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P IS T O N  D E P O S IT S , R IN G  S T IC K IN G , V A R N IS H IN G  
A N D  R IN G  C LO G G IN G  *

B y W . A. G r u s e  and C. J .  L iv in g s t o n e .

G e n e r a l  P r in c ip l e s .

T h e  two basic chemical changos in lubricating oils which underlie the  
form ation of engine deposits are :—

(a) The therm al coking of the hydrocarbons under essentially non- 
oxidizing conditions.

This is w hat occurs in  the fam iliar carbon-residue tes t. Two general 
influences govern the am ount o f residue left behind by coking. One is 
the molecular weight of th e  hydrocarbons, indicated roughly by  th e  boiling 
poin t or tho viscosity a t  some elevated tem perature, such as 210° F . As 
molecular weight (or boiling point or viscosity) increases hi any one fam ily 
of oils, tho carbon residue increases. Tho other influence is the chemical 
make-up. In  a comparison of several oils o f about tho same molecular 
weight, tho am ount of carbonaceous residue on coking increases w ith the 
proportion of ring groups, particularly  arom atics, present in the  oil 
molecules.

( b )  The oxidation of the hydrocarbons.

This is the change involved in  tho Sligh, Indiana, Underwood, and 
British Air M inistry te s ts .f

The mechanism of oil oxidation is no t well understood, bu t in general 
there aro two basic reactions which occur. I f  an  oil molecule is paraflinic 
in nature, the  oxidation products will a t  first bo acids resembling the 
ordinary soap ac id s; in engine operation these m ay combine w ith m etals 
present to  form soaps. I f  the  conditions are such th a t  acids of low m ole
cular weight are obtained, combination w ith m etals null occur more readily 
th an  if  the molecules are large. Ordinarily, the higher the  oxidation 
tem perature and  the longer-continued the oxidation, the  sm aller w ill be 
the  acid molecules produced.

On tho other hand, if  an  arom atic or partly  arom atic molecule is oxidized, 
the  oxidation products, while somewhat acid, will fall predom inantly in 
the  class of resins, and as the oxidation proceeds, the  products resemble 
more nearly  ordinary asphalt, and are known as asphaltenes. These 
oxidized resins and asphaltenes are much more unstable on heating th an  
are the oils from which they  have been formed. Therefore th ey  decompose

* Paper received 15th June, 1940. 
t  Sligh, P r o c .  A . S . T . M . ,  1927, 2 7 ,  Part I , p. 461.

Indiana : T. H . Kogers and B . II. Shoemaker, I n d u s t .  E n g n g  C h e m . ,  A n a l .  E d . ,  
15th N ov., 1934, 6, No. 6, pp. 419-440.

Underwood : H . C. Mougey, Preprint S.A .E. World A utom otive Congress, New  
York Meeting, 23rd May, 1939.

British Air M inistry : Garner, Keoloy, and Taylor, W o r l d  P e t r o l e u m  C o n g r e s s ,  
L o n d o n  (1933) P r o c e e d i n g s ,  Vol. I I , p. 448.
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easily on further heating, yielding products of s till higher carbon content 
and more solid consistency.

One fact of real significance about all these oxidation products is th a t 
as their molecular weight increases, they  become more insoluble in  all 
kinds of oils. This applies particularly  to  the soaps formed by oxidation 
of paraffinic oils, and to  the resins and  asphaltenes from arom atic and 
semi-aromatic oils. I t  applies all the  more to  the  products of therm al 
cracking of the  oxidized compounds.

Another significant fac t depends on the difference in  solvent power for 
oxidation products (particularly resins and asphaltenes) shown by different 
kinds of oils. The paraffinic oils are poor solvents, the arom atic relatively 
good solvents, and the  semi-aromatic fall between.

Three physical changes which can and do occur in  engine operation aro 
im portan t to  the forming of engine deposits :—

(а) The evaporation, a t  m oderate engine tem peratures, of the lower- 
boiling (SAE 10 and  20) oils when they  carry oxidation products in solution. 
While these oils boil norm ally under atm ospheric pressure in  the range 
650-950° F ., i t  should no t bo forgotten th a t  a t  several locations in an 
engine they  are spread in th in  films and  are exposed to  the  passage of 
blow-by gases. Under these conditions the  ordinary vapour-pressure 
characteristics m ay cease to  apply, so th a t  evaporation will occur more 
readily. W hen such evaporation does occur, any dissolved oxidation 
products will be left behind on the  evaporating surface, ju s t as dissolved 
shellac is left behind when the solvent alcohol evaporates.

(б) Tho precipitation of products which have become insoluble because 
they  have increased in  concentration beyond the  solubility lim its, or 
because they  have changed in chemical constitution. The first applies to 
the gradual accum ulation of soaps, resins, and asphaltenes in  oils under
going crank-case oxidation. The concentration will increase un til a  lim it 
is passed and  a precipitato appears, usually as an  asphaltic mud. As 
suggested, a  paraffinic oil will to lerate much less dissolved m aterial o f th is 
sort th an  will an  arom atic oil. The second is exemplified by the separation 
from an  oxidized oil, on heating, of decomposition products formed from 
oxidized compounds which were soluble un til heated. W ith arom atic 
oils this separated product is likely to  be first a  sticky ta r  which becomes 
solid when cooled. I t  decomposes on further heating to  a  friable semi-solid 
which will no t melt.

(c) The form ation of emulsions of oil, usually contam inated with water, 
the emulsion stabilized by finely divided solids. The im portance of these 
emulsions as such is fam iliar, bu t i t  is no t so generally recognized th a t 
they  m ay be dried in place, leaving voluminous granular deposits.

The cause of th is  phenomenon rem ains obscured in a  cloud of controversy. 
So far as any  influence which the nature  of the  oil m ay have, opinion, 
based on both published * and unpublished inform ation, is divided into

R in g  S t ic k in g .

* Fairlie, O i l  cfc G a s  J . ,  1936, 34, No. 44, p. 114.
Larson, Ainsley, and Fairley, i b i d . ,  1936, 34, No. 39, p. 24. 
Rosen, J .  S o c .  a u t .  E n g r s . ,  1937, 40, 165.



two camps. One adheres to  the belief th a t ring-sticking tendency increases 
w ith the ease o f oxidation of tho oil (as indicated by laboratory oxidation 
tests), w hilst tho other believes th a t  a  volatile oil is best, ease of oxidation 
being relatively unim portant. The outstanding feature of tho situation 
seems to  bo a  large mass of contradictory experim ental data . Wo bolieve 
this to  be due chiefly to  tho fact th a t  experimenters are using different 
types of engines under different operating conditions and th a t  tho very 
im portan t mechanical details are being controlled to  different extents. 
Each of tho two opinions is undoubtedly sound, depending on tho conditions 
under which i t  was deduced. In  1937 * wo pointed out th a t either typo 
of oil is likely to  cause or no t to  cause ring sticking, depending on the 
conditions. The chemical fundam entals to  be controlled are probably :—

R ing-belt tem perature.
R ate  of oil consumption.
E x ten t o f oil oxidation.

A discussion of these follows, bu t it  seems desirable to  com m ent first on the 
im portance of mechanical conditions and details.

Mechanical Influences on Ring Sticking.
Among these are :—

Ring-side clearance.
U niform ity o f ring-side clearance.
Condition o f cylinder w all surface, including ring conformation 

against cylinder wall.
M aterial, design and  reproducibility of pistons.

Sinco these variables m ust be controlled in te s t runs, they  are factors which 
will influence the prevalence of ring-sticking in  service.f

Ring-side Clearance.
The im portance of th is variablo is obvious, and was pointed out by the 

authors in tho 1937 paper ju s t m entioned. In  a supercharged te s t engine 
under otherwise rigidly controlled conditions, a t  an  arb itrary  wall tem pera
ture of 345° F. a t  the top  of the  cylinder barrel, and a ring-side clearance of 
0002 in. (to an  accuracy of about 30 per cent.), ring sticking occurred in  a 
given tim e period w ith a ll kinds of oils. W hen the side clearanco was 
increased to  0 003 in., i t  was possible to  recognize, in the  same tim e period, 
variations in the performance of different types of oils. W ith continued 
running, a certain am ount of norm al wear is to  be anticipated, so th a t side 
clearance will increase. Wo agreo w ith the belief th a t much trouble can be 
avoided in service by increasing side clearance, bu t i t  should bo remembered 
th a t  w ith long-time running a  wide clearance m ay increase to  tho point 
where harm ful fluttering or surging m ay occur.
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* “ A.S.T.M. Symposium on Lubricants,” 1937, p. 13.
t  Sinoo this paper was presented, tho importanco of variablo distortion of pistons 

when lioatod has beon pointed out to us by A. L. H eintzo and C. G. A. Rosen.
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Uniformity o f Side Clearance.
Uniform side clearance around the  p iston  is obviously im portant. In  

order to  avoid the norm al increase in side clearance observed w ith aluminum 
pistons, we have done m uch of our work w ith cast iron. In  one case we 
noted a gradual increase in sticking tendency of the top ring, when conditions 
were apparently  unchanged from one te s t run to  an o th e r; th is was traced 
to  an  increase (by wear of the  top  land) in  side clearance a t  one point in 
the  circumference am ounting to about 0-0022 in., compared w ith 0-0005 in. 
a t  a point opposite. A plo t of the  m easurem ents around the  groove is 
given in  the accompanying Fig. 1. An exam ination of the diagram  shows 
th a t  opposite the  exhaust valve th e  ring could no t seat against the  land. 
A p a th  was thus open for ho t blow-by gases to  pass behind the ring and to  
decomposo, into an  adhesive cement, w hatever oil products were there. 
This effect persisted even when cylinder wall tem perature was lowered 
100° F.

Condition o f Cylinder Wall Surface.
A t one point we encountered a  very puzzling sequence of results. These 

are represented in the following tabulation. All conditions were rigidly 
controlled, sticking being induced by supercharging and  a  reproduced high 
wall tem perature. The two oils used were of the  same type, highly refined 
paraflhiic. A new top  ring was used in  each run, the  lower rings being 
retained to  keep oil consumption the  same.

Oil. Oil
consumption. Sticking observed.

S.A.E. 40 . . . 10 gm ./lir. Top ring s tu ck ; others free.
This run repeated several tim es in succession w ith  

identical results.

S.A .E. 20 . . . 9 gm ./lir. Top ring stuck; others free.
S.A .E. 20 . . . 39 gm ./lir. | Top ring free; second ring stuck. 

Repeated several tim es w ith  identical results.
(Run-in period, light load, on set of Ferrox rings; 

Forrox rings then  removed.)

S.A .E . 20 . . . 19 gm ./lir. Top ring stuck.
S.A .E . 20 . . . 40 gm ./hr. Top ring freo ; second ring stuck. 

Top ring free; second ring stuck. 
Top ring stuck ; second ring stuck.

S.A .E . 40 . . . 46 gm ./hr.
S.A .E . 40 . . . 39 gm ./hr.
S.A.E. 40 . . . 10 gm ./hr. Top ring stuck; others free.

The explanation of this sequence, as we worked it  out, was as follows : 
the S.A.E. 40 oil formed a satisfactory lubricating film and left the cylinder 
wall in  good condition. The oil consumption was low and the top  ring 
stuck. The first run  w ith S.A.E. 20 found the wall in good condition, and 
this lasted for the period of the  te s t;  oil consumption rem ained low. 
However, the viscosity of the S.A.E. 20 was not sufficient to  m aintain good 
lubrication very long a t  the  prevailing wall tem perature, and  the  second 
ru n  w ith the 20 oil was sufficient to  scuff the cylinder w alls; oil consumption 
then  w ent up sharply. This condition continued during repeated runs 
w ith the S.A.E. 20 un til the wall was smoothed down by a  low-tem perature 
run  with Ferrox rings. This surface lasted through one run  w ith the S.A.E.
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20 oil, after vh icli i t  roughed up again. A t this po in t a te s t run  w ith 
S.A.E. 40 oil effected the same change as had  been effected in  a  shorter 
tim e by the Ferrox r in g s ; however, during the polishing up the oil consump
tion was high. Once established, the surface. m aintained itself w ith 
continued use of S.A.E. 40 oil, and  the test results were the same as in the 
first runs on S.A.E. 40.

P O I N T S  OF  M E A S U R E M E N T
F ig . 1.

V A R IA T IO N S  IN  R IN G  S ID E  C L E A R A N C E  A F T E R  195 H O U R S  O F  R U N N IN G  T IM E . N O R M A L 
C L E A R A N C E— 3-5 T H O U S A N D T H S .

In  order to  confirm tliis explanation a second short series was made 
under the same conditions and  w ith the same oils, except th a t the cylinder 
wall surface was observed by  use of a profilometer.*

The results are tabulated  as follows :—

Oil con
sum ption. Sticking observed.

W all
condition
(averago

roughness,
micro

inches).

Control run— S.A.E. 40
No rougher spots anywhere
T est run— S.A.E. 20 (A) . 

Repeat (B) . 
Repeat (C)

12 gm ./hr.

13 gm ./hr. 
10 gm ./hr. 
30 gm ./hr.

Top stuck; others free 
/  Top of ring travel 
1 B ottom  of ring travel 
Top froo; second tacked  
Top s tu ck ; others free 
Top tacked; second stuck  

/  Top of ring travel 
\  B ottom  of ring travel 
Spot 1-5 in. below top of ring 

travel, 0-75 in. in diam ., 
under exhaust valvo

3
8

8
13

20-30

* B y courtesy of P. G. Exlino, Gulf Research and Developm ent Co.
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Runs A and B are considered to be essentially duplicates, during which 
the scuffing had not advanced very far. Run C represents the incipient 
scuffing under discussion; continuation of this process would have ruined 
the cylinder wall.

The practical deductions from this series of experiments include the 
following points.

The condition of cylinder-tvall and ring surfaces is very important, 
and trustworthy results cannot be obtained until exactly reproduced sur
faces are employed. The results of one test run may be influenced by the 
conditions of a previous one, unless this precaution is observed.

In comparing oils, marked differences in viscosity at the working 
temperature are to be avoided if  the comparisons are to have any meaning. 
Any other differences which will influence the film-maintaining properties 
of the oils under test should also be controlled.

Reproducibility of Pistons.

It has frequently occurred in this work that, on changing pistons, 
duplication of results was not possible. When not attributable to groove 
width or groove non-uniformity, it was usually found that small variations 
in piston weight or wall thickness, or tightness of fit on the piston pin, lay 
at the bottom of the difficulty. I t  need scarcely be pointed out that, on 
changing from one piston to another, piston alignment must be perfectly 
reproduced if  results are to be repeated.

The final confirmation of exact duplication of all mechanical conditions 
lies in the ability to repeat results under the same engine conditions with 
the same oil. A  system of control runs with one oil interspersed in a series 
of test runs is a real necessity. Rigid control of mechanical conditions is 
very difficult to attain, and an unbroken series of consistent results is 
scarcely to be expected.

Chemical Influences on Ring-sticking.

Ring-belt Temperature.
The influence of piston temperature in the ring belt has been discussed 

fully by Rosen.* It has been possible in our present work to confirm the 
general correctness of Rosen’s conclusions when piston temperature was 
varied only by changing wall temperature, engine output remaining 
constant. With a given paraffinic oil and a definite set of test conditions, 
the following sequence was obtained :—

R ela tiv e  w all 
tem perature, ° F .

330

345  
360

* Soc. aut. Engrs., 1937, 40, 165.

D ep o s its  form ed  on  p isto n  land  a b ove to p  ring, and  behind  to p  
rin g; r in g  itse lf  w ell lubricated  and  w et w ith  o il. A ll low er  
rings clear o f d ep osit .

T op ring stu ck  t ig h t;  second  r in g  w e t  w ith  oil.
T op  ring and groove d ry  and  c le a n ; n o t lu b r ica te d ; a ll oil w as  

burning off. D ep o s it  bu ild ing u p  on  lan d  ab ove second ring. 
Low er rings w et w ith  oil.
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It appears from these results that a particular optimum of temperature was 
located at which ring-sticking occurred most readily. Below this tempera
ture sufficient liquid oil passed through the top groove to prevent accumula
tion of any serious amount of deposit. The piston below this point was 
cool enough to avoid deposition. Above this optimum temperature oil 
reaching the top groove was apparently burned away, so that no deposit 
accumulated. Just below this point on the piston the temperature was 
apparently right to permit the baking out of a deposit, which accordingly 
formed there. This last phenomenon has been observed in aircraft- 
engine operation.

Rate of Oil Consumption.

From our experience in this study we have been forced to conclude that 
no duplication in ring-sticking work is possible without close control of 
oil consumption. This is not always easy, and is usually dependent on 
proper adjustment of mechanical conditions. The following table is based 
on test runs in which type of oil and oil consumption were the only variables; 
all other conditions were closely controlled. The results illustrate the 
variations likely to be encountered when oil consumption is allowed to 
change.*

Oil. C onsum ption ,
gm ./h r . S tick in g  observed .

L ow  Oil C onsum ption.
S .A .E . 30, solvent-refined  

naphthen ic
15-3
19-3

A ll rings free.
T op ring ta ck y  b u t free; o ther  

rings free.

S .A .E . 40, paraffinic 16-8
16-2
11-2

T op s tu c k ; o th ers free. 
T op  s tu c k ; o thers free. 
T op  s tu c k ;  o th ers freo.

H igh  Oil C onsum ption.
S .A .E . 30, so lvent-refined  

naphthen ic
36-8

1000
T op  s tu c k ; second stu ck . 
T op  s tu c k ; second tack y .

S .A .E . 40, paraffinic 39-6
28-0

A ll rings free. 
A ll rings freo.

It will be observed that when oil consumption was low, the naphthenic oil 
left the rings free, whilst the paraffinic oil produced sticking. When oil
consumption, on the other hand, was high, the reverse was encountered : 
the naphthenic oil stuck the rings and the paraffinic left them free.

The explanation of these differences is believed to lie in the variation in 
behaviour of the two oils. At a low rate of flow to the ring grooves the 
more volatile naphthenic oil apparently vaporized away rapidly enough and 
cleanly enough so that no appreciable residue of an adhesive nature was 
left on the rings; the less volatile paraffinic oil, however, at the prevailing 
temperature, left behind a sticky residuum which accumulated (was prob
ably also oxidized) and finally bound the rings. When the oil flow past
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the rings was approximately doubled, however, the residue from the 
paraffinic oil was kept diluted, so that it flowed up rapidly, and thus never 
had an opportunity of attaining a firmly adhesive condition. The naphthenic 
oil, by contrast, at a high rate of flow, evaporated only partly; the residue 
in the groove evidently then oxidized to a binding cement. This set of 
phenomena probably represents one of the underlying reasons for the 
prevailing differences of opinion as to the relative merits of paraffinic 
and naphthenic oils in reference to ring-sticking. The proponents of 
naphthenic oils are probably working with engines characterized by low 
oil consumption as related to piston temperature and output, whilst the 
proponents of paraffinic oils are perhaps concerned with engines which 
use more oil in proportion to piston temperature. This is discussed below.

Extent of Oil Oxidation.

The significance of oil oxidation in the ring-sticking picture is very 
difficult to evaluate. Oxidation in the ring grooves has been suggested as 
involved in the explanation just given as to why change in oil consumption 
affects the results from different typo oils in different ways. There is 
much evidence for the belief that accumulation of oxidation products in 
crankcase oil will in many cases accelerate ring-sticking, but this probably 
gives too simple a view of the situation; facts arc not yet available for a 
complete discussion.

Earlier in the paper it was pointed out that two schools of thought 
existed with regard to the importance of oxidation tendencies of oils. These 
seem to be based on real experience to the effect that in some cases clean 
burning-off in laboratory tests will select oils which do not stick rings, 
whilst in other cases resistance to high-temperature oxidation tests will 
point out desirable oils. The obvious reason for this contradiction has 
been suggested above. The adherents of volatile naphthenic oils which 
show good burn-off characteristics seem to be concerned with engines which 
normally operate at oil consumptions low enough to take advantage of the 
clean-burning character of such oils. The adherents of the less volatile, 
generally oxidation-resistant paraffinic oils, by contrast, may bo occupied 
with the lubrication of engines characterized by somewhat higher oil 
consumption and higher temperature, or by a more significant amount of 
crankcase oxidation.

In this discussion of ring-sticking phenomena only such data have been 
used in which it is believed that all variables were comparable except the 
one deliberately changed; those not familiar with such work might conclude 
that this condition is easy to attain. As a matter of fact, any one engaged 
in ring-sticking study should expect to spend a high proportion of his time 
in explaining to himself why his results do not check, and in locating 
unsuspected and uncontrolled variables. Ring-sticking is a very complex 
phenomenon, due in actual service to a variety of causes; it is doubtful 
whether any one laboratory test (engine or otherwise) can be devised to 
evaluate lubricating oils in a way which will correlate with all the variables 
in service.
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V a r n i s h .*

The formation of varnish-like deposits, soluble in acetone and similar 
solvents, on engine parts, is not altogether a recent development. It has 
been known for years, and has usually been associated with the oxidation 
of oils of the sludge-forming type, and usually under conditions severe 
enough to cause accelerated deterioration. Tho fact that such deposits are 
being encountered in service is one indication that service conditions have 
become quite severe. There is not much doubt that oils differ in their 
tendency to form varnish. In our experimental work some years ago we 
encountered a striking comparison. Two oils o f S.A.E. 40 viscosity were 
used in a prototype test engine under identical conditions and with the 
samo amount of air fed into the crankcase. The figures for the two tests 
are as follows :—

Oil A . Oil 13.

T im e, hours . . . . . 50 50
Crankcaso tem p ., ° F . 280 280
N eu tra liza tion  num ber increase . 6-G 4-8
Sapon ification  num bor increaso . 25-1 18-3
P recip ita tion  num ber increaso 0-02 1-6 f
V isco sity  increaso a t  210° S ayb o lt sec. . 680 2178
Carbon rosiduo increaso — 2-35
C ondition of engine . . . . N o  crankcase, p is 

to n  sk irt, or ring  
d ep osits.

Crankcaso s lu d g e d ; 
a ll bearings and  
p isto n  tig h tly  
cem en ted  b y  v a r
nish .

t  T h is  valuo w as 3-G a t  40 h ou rs; tho  decrease corresponds to  rapid sludging.

An almost identical case was encountered in a comparison of two S.A.E. 
20 oils of the same general type. A presumption of similarity, if  not 
identity, for the sludge and the varnish from tho unstable oil is afforded 
by tho following data, obtained by micro-analysis :—

V arnish . Sludge.

Carbon, % . 74-6 73-1
H yd rogen  . . . . . 6-9 6-7
O xygen  (d iff.) 17-8 1G-2
A sh  . . . . . . 0-G8 4 0

Tho higher ash content of the sludge might bo due to the fact that the 
sample was obtained by scraping, whilst that of the varnish was recovered 
by solution in acetone.

* Tho au th ors h a v e  n o t includod, under tho term  “ varn isli ” tho orange-to-b lack , 
h ig h ly  adherent and  in so lu b le  coa tin gs a ssocia ted  w ith  ex trem ely  h igh  tem perature  
operation . For tlioso d ep osits, tho  a u th ors h av e  rosorved tho term  “  lacquer ; th ey  
su g g est tho  d istin ction  as a  u sefu l one.
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In the spring of 1938 we had occasion to investigate a series of reclaimed 
motor oils. The occurrence of varnish with these materials was obviously 
related to their content of soluble oxidation products, and we were induced 
to continue tho study with some now oils in order to connect the phenomena 
of our earlier observations. The work led us to conclude that the following 
are controlling factors in the early formation of acetone-soluble varnish in 
gasoline engines:—

(1) High crankcase oil temperature. The critical temperatures are 
in general about the same as those which will produce corrosive acids 
by oil oxidation.

(2) Oxidation of tho oil to compounds which will ultimately drop 
out of solution as sludge. The amount of varnish deposited seems 
to be closely proportional to the amount of oxidation effected; inter
rupting the oxidation will stop tho depositing of varnish after the supply 
of oxidized products has been exhausted.

(3) Adequate solvent power on the part of the lubricating oil for 
tho oxidation products formed. The addition of 10 per cent, of 
preoxidized oil to a crankcase oil of low solvent power resulted, 
during the ensuing test run, in the formation of crankcase sludge, but 
no varnishing. The addition of 10 per cent, increments of pre
oxidized oil was repeated twice, with 10 hours of engine running 
between each addition. At the end of 35 hours the engine was badly 
sludged, but no varnish had been formed. The addition of 10 per cent, 
of the same preoxidized oil to a crankcase oil of high solvent power 
produced during tho test run a copious varnish after 5 hours’ operation, 
with no appreciable crankcase sludge. The high-solvency oil by itself 
had showed no varnishing until after 10 hours of running, which 
indicates that it took little, if  any, part in the phenomenon.

As a further confirmation of this set of phenomena, the high-grade 
oil o f low solvent power for sludge, mentioned above, was used in an 
experiment in which a completely filled filter cartridge of the cotton 
waste type was cut into the circuit. When this was done, the oil, which 
had produced no varnish by itself, yielded a slight but definite varnish 
deposit on the piston in 10 hours of operation. It  thus appears that 
the presence of a contaminated filter cartridge in a lubricating system  
may serve as a source of varnish, even though the oil being used is of 

* such a quality as not to cause trouble by itself.
(4) A high content of easily evaporated material in the oil medium. 

This may be the volatile neutral oil present in some S.A.E. 10 and 20 
products, or may be heavy ends of gasoline coming in as fuel diluent. 
In the absence of any better explanation, it would seem that the light 
material evaporates off from tho film of oil in contact with hot surfaces, 
concentrating the soluble oxidation products, which deposit as varnish; 
the process resembles the laying down of a shellac film when the alcohol 
solvent evaporates.

(5) Catalytic influences of materials in contact with the oil at high 
crankcase temperature. A comparison of several different bearing 
materials in the same engine, the oil and the test conditions being the 
same, gave the following :—
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B earing m aterial. T im e, lirs. V arnish .

C oppor-lead . . . . 10 Sevoro
C adm ium -silver . . . . 10 Sovero
B a b b itt  . . . . . 20 S light

N ow  bearing sh e lls  of id entical sizo (to  0-0001 in .) were u sed  for each  te s t .

It is well known that oil deteriorates much faster in new engines than 
in those well conditioned by u se; this is presumably due to the catalytic 
action of the fresh metal surfaces and particles. Similarly metallic soaps 
and other oil oxidation products will usually promote deterioration.* 
These influences will accelerate lacquer deposition, and should be taken 
into account in both research and operating control.

All the above controlling factors have been closely related to the lubri
cating oil and its functioning; thero are, however, several ways in which 
the gasoline fuel can share in the responsibility for engine varnish. These 
are all related to the fact that gasoline is not completely burned during 
starting and cold operation, particularly under light load. Under these 
conditions the unburned fuel consists of high-boiling fractions of the gasoline, 
somewhat oxidized by having been compressed with air in the compression 
stroke and then heated by direct contact with a flame. At these high 
temperatures the conventional gum inhibitors used in gasolines could not 
be expected to prevent oxidation. The heavy ends of cracked gasolines 
are themselves fair solvents for oil resins, and after oxidation of this sort 
are still better.f Furthermore, after oxidation of this sort it is evident 
that the unburned heavy fractions are potential sources of gum resins, 
since they contain aldehydes and probably peroxides.

These partly oxidized heavy fractions of gasoline may share in varnish 
formation in three ways :—

(a) They will pass down into the crankcase by migration past the 
piston rings, and accumulate in the crankcase. Each increment of 
diluent can be evaporated away from the oil by crankcase ventilating, 
and this may occur many times. But each time the diluent evaporates, 
its non-volatile gum content will be left behind, and in this way an 
appreciable concentration of soluble fuel gum can be built up in the 
crankcase oil. This functions in a manner analogous to that of the 
soluble resins and other products resulting from the oxidation of the 
oil itself, as discussed above; it deposits as varnish on metal surfaces 
when rendered insoluble by heating or by evaporation of the solvent.

(b) Once mixed with the oil, they will increase its solvent power 
for soluble oxidation products deposited (perhaps harmlessly) some
where in the engine or in the oil filter. The influence of this sequence 
on varnishing has been discussed above.

* T h e su sp en d in g  action  of som e soap s m a y , o f course, a lso  be sign ificant under  
certain  con d ition s in  h indering dep osition .

f  T he back  firing, through  th e  carburettor o f an  engine runn ing on gasolino w ith  
an  ex trem ely  retarded spark, h as been  observed , in th e  a u th o rs’ laboratory, to  p ro
duce d efinite traces o f  p h e n o l; phenol is  a  b etter  so lv e n t for resin s th a n  is  gasoline, 
and  th is  gi%'es a  p icture o f th e  im p rovem en t o f  so lv en t pow er b y  flam e ox id ation .
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(c) Since these unburned materials arc introduced above the piston, 
they have ample opportunity to come into contact with the piston 
crown and head carbon deposits formed in normal operation. When 
these deposits are laid down under conditions of low temperature 
operation, they contain a high proportion of partly burned oil, resins and 
asphaltenes, which serve as binders for the solids; as is well known, 
deposits of this type are characteristically soft and pasty. Diluent 
entering the crankcase under these conditions is likely to be saturated 
with unstable extracts from the carbon deposits, which can take part 
directly in the laying down of varnish.

Oil -ring Clogging and Sticking .

Two very common types of lubrication trouble during tho past few years 
have been ■winter sludging and the premature increase of oil consumption 
in engines apparently in otherwise good condition. This latter may occur 
at anywhere from 10,000 to 20,000 miles of use. Winter sludging is 
normally common only in operations where the ratio of idling time to miles 
travelled is very high, but the premature riso in oil consumption is very 
common for passenger automobiles generally. Strikingly enough, the 
difficulty does not seem to occur as soon in salesmen’s cars, running 50,000 
miles in a year, as it does in a carefully operated family car, used 6000 to 
10,000 miles annually.

The two phenomena are perhaps more closely related than is apparent. 
The forming of winter sludge is correctly attributed to the emulsifying of 
oil and water by solid carbon-like materials (see photomicrograph, Fig. 2),* 
and most writers on the subject, including the present authors, have 
assumed that the solid materials came down as fuel soot from partly 
burned gasoline.f A reanalysis of this condition, however, indicates that 
only very small amounts of fuel soot are likely to bo available in equipment 
which produces large amounts of winter sludge; for instance, rubbish- 
collecting trucks which idle steadily during the greater part of an eight- 
hour trip covering 14-18 miles. IJnder these conditions the engine will 
be warm, even though the crankcase may be cool, and not much soot can 
be expected to form by chilled combustion. In a fleet operated under the 
authors’ observation the collecting of water in the crankcases has been 
avoided by suitable control of temperature. However, the accumulating 
of carbonaceous material has continued, but only in proportion to the oil 
consumption of the individual engines. Units shoving large amounts of 
solids in tho crankcases and valve compartments invariably showed high 
oil consumption also. From this it  seems more probable that the solid 
materials (which would serve as emulsifiers for winter sludge if water were 
present) came from the wash-down of partly coked oil and “ carbon ” 
deposits formed above the piston; the carrying medium is the oil returning 
to the crankcases under conditions of high oil consumption. This is 
according to the discussion of low-temperature ring-fouling given by the 
authors in the 1937 A.S.T.M. paper mentioned above. |

* B y  cou rtesy  o f L . W . V ollm er, G ulf R esearch  an d  D evelop m en t C om pany, 
f  Gruso and L iv in gston e, A .S .T .M . S ym p osiu m  on  L ubrication , 1937, p . 1. 
j; Loc. cit., p . 10.
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P H O T O G R A P H  O F  P IS T O N  FR O M  E X P E R IM E N T A I. E N G IN E  A F T E R  40 H O U R S  O F  O P E R A T IO N  O N  O IL  B (S E E  T E X T ) .
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25 X E N L A R G E M E N T  O F  A SM A L L  C H IP  T A K E N  F R O M  A F E A T H E R  E D G E  A T  T H E  T O P  O F  T H E  P IS T O N  U S E D  IN  T H E  T E S T  

W IT H  O IL  C (S E E  T E X T ) .  A R R O W S  P O IN T  T O  A R E A S  SH O W IN G  G L O B U L A R  F O R M A T IO N  W H IC H  IN D IC A T E  T H E  D E P O S IT  W AS 
M O L T E N  W H E N  H O T .
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The operation of such a washing action is indicated in the accompanying 
photograph (Fig. 3). 'l'hc normal deposit, which might be expected to 
form over the entire piston surface, has been washed away on the low side 
of the piston of a “ V ” type engine, leaving clean metal. A small pool of 
the washing oil can be seen at the edge of this piston. The combustion 
chamber deposits formed under conditions of low temperature and part load 
are well known to be of the soft and pasty variety. They aro made up of 
20^15 per cent, liquid oil, about 10 per cent, asphaltencs and resins, and the 
rest coke, lead and ash.* Such wet mixtures are easily extracted and 
disintegrated by hot oil. Hot unburned gasoline residues from starting, 
choked operation and running under very light load, will begin the process 
of washing this down off the piston crown into the ring grooves. Only 
very small particles can pass the rings, because of a combination of grinding 
and edge filtering. When the wash-down material reaches the oil ring-slots 
and piston drain-holes it  has cooled somewhat, and apparently some of the 
resins come out of solution on the walls of the slo ts; this is indicated by 
inspection of oil rings which have been clogged. This resin layer then acts 
as an adhesive to bind solid particles from the disintegrated piston crown 
material. As pointed out hi our 1937 paper, the build-up proceeds from 
the outside towards the inside of the slots. Experiments in our laboratory 
have led us to believe that the binder in the low-temperature carbon 
deposits resembles closely conventional oil varnish, and the ring clogging 
under discussion depends on a transfer of this binder from piston-crown 
to ring-groove slots. Since the slots and drain holes were originally 
provided to permit return of oil to the crankcase, the clogging of these 
passages interferes with the normal action of the oil control rings, and oil 
consumption increases. Once complete clogging has occurred it is practi
cally impossible to clean the oil-control system in any way except by 
mechanical cleaning. I f  this explanation is correct, there is considerable 
danger that certain types of solvent “ carbon removers ” might be respon
sible for a good deal of ring-clogging trouble, since they may dissolve the
carbon binder and wash it down the sides of the piston.

Once rings are clogged, oil consumption increases and the condition 
goes from bad to worse. The ring-clogging discussed above can be largely 
attributed to solvent and mechanical action exerted on deposits formed 
above the rings. There is, however, another set of causes and events 
which leads to the same result and which, occurs under conditions of 
efficient high-temperature operation when the piston crown remains more 
or less clean. The starting-point for this sequence of engine trouble is the 
varnishing of the surfaces in the vicinity of the oil ring groove. In the 
course of our study of engine varnishes we encountered a series of results 
in which varnish deposit was not severe enough to cause piston-sticking, 
but did bring about a very marked increase of oil consumption. Two oils 
were compared: one was an S.A.E. 20 paraffinic oil with low resistance to 
sludging, and the other was an S.A.E. 30 naphthenic oil containing a

* T hose figures are from  d ep o sits  in  experim enta l ongines. E v e n  sh o rt operation  
a t  h igher tem perature w ill dry tho d ep osits, bringing them  nearer to —

L iquid  o il . . . . 10-20%
A sp h a lten cs and  rosins . 2 -5
Coke, lead  an d  ash  . . 8 0 -85



viscosity index improver. The inspection data on the two are given 
as follows :—
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N ap h tlien ic  blend. Paraffm ic oil.

Specific g ra v ity 0-8827 0-869
V isc o sity  a t  100° F . 490 354
V isco sity  a t  210° F . 04-1 57-4
V .I ........................................................... 102 110

W ien  operated under identical test conditions of accelerated oxidation, 
the two oils gave results indicated in the accompanying Fig. 4. It will

H O U R S  ON T E S T  
F io . 4.

be observed that oil consumption stayed low to the point at which varnish 
deposition around the oil ring grooves was noted. Oil consumption then 
increased rapidly to the end of the test without any further marked indica
tion of additional varnishing. Under comparable conditions, other oils 
showing high resistance to varnishing went through the entire test period 
without any increase of oil consumed per hour. No ring clogging was 
encountered in any of these latter cases because the engine was being 
operated with extremely high output ; all oil passing the rings was burned 
cleanly in the combustion chamber. I f  a cycle of low load operations had 
been introduced at this point, oil-ring clogging would be expected to occur.
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In order to study the sequenco further, the work was transferred to 
another engine characterized by low crankcase temperature and absence 
of crankcase oxidation; the device was adopted of supplying oils pre
oxidized to different extents. An S.A.E. 40 solvent-refined naphthenic 
oil, preoxidized in an iron apparatus at 280° F. to the following test values, 
was employed :—

N ou t. num ber . . . 0-54 N aph . in so l. . . . 0 081%
Sapn. num ber . . . 5 - 7  Chloroform  so l. from  naph .

in so l. . . . .  0-027%

The results may be tabulated as follows :—

H ou rs on  
te s t .

Oil con su m p tion , 
gm ./h o u r .

V arnish around  
oil-ring groove.

20 2 S ligh t
40 3 N o chango
eo 3-5 N o chango
80 3-5 N o  chango

I t  is evident that no further varnishing and no increase in oil consumption 
occurred with long-extended running. The explanation apparently was 
that the supply of oxidation products contributing to varnish deposition 
had been exhausted during the first 20 hours of running. The test was 
repeated, but at the 40-hour period the crankcase was drained and a second 
filling of the same preoxidized oil was supplied. The results are as follow s:—

H ou rs on  
to st.

O il con su m p tion , 
g m ./h o u r . V arnish  around oil-ring groove.

20
40

4-7
4-8

S ligh t.
N o chango.

60 3-2 H ea v y .
80 10-3 R in g  s lo ts  p a rtly  clogged .
90 6-5 » R in g  clogged  and s tu c k ; cylin d er scored.

* Tho decrease o f oil con su m p tion  after 80 h ou rs is  str ik in g  an d  seem s con trad ic
to r y ;  how ever, it  is  boliovod to  be due to  tho sharp increase o f b low -by  a t  th is  stago.

The inspection of the remaining crankcase oil showed no marked change 
from the values given above, except a 35 per cent, decrease of saponification 
number. Evidently in this case the saponifiable constituents served as a 
source for the varnish deposits.

This sequence was then repeated tliree times in a somewhat different 
way. A new base oil was used in each case, and 10 per cent, increments 
of a preoxidized oil were added to it at 20-hour intervals with inspections 
at each 10-hour point. The base oils were :—

(a) A highly refined paraffinic, S.A.E. 30,
(b) A solvent-extracted Mid-Continent, S.A.E. 30,
(c) A solvent-extracted naphthenic, S.A.E. 30,
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respectively. The preoxidizcd material added was a solvent-refined 
Mid-Continent S.A.E. 10 oil, run in a test engine under high output and 
with crankcase oxidation at 2S0° F . ; the oxidation run was carried to the 
point of varnish formation. The inspection data for this addition oil are 
as follows :—

N eu t. num ber . . . 4-4 N ap h . in so l. . . . 04)02%
Sapn. num bor . . . 23-1 Chloroform  sol. from  naph.

in so l. . . . .  0-S08%

In all three cases the set of phenomena repeated itself, varnishing and oil- 
ring clogging occurring in turns, but in 40-50 hours instead of 80, pre
sumably because the addition material had been more drastically oxidized. 
The accompanying Fig. 5 shows the piston from the B test (solvent- 
extracted Mid-Continent base oil) after 40 hours of running; the other 
pistons were almost exact duplicates. The heavy varnishing, the clogging 
of oil-ring slots, and the build-up of decomposed varnish around the 
compression ring grooves and the top edge of the piston are easily observed. 
The fact that the varnish material may bo molten when deposited is 
indicated by the photomicrograph given in Fig. 6.* This is a 25 X en
largement of a chip taken from a feather edge at the top of the piston used 
in the C run above. Typical indications of a molten condition arc indicated 
by the arrows; the whole resembles to some extent a chilled lava or clinker 
of fusible material.

The inspection data on the used oils drained from the engine at the end 
of each test are as follows :—

Oil A. Oil B . Oil C.

V isc o sity  a t  100“ F . 512 548 488
N eu tra lization  num bor 0-57 0-58 0-66
Saponification  num ber 4-5 5-3 4-8
N ap h th a-in so lu b le, % . 0-196 0-156 0-149
CIlC l3-solublo . . . . . 0 1 3 9 0-121 0-092

These results are all of the same order of magnitude because the preoxidized 
oil added to each was in all three cases identical.

The entire set of data indicates that the phenomena are due to the 
decomposing of soluble oxidation products 011 hot surfaces. The various 
sources for varnish deposited 011 pistons, listed earlier in this paper, can 
presumably contribute equally to this form of varnishing, and thus cause 
serious interference with the functioning of the devices set up for control 
of oil consumption.

Conclusion.

The general effect of the work presented here is to indicate that engine- 
varnishing, ring-sticking, and oil-ring clogging are more or less closely 
related. Oxidation of the oil, chiefly in the crankcase, to unstable products, 
followed by the decomposing of these products at hot points in the engine, 
play an important part in all three.

* B y  cou rtesy  o f L. W . V ollm cr, G ulf R esearch an d  D ovolop m ent C om pany.
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It is recognized that increased outputs necessarily involve higher piston 
and cylinder-wall temperatures. However, it does not seem necessary 
that crankcase temperatures must also be higher. Since the effect of in
creased temperature on rate of oxidation is enormous—a 20° F. rise means 
approximately a doubling of the oxidation rate—every decrease in crank
case temperature means a real improvement. While it is true that the 
oil is exposed to more severe conditions for short time periods, it must be 
remembered that the bulk of the oil spends most of its time at the crankcase 
temperature. It seems reasonable, therefore, tu hope that engine designers 
can arrange to keep crankcase oil temperatures low. They will thus take 
an unnecessary load off the oil, leaving it in better condition to carry the 
necessary load it encounters on the piston, cylinder walls, and bearing 
surfaces.*

* I t  is believed  th a t tlieso  rem arks a p p ly  to  a ll o ils , w heth er or n o t com pounded , 
inh ib ited  or o therw ise a ltered  b y  ad d itiv e  agents.
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S T U D IE S  O N T H E  S E P A R A T IO N  OF P A R A F F IN  
W A X E S *  P A R T  I I — P H A S E  R E L A T IO N S H IP S .

By M. F. Saw y er , Ph.D., A.M .Inst.Pet., T. G. H u n ter , D.Sc., Ph.D., 
M .Inst.Pet., and A. W. N ash , M.Sc., F .Inst.Pet.

It has been mentioned in Part I that the only available method for the 
elucidation of the wax equilibrium diagram involves the separation and 
analysis of the solid and liquid equilibrium phases formed at temperatures 
within the melting range of the wax stock.

Apparatus for E quilibrium  E xperim ents.

The apparatus used throughout these equilibrium experiments is 
illustrated in Fig. 1.

Constructed in brass, it consists essentially of three sections :—

(1) the cylinder A B  of diameter 5 cm. and length 14 cm., which is 
screwed into

(2) the cylinder head CD, through which passes the screw E  carrying 
the piston head F, and

(3) the conical cylinder head G.

The piston F  consists of a brass plate with a rubber washer, the purpose of 
the latter being to prevent seepage of the liquid phase between the piston 
and the cylinder wall. The conical cylinder head G contains a perforated 
brass filter plate H I  of diameter 4-7 cm. and thickness 4 mm., on which is 
placed a layer of thin canvas L, which, in turn, is covered with a layer of 
fdtor-papcr. The liquid phase passing through the filter-plate was collected 
in a Buchner flask attached to the conical cylinder head by means of a 
rubber bung at K . All screw connections were made water-tight by the 
use of Mobilgreasc Water-pump Grease No. C.

E xperim ental P rocedure.

The portion of the apparatus described under (1) and (2) above was 
assembled in an inverted position with the wheel handle pointing down
wards, and placed in a thermostat of 10 gallons capacity. The thermostat 
was of the normal electrically controlled type, and the bath temperature 
was easily maintained to within ¿0-05° C., an accuracy that was considered 
adequate for the purpose. The apparatus, which was maintained in the 
inverted vertical position by means of a cradle support attached to the 
inside of the bath, was allowed to attain the thermostat temperature, and 
the molten wax sample, normally of 70-80 grams, was then poured from a 
glass beaker into the cylindrical section of the apparatus. The liquid was 
stirred occasionally during the initial stages of cooling, but stirring was

* P aper received  A pril 1940.
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almost continuous from the time solid wax first appeared until the liquid/ 
solid wax mixture had cooled to the equilibrium or thermostat temperature. 
After reaching this temperature the mixture was allowed to stand for a 
further 6 hours, during which time stirring was intermittent. A t the end 
of this period the conical cylinder head with Buchner flask attached was 
screwed into position at AB. The apparatus was then completely immersed 
in the thermostat and allowed to remain in this position for 1 hour, so that 
the whole apparatus attained the bath temperature. The apparatus was 
then momentarily taken from the thermostat, inverted, and immediately 
replaced in the cradle support which had been so designed that the whole

STU D IES ON TH E SEPARATION OF PA RA FFIN  W ANES. PART I I .  4 3 1

(a) (b)
Fxo. 2.

appartus (except for a portion of the screw E) was immersed whilst being 
supported in the position shown in Ifig. 2 .

Pressure was then applied to the solid/liquid equilibrium mixture by 
slowly turning the screw E. This procedure was continued until it was 
found impossible to turn the screw further. This operation was carried 
out over a period of 30-45 minutes, following which the apparatus was 
allowed to remain in the thermostat for a further period of 2 hours, the 
screw E  being maintained in the position of maximum pressure. The 
apparatus was then taken from the thermostat, the Buchner flask containing 
the liquid phase removed from the conical cylinder head 6, and the conical 
head separated from the cylinder by disconnecting at A B. The solid phase 
was removed from the cylinder as a solid block by turning the screw E. 
The amount of liquid phase was determined by weighing the Buchner
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flask before and after the experiment. The melting point of each phase 
was found in the manner described later.

Fig. 2 illustrates respectively the set-up of the apparatus (a) immediately 
preceding the separation of the two phases, and (b) on completion of the 
separation.

Since pressure was employed to assist phase separation, the effect of 
such pressure on the solid-liquid equilibrium must be considered. This 
may be predicted by Lc Chatelier’s principle. When the pressure on a 
solid and liquid in equilibrium at the melting point is increased, the phase 
with the larger specific volume tends to disappear. In this case liquid 
paraffin wax has the greater specific volume, and pressure will cause some 
of the liquid to solidify, latent heat of solidification will be evolved, and 
tho new equilibrium temperature or melting point will be higher.

Taking three waxes of melting point 65° C., 56° C., and 44-5° C. the 
specific volumes of which at the melting point in both the liquid and solid 
states have been reported by Carpenter,1 and assuming their latent heats 
of fusion to be those of the m-paraffins of the same melting point,2 
the increase in melting point per atmosphere pressure increase has 
been calculated by the Clapeyron equation to bo approximately +  0-01° 
C./ atmosphere. Bunsen 3 has determined the increase in melting point with 
pressure of a paraffin wax of melting point 46-3° C. and reports a value of 
+  0-036° C./atmosphere. The effect o f pressure on the equilibrium is 
obviously small.

During actual filtrations in this apparatus the pressure applied is small, 
but is increased considerably when the filter-cake is pressed to remove 
liquid. Tho effect of this pressure is tw o-fold: first to improve solid- 
liquid separation by tho mechanical forcing out of liquid from the cake, • 
and secondly to retard separation by solidifying part of the liquid wax still 
retained by the cake. It is believed that the first effect more than out
weighs the second, since pressure was found to improve the separation, and 
as retention of liquid phase by the solid cake is of more importance in the 
equilibrium results than tho pressure effect, the latter may be ignored in 
comparison.

Melting -po in t  D eterm ination .

The melting points were determined by the following method, for which 
only 5 grams of the sample were required. A |  X 8 inch glass test-tube 
was filled to a mark (11 inches from bottom) with the wax sample and 
placed in an air-jacket consisting of a larger glass boiling tube (14 X 6 
inches), which, in turn, was placed in a 3-litre beaker containing water at 
a temperature 10-15° F. lower than the expected melting point of the 
sample. An N.P.L. Standardized I.P.T. Wax Setting-point Thermo
meter was placed in the molten sample so that the thermometer bulb 
reached to within J inch of the bottom of the test-tube. A cooling curve 
was then plotted, the temperature being taken at half-minute intervals, 
starting at a temperature 5° F. above the melting point of the wax, and 
continuing until the first minumum cooling rate had been passed. The 
melting point was taken as/that temperature at which five or more identical 
consecutive readings were observed. Taking all precautions mentioned 
in the I.P.T. method, Serial Designation-PS 11a, regarding the heating
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of the sample, duplicate results are obtained differing by not more than 
±0-05° F.

For the purposes of this research the melting point of paraffin wax is 
therefore defined as the temperature at which molten paraffin wax, when 
allowed to cool under the conditions specified above, first shows the 
minimum rate of temperature change. The values determined in this 
way will be referred to hereafter as I.P.T. melting points.

E xperim ents w ith  D e -oiled  Slack W a x .

The first series of experiments designed to give some indication of the 
form or nature of the equilibrium diagram were made with a wax stock 
consisting of de-oiled slack wax of I.P.T. melting point 114-0° F. Equili
brium experiments were conducted over the temperature range 91-3°- 
108-7° F. in the manner described above. In each case the yields and 
I.P.T. melting points of the solid and liquid phases were determined, with 
tho results shown in Table 1 below :—

T a b l e  I .

E xp er im en t.
E quilibrium
tem peraturo,

0

% b y  W eight. I .P .T . m eltin g  p o in t.

Solid
phaso.

L iquid
phase.

Solid  
p hase, ° F .

L iqu id  
phaso, 0 F .

1 01-3 89-1 10-9 117-2 91-0
2 06-1 78-2 21-8 119-3 90-0
3 97-9 75-6 24-4 119-8 97-7
4 99-6 72-1 27-9 120-0 99-3
6 103-4 58-1 41-9 122-5 103-2
6 104-5 54-5 45-5 123-0 104-3
7 108-7 33-2 6G-8 125-7 108-0

These results are shown graphically in Fig. 3, which can be provisionally 
considered to represent equilibrium between the two phases formed by the 
wax stock at temperatures within its melting range.

In this figure the ordinate and abscissa represent equilibrium temperature 
and I.P.T. melting point respectively. The “ liquidus curve ” on the left 
was obtained by plotting the I.P.T. melting point of the separated liquid 
phase against the equilibrium temperature, whilst tho “ solidus curve ” on 
the right was obtained by plotting the I.P.T. melting point of the separated 
solid phase against equilibrium temperature. This diagram represents 
graphically the experimentally determined phase relationships. In 
experiment 4, for example, the stock wax was maintained at a temperature 
of 99-6° F., indicated on the figure by point M 1.

The stock wax under these conditions M  was separated into a liquid 
phase L  of I.P.T. melting point L 1 equal to 99-3° F., and a solid phase S  
of I.P.T. melting point S l equal to 120° F. I t  is believed, however, that 
the experimentally prepared solid phases were not entirely free from liquid 
phase retained mechanically in the solid.

The complete removal of such entrained liquid phase is exceedingly 
difficult, and the actual phase separation obtained was the best possible
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with the facilities available, and hence the diagram, while not representing 
true equilibrium, is the nearest possible approach to it. In true equilibrium 
the solidus curve would undoubtedly be displaced somewhat to the right 
of that in the figure.

I f  the equilibrium curve is analogous to that for a continuous series of 
solid solutions formed by two pure components as described in Part I, then 
the diagram should be applicable to a multi-stage removal of liquid at 
different temperatures. Thus, the solid phase of I.P.T. melting point 
119-3° F. from experiment 2 (Table I), if  allowed to attain equilibrium at a 
temperature of 104-5 F., should produce-a solid phase of I.P.T. melting 
point 123-0° F., for in experiment 6 the equilibrium temperature of 104-5° 
F. produced a solid phase of this I.P.T. melting point. Accordingly, the 
solid phases resulting from experiments 1, 2, and 3 were in each case

F i g . 3.

allowed to reach equilibrium at a higher temperature, after which the liquid 
phase was removed in the usual manner. The results of these three two- 
stage experiments are given in Table II (p. 435), under experiments 1(a), 
2(a), and 3(a) respectively.

The results from each of these two-stage processes are summarized in 
Table III (p. 435), and also compared with the appropriate one-stage 
experiment.

I t will be noted from Table III that a one-stage removal of liquid phase 
from the original stock at an equilibrium temperature of 103-4° F. resulted 
in a solid phase of I.P.T. melting point 122-5° F., whereas for a final equili
brium temperature of 103-5° F. in the two-stage process a solid of I.P.T. 
melting point 120-6° F. was obtained. Similar results are observed when 
the solid phases obtained in experiments 2(a) and 3(a) are compared with that 
obtained in a one-stage removal of liquid at the equilibrium temperature 
of 104-5° F.
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T a b l e  II .

E xp er im en t. E x p t.
N o.

E quilm .
tem p .,

° F .

% b y
w t.

Solid.

% b y  
w t. 

Liquid.

I .P .T . 
M .P t. 
Solid , 

° F .

I .P .T . 
M .P t. 

L iquid , 
° F .

F ir st  S tage. E x p t . 1. 
T able I . 1 91-3 89-1 10-9 117-2 91-0

S econd Stago 1(0) 103-5 77-6 22-4 120-6 103-4

F ir st  Stago. E x p t . 2. 
Tablo I . 2 90-1 78-2 21-8 119-3 96-0

Second S tago 2(o) 104-9 85-4 14-0 121-6 104-6

F ir st  Stago. E x p t . 3. 
Tablo I  . 3 97-9 75-6 24-4 119-8 97-7

Second Stago 3(o) 104-5 88-7 11-3 121-4 104-2

T a b l e  I I I .

E x p t . E quilibrium  
tom p. ° F .

Solid  P hase.

% b y  W eight. I .P .T . M elting  
p o in t, ° F .

1 an d  1(a) 103-5* 69-0 120-6
5 103-4 58-1 122-5

2 an d  2(a) 104-9* 66-8 121-6
6 104-5 54-5 123-0

3 and 3(a) 104-5* 67-0 121-4
6 104-5 54-5 123-0

* E quilibrium  tem peraturo o f second stago.

I t  is apparent from these experiments that a two-stage process results 
in a solid phase of lower I.P.T. melting point than that obtained in a one- 
stage experiment on the original stock at the higher of the two equilibrium 
temperatures. The results of the three two-stage experiments are 
illustrated in Fig. 4, in which A B  is the solidus curve of Fig. 3. It would 
appear that an equilibrium diagram similar to that shown in Fig. 3 applies 
only to a one-stage fractional melting process, and that it  is not applicable 
to a multi-stage fractional melting process for the separation of paraffin 
waxes.

The fact that the solid phase obtained in the second stago of a two- 
stage process does not fall on the “ solidus curve ” of the equilibrium 
diagram could be explained by the incomplete separation of the liquid and 
solid phases, some liquid phase being retained by the solid phase, and hence 
lowering its I.P.T. melting point. Assuming that I.P.T. melting point 
follows the mixture rule, the amount of liquid phase retained in this way 
by each two-stage solid may be estimated. Thus, it has been calculated
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that a 10 per cent, retention of liquid (expressed as a percentage of the solid 
phase) would account for the difference in I.P.T. melting point between 
the one-stage and two-stage solid phases obtained at the same equilibrium 
temperature in experiments 1(a), 2(a), and 3(a). In these three experiments 
the phase separations were all carried out in a similar manner at nearly 
constant temperature (103-5-104-50 F.). Equilibrium experiments con
ducted in the same equipment at a constant temperature of 81° F. in 
which the solid and liquid phases were wax and a solution of wax in toluene 
respectively indicated that the percentage retention of liquid by solid phase

F ia . 4.

was, as shown in Fig. 5, a function of the ratio solid phase/liquid phase. 
It will bo seen from this figure that for the same solid/liquid ratios as those 
prevailing in experiments 1(a) to 3(a), viz. 3-5, 5-9 and 7-9 respectively, 
the percentage retention is nearly constant, as was the case with the 
calculated values for these experiments. The actual percentage retentions 
are not, of course, comparable, owing to the differences in the liquid phases. 
This would suggest that retention of liquid phase by solid phase could 
account for the difference between the one-stage and multi-stage “ solidus 
curves.”

Another explanation of the observed phenomenon is possible. In Fig. 4 
the two waxes C and D  have the same I.P.T. melting point—namely, E. 
On heating, wax C begins to melt at temperature T c, whilst wrax D
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commences melting at the higher temperature Tj>. Both waxes are 
completely molten at temperature '1'. Although both waxes have the 
same I.P.T. melting point, they have different melting ranges, wax G 
melting over the range (Tc—T) and wax Dover the range [TD—T), and hence 
different compositions. Even if  the stock wax cpnsisted simply of some 
half dozen w-paraffins, it is obvious that, completely independent of liquid 
phase retention, two solids could be obtained from it having the same 
I.P.T. melting point, but of different composition, and of course different

F i q . 5.
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50
PERCENTAGE RETENTION

melting ranges. It  is conceivable that a very large number of solid phases 
having identical I.P.T. melting points but different compositions could be 
obtained from even such a simple stock. Indeed, it is obviously possible, 
as was explained in Part I, to obtain a very large number of solid phases of 
identical molecular weight, or of identical melting point, density or other 
physical property, but differing compositions. In fact, the only satisfactory 
diagram for representing equilibrium in a system of n components is one 
showing «-1 composition variables or «-1 physical property variables. The 
major reason for the lack of coincidence of the one- and two-stage solidus 
curves is probably to be found in the method of representation, where the 
phases of a multi-component system are inadequately characterized in



terms of a single physical property variable, with retention of liquid pliaso 
by solid phase as an additional complication.

T h e “ S w e a tin g  ”  P ro c e s s  oe F r a c t i o n a l  M e ltin g .

An equilibrium diagram of the continuous solid solution type applying 
to the pure substances A  and B is illustrated in Fig. 0. Consider a mixture
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of A  and B  of composition S  from which a solid of composition S x is to be 
prepared, by two-stage fractional melting over the temperature range 
T  i to T3.

The two-stage process may be carried out in two w'ays. First the 
temperature of the stock may be raised from T x to T 2, and after attaining 
equilibrium, the liquid phase is separated, then the temperature of the 
solid phase E  may be raised to T 3 and the equilibrium liquid phase separated,
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as illustrated by the steps 0  D  E  F  K ,  where the temperature rise 1 \  to 
T 2 is not equal to the temperature rise T 2 to T3—that is, two stages of 
unequal temperature increments have been employed. In the second 
method, illustrated by the steps G G H  I  K , the two temperature rises T x 
to T 2' and 7’2' to T 3 are equal. That is, two stages of equal temperature 
increments have been employed. It is obvious, of course, that the two 
stages of unequal temperature increments can be carried out in a very 
large number of different ways. The first-stago temperature increment 
must, of course, be smaller than the melting range of the original stock, 
otherwise no solid phase would be obtained in the first stage, and the two- 
stage process could not be applied. Similar results would be obtained if

F io . 7.

the second-stage temperature was greater than the melting range of the 
solid from the first stage. The temperature increment applied to the nth. 
stage must therefore always be smaller than the melting range of the solid 
phase obtained from the (w-l)th stage.

In Fig. 7 the yield of a given solid obtained by some of these two-stage 
processes has been plotted against the ratio (T2—T X)I(T3—T 2), from 
which it will be observed that the yield is a maximum when the ratio 
(T2—T x)I(T3— T o) =  1—that is, when two stages of equal temperature 
increments are employed. This is a general rule, and the yield of a given 
solid for an w-stagc process is a maximum when the stages arc of equal 
temperature increments. This particular case is analogous to the multiple 
extraction of a solution with a liquid for which it has been proved that the
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most efficient extraction is obtained when the solvent is subdivided into 
batches of equal volume.5

In Fig. S the yield of a solid of given composition is plotted against the 
number of stages n for an w-stage process, emplojung stages of equal 
temperature increments, from which it will be seen that the yield of a given 
solid approaches a maximum when n approaches infinity, but that this 
maximum yield is closely approximated in a finite number of stages—viz. 12

N U M B E R  OF S T A S E S  (7 1 )

F ig . 8 .

in the figure. Again an analogy exists between this and the multiple solvent 
extraction process, as the results obtained with a finite volume of solvent 
subdivided into a comparatively small finite number of batches approach 
those obtained with a finite volume of solvent subdivided into an infinite 
number of batches.6

In the “ sweating ” process of fractional melting, a mass of solid wax is 
subjected to a gradually increasing temperature over a period of some 
hours, with continuous removal by natural drainage of any liquid phase
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formed, this operation being continued until solid wax of the required 
melting point remains.

I f  in such a “ sweating ” process the temperature is increased at a 
constant rate and the liquid phase is removed as it is formed, then this 
process will correspond to an infinite stage process of equal temperature 
increments. In actual practice, however, the complete removal of the 
liquid phase will not occur at the formation temperature, and, owing to 
such drainage lag combined with non-uniform heating, a lower yield than 
that from the above defined infinite stage or ideal process can be normally

F i g . 9.

expected. An infinite stage process of equal temperature increments could 
therefore ho used as a basis for computing sweating efficiency.

In Fig. 9 A B  and X  Y  are the solidus and liquidus curves applicable to 
equilibrium experiments involving a one-stage removal of liquid phase from 
a wax stock o fl.P .T . melting point <Sand of melting range (b—a). The stock 

.is completely liquid at the temperature b, and M  corresponding to B, there
fore represents the I.P.T. melting point of the highest-melting wax (solid 
phase) obtainable from this stock in a one-stage equilibrium experiment.

Suppose that the stock has attained equilibrium at a temperature 04 
slightly higher than a, and that the result ing liquid phase has been completely 
removed from the solid. The solid phase remaining, represented by point
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A  x on the solidus curve AB, will have a melting point of S v  Now this solid 
phase has a melting range of (fq—«j), and will be completely liquid at 
temperature bv  Also, the highest-melting wax obtainable in a one-stage 
removal of liquid phase from the solid phase represented by A x will have an 
I.P.T. melting point slightly higher than M . Let this I.P.T. melting 
point bo represented by M v  The point B t is therefore defined in reference 
to temperature bl and I.P.T. melting point M v  I t is now clear that the 
solidus curve A B  will apply to the original wax stock only and that another 
curve having A x and B i as terminal points is necessary for the solid phase 
A v  As the new stock A x does not differ greatly from A , the solidus curve 
A XB X will be similar in form to the curve A B .

Suppose now that the solid A x is allowed to attain equilibrium at a 
temperature a2 slightly higher than av  and that the liquid phaso 
is completely removed. The solid phase remaining, represented by the 
point A., on the solidus curve A XB V is of I.P.T. melting point S2; its 
melting range is (b2—a2), and it is therefore completely liquid at the tempera
ture b2. Also, the liighest-melting wax obtainable from A 2 by a one-stago 
removal of the liquid phase will have a slightly higher I.P.T. melting point 
than that obtainable from A v  Let this melting point be represented by 
M z, thus completely defining the point B 2. Thus, the solidus curve A 1B 1 
is not applicable to the solid phase A 2, and another curve A 2B 2 similar in 
form to A 2B V and having A 2 and B 2 as the terminal points, is necessary. 
Similarly for A 3, A it A 5. . . .

If  the transitions from A  to A v  A 1 to A 2, A 2 to A 3, etc., are obtained 
by infmitesimally small equal temperature increments accompanied by the 
complete removal of the liquid phase at each stage, then a curve drawn 
through the points A v  A 2, A 3, . . . will represent the change in
composition of the solid phase in the ideal fractional melting process. I t  is 
clear that as the ideal process of separation consists in completely removing 
the liquid phase at each infmitesimally small equal temperature increment, 
an approach to the curve representing this ideal process may be obtained 
by actually removing the liquid phase in as many stages of equal tempera
ture increment as is conveniently and experimentally practicable, and 
subjecting the liquid and solid phases to the necessary tests at each stage. 
This procedure was therefore adopted.

W a x  Stock.
The wax stock employed in the following work was a blend consisting of 

equal weights of four completely refined Iranian waxes of the following 
I.P.T. melting points: 130-95°, 127-85°, 110-85°, and 108-35° F. The 
resulting blend was of I.P.T. melting point 122-1° F.

Construction of the  F ractional Melting-process D iagram .
Two series of experiments are necessary for the construction of the 

required diagram :—
(«) the determination of the solid/liquid curves representing a one- 

stage melting process, and
(b) the determination of the solid/liquid curves representing a 

multi-stage melting process. Actually a 14-stage process was 
employed, as has been shown in Fig. 8, the results from a twelve stage
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process approach closely to those obtained from an infinite stage 
process for two substances giving an equilibrium diagram of the 
continuous solid solution type.

I.RT MELLTING POINT (°F)
F ra. 10.

(a) One-stage Removal of the Liquid Phase.—The solid/liquid curves 
representing this process were determined at various temperatures 
covering the melting range of the wax stock using the procedure already 
described. In  each experiment the yields and I.P.T. melting points of 
the solid and liquid phases were determined, and the relevant figures are 
given in Table IV as follows :—

T a b l e  IV .

E x p t. N o. E quilm . 
tem p . 0 F .

% by w eight. I .P .T . m oltin g  p o in t.

Solid
phase.

Liquid
phase.

Solid  
p hase, ° F .

L iquid  
phaso, ° F .

8 110-8 92-1 7-9 123-1 110-0
9 112-8 82-1 17-9 123-9 112-55

10 113-0 77-4 22-0 124-7 112-05
11 113-8 72-8 27-2 125-15 113-45
12 114-9 01-1 38-9 120-25 114-55
13 110-4 52-0 48-0 127-3 110-15
14 117-0 40-9 59-1 128-0 117-35
15 119-0 30-4 09-0 129-05 118-05
10 120-8 13-3 80-7 131-55 120-5
17 121-4 8-0 91-4 131-95 121-05
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The results are shown graphically in Fig. 10.
The yield of solid phase was calculated from the I.P.T. melting points 

of the solid and liquid phases obtained in each experim ent:—

414-5 M(«) using the relation T  =  , , where T  is the I.P .T . melting
M  -f-

point in °F. and M  is molecular weight.
(ib) on the assumption that the I.P.T. melting point follows the 

mixture rule. Comparative figures are given in Table V as follows :—

T a b l e  V .

Y ield — % b y  w eight.

E x p t .
N o.

A ctual.
C alculated  

from  
414-5 M  
94-4 +  iU

Differeneo  
betw een  

a ctu a l and  
calcu lated .

Calculated  
from  I.P .T . 

m elting-poin t- 
b y-m ixturo  

rule.

D ifference  
betw een  

actu al and  
calcu lated .

S 92-1 91-4 +  0-7 92-0 +  0-1
9 82-1 8 3 0 -  0-9 84-1 -  2-0

10 77-4 77-4 0-0 78-4 -  1-0
11 72-8 72-7 +  0-1 73-9 -  1-1
12 61-1 62-4 — 1-3 64-5 -  3-4
13 52-0 51-1 +  0-9 53-4 -  1-4
14 40-9 40-4 +  0-5 42-2 -  1-3
15 30-4 29-8 +  0-6 31-4 -  1-0
16 13-3 13-3 0 0 14-5 -  1-2
17 8-6 9-1 -  0-5 9-6 -  1-0

I t  is clear from the figures in the above table that the agreement between 

the actual and calculated yields is closer when the relation T  — — ( i i ~ |/

instead of the simple mixture rule is used for the calculation of the latter.
The yield/melting point graph for the two phases is given in Fig. 11, 

from which it is seen that the yield is a linear function of the I.P.T. melting 
point. For yields of the liquid phase lower than 10 per cent, the I.P.T. 
melting point is slightly lower than indicated by the linear relationship, 
and it is suggested that this may be due to the presence in the wax stock, 
of a small amount of oil, probably contained initially in the wax of I.P.T. 
melting point 10S-35° F., the lowest melting of the four commercial waxes 
comprising the stock. Assume, for example, that the original 108-35° F. 
I.P.T. melting point wax contains 1 per cent. oil. The oil content of the 
wax stock, which contains 25 per cent, of this particular wax, is therefore
0-25 per cent. Now, it is likely that whatever the yield of liquid phase, 
most of the oil would be present in this phase, due to the press method 
employed for the separation of the phases. Thus, liquid phase obtained 
from an experiment in 5 per cent, yield would contain approximately 5 per 
cent. oil. B y comparison with data obtained in determinations made to 
study the effect of the addition of oil on the I.P.T. melting point of a wax, 
it was concluded that the presence of this amount of oil would explain this 
deviation from the linear relation. With higher yields of liquid phase,
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the oil/wax ratio decreases and the effect of the oil on the I.P.T. melting 
point becomes less pronounced until at 20 per cent, yield it is negligible, 
and the linear relationship then holds.

(¿>) Multi-stage (\i-stage) Removal of Liquid Phase.— 98 grams of the 
wax stock were placed in the apparatus and allowed to attain equi
librium at a temperature slightly above the point of complete solidifi
cation of the wax and such that the equilibrium mixture contained 
approximately 5 per cent, liquid phase. After equilibrium had been 
attained the experiment was completed as described previously. The 
liquid phase was allowed to solidify in the Buchner flask and was then 
removed with a nickel spatula. Last traces were removed from the flask

F ia . 11.

with petroleum other; the solvent was evaporated and the traces of wax 
iemaining were added to the bulk of the liquid phase. The solid phase was 
removed from the apparatus, weighed, its melting point determined, 
liquefied, and replaced in the apparatus. The thermostat was then set at a 
slightly higher temperature, such that approximately 10 per cent, liquid 
was present in the equilibrium mixture. After reaching equilibrium, the 
solid and liquid phases were separated in the usual manner and treated as 
described above. This procedure was repeated employing as nearly as 
possible equal temperature increments, until the quant ity of solid remaining 
became so small that it was impossible to continue further. In all, fourteen 
separations were made. Essential figures for each of the fourteen experi
ments are given in Table VI. As far as possible equal temperature 
increments were employed in each succeeding stage, with the exception 

H n
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T a b u ; V I .

E x p t.
N o .

E quilm .
tem p.

° F .

W t. so lid  
p hase  
taken  
gm s.

Solid  phase. L iquid  phase.

W t. % .
I.P .T . 

m olting  
p o in t, ° F .

W t. %.
I .P .T . 

m eltin g  
p o in t, ° F .

18 110-2 97-95 95-6 122-75 4-4 109-85
19 111-0 92-27 97-4 123-05 2-6 —
20 112-7 88-68 94-9 123-5 5-1 112-55
21 114-1 82-23 87-0 124-85 13-0 113-85
22 115-8 70-42 87-8 126-05 12-2 115-5
23 117-1 60-58 89-9 126-95 10-1 116-9
24 118-7 52-11 87-7 128-2 12-3 118-45
25 1200 43-66 90-5 129-1 9-5 119-7
26 121-5 38-68 87-2 130-1 12-8 121-25
27 123-5 32-85 80-3 131-5 19-7 123-25
28 125-2 25-71 78-2 133-1 21-8 124-9
29 126-7 17-53 82-5 134-2 17-5 126-5
30 128-9 13-87 64-2 136-35 35-8 128-6
31 132-4 8-67 57-2 138-6 42-8 132-1

of the first and last two stages, where the actual equilibrium temperatures 
had to be fixed to give sufficient quantities of liquid phase to enable melting 
points to be determined. Within the experimental limitations these 
fourteen stage results are the best available approach to the ideal fractional 
melting process.

The percentage yield of solid phase based on 100 per cent, original wax 
stock may be calculated from the figures given in columns 3 and 4 of the 
table above.

These results are not sufficient for the construction of the complete 
diagram for the 14-stage process, as no information is given concerning the 
I.P.T. melting points of the blended liquid phases. For example, at the 
completion of experiment 20, 88-4 per cent, of the original stock remained 
as solid phase and the 11-6 per cent, liquid phase had been removed in three 
fractions, the I.P.T. melting point of each of these fractions having been 
determined separately. A knowledge of the I.P.T. melting points of the 
blended liquid fractions is desirable, and the fractions were therefore re- 
blended in their equivalent amounts and the I.P.T. melting point of each 
blend determined. Results are appended in Column 5 of Table VII (p. 447), 
in which are also recorded the yield of the solid and liquid phases as 
percentages of the stock.

The I.P.T melting point of the 100 per cent, blended liquid phase should, 
of course, be 122-1° F.—that of the original wax stock— and considering the 
number of steps involved in its determination, the actual figure of 121-95° 
F. obtained for the re-blended stock is very satisfactory.

As the yields of both phases and the I.P.T. melting point of the solid 
phase are known, the I.P.T. melting points of the various blended liquid

414-5 M
phases may be calculated by applying the relation T  — ^   ̂ a

further test of the applicability of this relation, the yields of the phases 
were calculated in this manner from the known I.P.T. melting points.
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T a b l e  V II .

E x p t. N o .

Solid  phase. B lended  liqu id  phase.

Y ield
w t. % 

on  stock .

I .P .T .
m eltin g  p o in t, 

° F .

Y ield  
w t. % 

on stock .

I .P .T . 
m eltin g  p o in t, 

0 F .

__ 100-0 122-1 0-0 __
18 95-6 122-75 4.4 109-85
19 93-1 123-05 6-9 110-25
20 88-4 123-5 11-6 —
21 76-9 124-85 23-1 112-55
22 67-5 126-05 32-5 —
23 60-7 126-95 39-3 114-05
24 53-3 128-1 46-7 —
25 48-2 129-1 51-8 115-30
26 42-1 130-1 57-9 —
27 33-8 131-5 66-2 116-95
28 26-4 133-05 73-6 —
29 21-8 134-2 78-2 118-35
30 14-0 136-35 86-0 —
31 8-0 138-6 92-0 120-4
— 0-0 — 100-0 121-95

The yields calculated on the assumption that I.P.T. melting point follows 
the mixture rule are also given, and the comparative figures for the solid 
phases are given in Table VIII :—

T a i i l e  V III .

Solid P hase, Y ie ld  %  b y  W eight.

S tage.
no.

A ctu al.

C alculated  
from  

r  414-5 M  
94-4 +  M

Difference  
betw een  

actu a l and  
calcu lated .

Calculated  
from  M olting- 

poin t-by- 
m ixture  

rule.

D ifference 
betw oon  

actu al and  
calcu lated .

4 76-9 76-5 +  0-4 77-6 -  0-7
6 60-7 60-7 4- 0-0 62-4 -  1-7
8 48-2 48-0 +  0-2 49-3 — 1-1

10 33-8 34-1 -  0-3 35-4 -  1-6
12 21-8 23-3 -  1-5 23-6 -  1-8
14 8-0 8-6 -  0-6 9-3 -  1-3

It is clear from the data included in Tables V and V III that agreement 
between the actual and calculated yields is closer when the relation 

414.K Jtf
T  =  ——  — is used for the calculation of the latter. The use of this

94-4 +  M
relation is therefore justified for this wax stock, but at the same time it 
will be noticed that there is no very serious discrepancy between the actual 
and the calculated values when the latter are calculated on the assumption 
that the I.P.T. melting point follows the mixture rule.

H 11 2
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L i q u i d / S o l i d  C u r v e s  f o r  F o u r t e e n - s t a g e  P r o c e s s .

The curves plotted from the data contained in Tables VI and V II arc 
shown in Fig. 12.

The yield/I.P.T. melting point curves for the fourteen-stage process and 
also the corresponding curves for the one-stage process are given in Fig. 13. 
Comparison of the two curves for the respective solid phases confirms the 
conclusion already discussed that the yield of solid of any given I.P.T. 
melting point, within the range possible, is higher in a multi-stage than in a 
one-stage process.

I.P.T MELTING POINT ( ° F )
F i g . 12.

The complete diagram, which is applicable to the process both qualita
tively and quantitatively, is given in Fig. 14, and is based essentially on

Figs. 10 and 12, and includes the curve T  — This diagram willM  +  94-4
be considered sectionally.

C u r v e s  A B  a n d  DE.

A B  and D E  represent the solidus and liquidus curves applicable to a 
one-stage separation of the two phases at any temperature within the 
limits of their co-existence. A H  is the stock line, the wax stock having an



I.P.T. melting point of S' corresponding to a calculated molecular weight 
of S". The temperature a corresponding to A  represents the point at which 
the stock just begins to melt when heated. It  is completely liquid at 
temperature b corresponding to B, and the temperature range (b — a) there
fore represents the melting range of the stock. It is found experimentally 
that the liquid phase has, in general, an I.P.T. melting point of 0-2-0-30 F. 
lower than the equilibrium temperature. The liquidus curve DE  may 
therefore bo considered as a straight line only slightly removed from the 
45° line.

THE SEPARATION OP PARAFFIN WAXES. PART IT. 4 4 9

F ig . 13.

These curves may bo applied quantitatively in the following manner. 
Suppose the stock attains equilibrium at any temperature x within its 
melting range, as represented by point S v  The equilibrium mixture 
consists of solid and liquid phases represented respectively by the points 
P  and Q on the solidus and liquidus curves, and having melting points 
of p' and q and calculated molecular weights of p"  and q" respectively. 
The relative amounts of solid and liquid phases at this temperature are 
calculated from the ratio (S " — q")/{p" — S"), from which

  q" \
p"  _  Q") X

/ p "  S " \
and percentage yield of liquid phase =    -y; J  X 100



I.P.T. MELTING POINT

F ig . 14.

equal temperature increments, after each of which the resulting small 
amount of liquid phase is completely removed from the solid. I t  was 
found in the fourteen-stage experiments, as in the single-stage experiments, 
that the I.P.T. melting point of the liquid phase at each removal stage was, 
in general, 0-2-0-30 F. lower than the equilibrium temperature. The change

4 5 0  SAWYER, HUNTER, AND NASH : STUDIES ON

Curves AC, D BF, and DO.

The curves AC, DEF, and DG approach the infinite-stage or ideal 
fractional molting process curves. Curve A C  represents the change in 
I.P.T. melting point of the solid phase during fourteen small approximately
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in I.P.T. molting point of the liquid phase is represented by DEF, where 
DEF  may bo considered, within experimental error, as a straight line. 
The composition of the blended liquid phases is given by the curve DG, and 
this curve therefore gives the I.P.T. melting point of the total blended 
liquid phase corresponding to any solid phase represented on AC.

It is clear that the solid phase changes in I.P.T. melting point along 
A C; the total liquid phase removed changes in I.P.T. melting point along 
D G ; whilst the I.P.T. melting point of the liquid phase being removed at any 
stage of the process is given by the equivalent point on the curve DEF.

I f  as has been suggested this fourteen-stage process approaches the ideal 
infinite-stagc fractional molting process, then these curves may be taken 
as approximately representative of the ideal process curves, and the 
approximate ideal yield of solid phase of any given I.P.T. melting point 
within the range investigated may be readily ascertained therefrom. 
Suppose, for example, that the theoretical yield of solid phase of I.P.T. 
melting point V' is required. This I.P.T. molting point is represented by 
V on the solidus curve AC. I t is assumed, of course, that the liquid phase 
has been removed in an infinitely large number of stages over the tempera
ture range (y — a), and the melting points of the phases removed must 
cover the range from D  to K . The total liquid phase removed has an 
I.P.T. melting point w' corresponding to W on curve DG. The yields of 
solid and liquid phases to be obtained from the original stock, represented 
by the point S2, are calculated as in the one-stage removal. The ratio of 
solid to total blended liquids, is given quantitatively by the relation 
(S" — W") : (F" — S"), from which

percentage yield of solid =  ( ---- ^ 77j  X 100

/ y "  \
and percentage yield of blended liquids =   ̂ X 100

I t  must be emphasized that, owing to the experimental difficulties 
involved in the determination of these curves, only an approach to the 
actual curves representing the change in I.P.T. melting point of the solid 
phase during the infinite-stage removal of the liquid phase, has been 
obtained.

The authors have to thank the staff of the Anglo-Iranean Oil 
Co.’s Llandarcy refinery for their help in supplying materials used in carrying 
out this work.
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T H E  H Y D R O G E N A T IO N  OF P E T R O L E U M
F R A C T IO N S, E M P L O Y IN G  A  L A R G E  P E R 
C E N T A G E  OF CA TA LY ST.*

By H. I. W a t e r m a n , Hon.M.Inst.Pet., and C. V a n  V l o d r o p .

In  the graphical-statistical method of anlysing hydrocarbon mixtures, as 
evolved in recent years in the laboratory for Chemical Technology at the 
Technical University of Delft,1 it is often necessary to convert certain 
fractions by hydrogenation into a completely saturated hydrocarbon 
mixture. N ot only is olefinic unsaturation, such as may occur in cracked 
distillates, removed in this hydrogenation 2 hut at the same time the aromatic 
hydrocarbons are also converted into completely saturated products.

The process is usually carried out by heating the petroleum fraction to 
be examined with 10—20 per cent, by weight of nickel on kieselguhr (1 nickel: 
5 kieselguhr) in rotating autoclaves with hydrogen under high pressure. 
The temperature used for this purpose is generally between 250° and 285° C. 
It has been demonstrated by special research that in normal cases only satura
tion of the hydrocarbons occurs.3 There is no destruction, and the hydro
carbon mixture undergoes no change either in the number of rings or in the 
degree of branching. It  is obvious that if there should be any doubt with 
respect to the latter, we must make sure that the hydrogenation carried 
out under high pressure has solely caused saturation of unsaturated con
stituents, so that no side reactions have taken place.

I f  the catalytic hydrogenation under high pressure, as described above, 
is applied to synthetic products, such as obtained in the polymerization of 
pure unsaturated hydrocarbons or as by-products in alkylation processes, 
the nickel catalyst usually employed will as a rule not decline rapidly in 
activity. The position is different, however, in the case of products 
containing components which cause a marked falling off in the activity of 
this catalyst. Various fractions obtained by the distillation of natural 
petroleums contain such deleterious components. Various sulphur com
pounds are undoubtedly to be regarded as such, and it is also advisable for 
other reasons, to remove such sulphur from the mixture. As a matter of 
fact, it is actually to be regarded as an advantage of catalytic hydrogenation 
with nickel, that as a result of the sulphur being bound by the catalyst 
the reaction products formed, if  not free from sulphur, contain very little 
of this element. As a result, we obtain by catalytic hydrogenation under 
high pressure, saturated hydrocarbon mixtures which can easily and rapidly 
be examined by the graphical-statistical method referred to above. Further
more, these products are completely colourless, and as far as the lower 
fractions arc concerned, homogeneous oils; the higher fractions, though 
likewise completely colourless, may be solid or semi-solid owing, for instance, 
to paraffin wax separating out.

If, prior to hydrogenation, the sulphur contents of the oil fractions to be

* P aper received  12th  A pril, 1940.
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examined are very high, it should be determined in each individual caso 
what effect this removal of sulphur has with respect to the structure of the 
molecular complexes deprived of their sulphur.

Wherever the activity of the catalyst is reduced by the presence of 
deleterious components, the number of times the catalyst has to be renewed 
may become so great as to hamper seriously the practical application of 
catalytic hydrogenation.

The authors have succeeded in eliminating this difficulty by adopting a 
different method, utilizing a very large quantity of catalyst.

Experimental Section.
In this investigation we used a largo number of fractions obtained by 

distillation in  vacuo from crude oils freed from their lighter components 
by ordinary distillation. Below a description will bo given of some experi
ments with fractions of a Venezuelan petroleum. These fractions will be 
indicated by the numbers III, IV, and V (cf. table).

Fraction IV was at first hydrogenated at a maximum temperature of 
about 280° C. with 10— 17 per cent, by weight of nickel on kieselgulir. 
This catalyst contains 5 parts by weight of kieselgulir to 1 part by weight 
of nickel. The hydrogenation was found to proceed extremely slowly, 
despite the fact that for each treatment the catalyst was invariably re
placed by fresh material. No less than twenty-six times was fraction IV  
subjected to this hydrogenation with hydrogen under high pressure. 
Each time the autoclave containing the oil was raised to the maximum 
temperature of approximately 280—285° C in about 1 hour. Thereafter 
there was scarcely any further drop in pressure.* After each such hydro
genation the autoclave was cooled. Strange to relate, despite the twenty- 
six successive treatments, the oil fraction was far from being completely 
hydrogenated. In the meantimo wo had learnt from other experiments 
that this catalytic hydrogenation under high pressure could bo considerably 
improved by using a much larger quantity of catalyst. Consequently, 
we now hydrogenated the oil— still incompletely hydrogenated after 
twenty-six treatments—a further two times with 100 per cent, by weight 
nickel on kieselgulir (1 nickel : 5 kieselguhr) at a maximum temperature of 
300° C. with hydrogen under high pressure. It was surprising to find that 
the hydrogen was absorbed much more rapidly and that a completely 
saturated product was obtained. That this product was saturated is 
evident from the constants inserted in the table. The refractive index, 
nf,0, of the product obtained after twenty-six treatments had fallen from
1-51435 to 1-5000. The specific gravity, d'f, had dropped from 0-9255 
to 0-9018. The aniline point had risen from 02-2° C to 71-2° C. It will be 
seen from the table, however, that the complete saturation caused a further 
great change in the constants. The refractive index fell to 1-4778, the  
specific gravity to 0-8750, whilst the aniline point was about 20° C. higher 
than for the intermediate product obtained after the twenty-six treatments.

We would add that the specific dispersion,  ̂- 7~ . 104, became 154.

* R ed u ced  to  0° C.



This is proof that the final product obtained could actually be regarded as 
completely saturated.4 The aniline point read off from the graph of the 
aniline points for saturated hydrocarbon mixtures 4 was found to correspond, 
for the molecular weight of 303 and the specific refraction of 0-3234, with 
the experimentally obtained value (91° C). Further, this petroleum 
fraction contained an average of 2-2 rings per molecule, whilst it may be 
deduced from the values for the specific refraction and specific parachor that 
this oil has an average of four branches per molecule.

That the favourable result of the hydrogenation is really exclusively 
duo to the large quantity of catalyst finally used was proved by the exam
ination of two fractions, Nos. I l l  and V (see table) obtained from the same 
Venezuelan petroleum. Employing each time 100 per cent, by weight of 
catalyst, we succeeded in completely saturating fraction III in three runs 
at about 280° C. (maximum temperature 290° C.). In the ease of fraction 
V the same result was achieved after four treatments. Each treatment 
usually lasted 1 hr. at the operating temperaturo. The table also shows the 
constants for fractions III and V, both before and after hydrogenation. 
From the values given for the specific dispersion, as well as from the 
correlation between the aniline points read off in the graphs showing the 
aniline points for the respective molecular weights and specific refractions 
and those determined, it is once more evident that the products are com
pletely saturated after hydrogenation. For the rest the results of the 
analyses for the fractions III, IV, and V, both before and after hydrogena
tion, are analogous.

In connection with this investigation the question arose, to what extent 
the use of the large quantity of catalyst would involve a risk of the products 
examined decomposing or changing their structure, since the large quantity 
of catalyst alters completely the consistency of the mixture of oil and 
catalyst. The product acquires the properties of a powder greasy to the 
touch, both before and after hydrogenation. In view of this fact we might 
expect, or at any rate we must take into account, the possibility of the 
product burning or becoming overheated. It has been proved experiment
ally, however, that in an analogous case this danger is non-existent. This 
was proved in the case of fraction V of another Venezuelan oil. The latter 
was hydrogenated by the old method. A thirteen-fold treatment was 
required, whilst when working with the large quantity of catalyst the 
completely saturated product was obtained after three treatments. It may 
he added that in the latter case the product was practically saturated after 
only two treatments. The physical constants showed the two products 
to be practically identical. I t is to be expected, therefore, that in such 
cases the treatment with the large quantity of nickel catalyst will not give 
rise to decomposition processes or changes in structure.

By the above method it is also possible to convert asphaltic residues into 
mixtures of saturated hydrocarbons, the yields being good.

It is remarkable that the hydrogenation is so greatly accelerated by the 
use of the very large quantity of catalyst. It stands to reason that this 
result is important for hydrocarbon research. It is to be expected that in 
certain cases it will also be of technical significance. In this connection wo 
have in mind those cases where the use of sulphur-resisting and poison- 
resisting catalysts in general is impossible. I f  it is possible to use thcso
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poison-resisting catalysts at low temperature, it is unnecessary to adopt 
the above new method employing the very large quantity of catalyst.

In conclusion we should like to express our thanks to Mr. J. van Wijk, 
who carried out a considerable share of the experimental work.

Summary.

In the examination of hydrocarbon mixtures it is frequently necessary to 
saturate these mixtures completely by hydrogenation. I f  the hydrogena
tion is effected with a nickel catalyst, it is in many case3 necessary with 
technical oil fractions to repeat the hydrogenation treatment many times, 
employing a fresh quantity of catalyst for each treatment.

. PETROLEUM FRACTIONS, EMPLOYING LARGE PERCENTAGE OF CATALYST. 4 5 5

Fractions from  Venezuelan Petroleum.*

F raction
H I .

Fraction
I I I

hydro-
genatod.

Fraction
IV .

Fraction
IV

h yd ro
genated .

F raction
V.

F raction
V

h y d ro
gen ated .

M olecular w eight 248 255 304 303 353 351
n 0»  . . 1-4978 1-4689 1-5104 1-4753 1-5187 1-4817
% ‘° . . . . 1-5013 1-4712 1-5143 1-4778 1-5227 1-4843
» i-20 . . . . 1-5099? 1-4771 — 1-4839 — 1-4906
«o -50 . . . . — 1-4820 — 1-4888 — 1-4956
d 2°l* . . . . 0-9036 0-8635 0-9255 0-8750 0-9396 0-8880
n 2 -  1 1 
n 2 -(- 2 ‘ d 
(0; 20° C.)
(n0’ — no) . 10*

0-3262 0-3238

1311

0-3254 0-3234

135

0-3250 0-3224

138

n<r 7  n°  . 10* . . — 152 — 154 — 155J

A niline p o in t : 
D eterm ined , ° C. 58-1 83-5 62-2 91-1 67-0 97-3
R oad o ff from  th e  graph  

for sa tu rated  h y d ro 
carbons, ° C. . 82 91 97£

o20 in  d y n es/cm . 30-91 29-79 31-97 30-60 32-58 31-55
<rl/4
~  (20° C.) . 2-609 2-706 2-569 2-688 2-543 2-669

A verage num ber o f  rings 
from  specific refrac
t io n  :

P er m olcculo 1-96 2-2 2-6
Per m olecular w eight 

100 . . . 0 -75 _ 0-7 _ 0-75
A verage num ber o f rings  

from  specific para- 
chor :

P er m olecule 2-15 2-6 3-1
P er m olecular w eight  

100 . . . 0-85 _ 0-85 - ■ 0-9
A verage num ber of a d d i

tional b r a n c h e s:
P er m olecule 2 4 5
Per m olecular w eight  

100 . . . — 1 — 1 to  2 — 1 to  2

C ollection Chem ical T echnology tin  N o . 8.
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We have now succeeded in considerably accelerating the catalytic 
hydrogenation under high pressure by using a very large quantity of  
catalyst (100 per cent, and more). The oil fractions examined showed no 
decomposition nor objectionable changes in structure. We thus succeeded 
in converting dark and even asphaltic oil fractions or residues into com
pletely colourless saturated products by subjecting them a certain number 
of times to hydrogenation by the new method.
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1231.* R esu lts to  D ate o£ D rilling for Oil in  England and Scotland. W . K auonhow on. 
Oel u. Kolile, 15 .3.40, 36 (11), 99 -109 .— P rosp ectin g  licences issued  b etw een  D ecem ber  
1935 and  Soptom bor 1939 closo ly  cover tho various o il provincos, am oun t to  about  
ono-oighth of tho to ta l area of tho country , and  nro d iv id ed  am ong four eom panios : 
D ’A rcy E xp lora tion  Co. (64% ), A nglo-A m erican  Oil Co. (21% ), G ulf Oil Co. (Groat 
B rita in ) (13% ), and S teel B ros. (2% ).

F rom  tho geological p o in t of v iow , throe oil provinces can  bo d istinguished  : tho  
Carboniferous, tho  Zochstoin, and  tlio  M esozoic (Jurassic and W eald on).

Tho oil show s and tho resu lts o f drilling in  tho S ou th  of E n glan d  M esozoic area nro 
described. T ho ex p lan ation  for tho failure o f tho  borings in  th is  area m a y  b e sought  
in  tho pataogeograp hica l and tocton ic  con d ition s. T heso aro d iscu ssed , and it  is 
concluded  t lia t  th is  failure is duo to  tho lack  of su ita b le  rosorvoir rocks, tho lack  of 
“ sa lt  tec to n ics ,”  and  tho sm all subsidonco of tlio  basin  of sodim ontation  as com pared  
w ith  con d ition s in  N orth -w est G erm any.

T ho Zochstoin o il p rovince is lim ited  to  tho  ex trem e ea st  o f E n glan d  and  is sm all in  
o x to n t. I t s  d evelop m en t is very  sim ilar to  tho Gorman Zoclistein , b u t tho o il show s  
nro u n im portant, and aro confined in  tho m ain  to  b itu m in ous odours in  tho  m id  Zecli- 
sto in  an d  to  raro traces of liqu id  o il. A n tic lin es in  tho Y orkshiro Jurassic aro boing  
te s te d  for tho T huringian typos o f deposit.

Oil show s aro moro froquent an d  im portant in  tho B r itish  Carboniferous. 'Theso aro 
doscribod, o s aro a lso  tho resu lts of tho oarlior drilling in  t lio  M idlands. A fter tho failuro  
of tho Gun H ill and  E dalo w olls, drilled  during tho p resent period, a tten tio n  w as turned  
to  buriod Carboniferous structures su ch  as tho D erb y  an d  N o tts , coal-fields. A  su b 
sid iary an tic lin e on  tho oastorly p lim go of th is basin , in  tho neighbourhood of Holering, 
w as drilled  and gavo an  in itia l production  of 17 to n s /d a y  from  a  45 -ft. san d ston e in  tho  
Low er Coal M easures. On tho  w est sid e  of tho  P en n in es, w hero tho  L ancashire Coal 
B a sin  p lu nges w ostw ards under a  Porm o-T riassic cover, se v en  ou t o f elovon  w ells  a t  
F orm b y found  K eupor Marl im pregnated  w ith  ligh t oil a t  d ep th s of 100-120  ft. 70 
to n s  o f  o il w ore ob ta in ed  from  throo w olls in I I  m on th s. T h is is u n d ou b ted ly  a  socon- 
dary d ep osit, and  dem ands closer a tton tion , w hich , becau se of tho com p licated  co n 
d ition s due to  fau ltin g  and g laciation , w ill in v o lv e  m oro d rilling  an d  geop h ysica l w ork.

C onditions aro difforont in  Scotland , whero oil-im prognatod san d ston es aro inter- 
bedded in  tho oil-shalo series. I t  seem s probable th a t  tho greater p art o f tho  Scotch  
o il is n o t norm al crude, bu t is derived  from  co n ta ct m etam orphism  of tho shales. 
T ho m o st im portant structure there  is tho d ’A rcy-C ousland antic lino. A  sm a ll oil 
production  is ob ta in ed , h u t tho hopo of finding lowor sands has n o t  m ateria lized . 
P rosp ectin g  north  of th e  F o rth  led  to  tho  d iscovery  of an  a n tic lin a l structure at. 
K irkaldy, b u t deop drilling on  th is  h ad  n ot com m enced  a t  tho outbreak  of war.

S. 13. C.

1232.* Greek E xploration. R . G. D row n. World Petrol., Fob. 1940, 11 (2), 23.— Tho  
first w ild ca t drilled  b y  H olis in  Greoco is near th e  Ion ian  sea -coast, on  tho  w est sido o f  
tho P eloponnesian  peninsula , 15 m l. from  P yrogos. I t  is  w ith in  sig h t o f tho island  of 
Zanto. In  ad d ition  to  favourab le geological stru ctu re, there aro num erous surface  
in d ica tion s of o il an d  gas.

O il m anifesta tion s in  Grooco aro m ain ly  in  M iocono hods. In  tlio  tost-w oll oil sh ow 
in gs w ere foun d  m oro th a n  4000 ft . doop, and  tho  sam o area has g iv en  a  gas y io ld  sa id  
to  am oun t to  20 ,000,000 c u .ft ./d a y . G. D . H .

G e o l o g y  a n d  D e v e l o p m e n t .

1233.* Petroleum  E xploration in  Brazil. A non . World Petrol., F eb . 1940, 11 (2), 
26.— In  tho  p a st  20 yoars s ix ty -fo u r  w olls havo b een  drilled  in  B razil in  search  of o il. 
T he m o st favourable areas for oil aro boliovod to  bo th o  A tlan tic  coast sedim entary b e lt  
from  t ho S ta te  o f R io  Grando do N orto  to  tho  S ta to  of R io  do Janeiro, W ostorn Aero near  
tho frontier o f P eru , and tho  Porm o-T riassic b o lt o f Sou th ern  B razil. On tho A tla n tic  
co a st aro fo ldod  an d  fau lted  C retaceous and  T ertiary  b ed s, w ith  traces o f oil in  tho  
C retaceous. In  1939 a  w ell p en etrated  a  C retaceous o il horizon a t  702 ft .
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Tho centre o f  tho Aero region is m ain ly  T ertiary, and there aro a lso  bods correspond
in g  to  th e  petroliferous horizon a t  A guas Calicnt.es in  Poru.

I n  tho B ah ia  R econ cavo  aro Cretaceous san d ston es and  b itum inous sh a les.
G. D . H .

1234.* Nebraska Joins the Oil States. J . A . K ornfold . World Petrol., Ja n . 1940, 
11 (1), 33.— Com morcial o il production  w as first ob ta in ed  in  N ebraska in  N ovem b er  
1939, w lion a  w ild ca t in  tho so u th -east found  o il in  a  Silurian lim eston e. T h e d iscovery  
con  bo a ttr ib u ted  to  th o  reflection seism ograph. T h is w oll topp ed  tho  M ississippian  
lim ostono a t 2029 f t . and  Silurian lim eston e a t  2288 f t .  I n  tho first d a y ’s  p u m p in g  130 
hrl. o f oil wore produced.

G lacial doposits are a t  tho  surface in  th is  area, resting  on  Perm ian  and P en n sy lvan ian . 
Im m odiatoly  undor tlio  M ississippian are Silurian do lom ites. Tho greatest th ickn ess  
of Silurian recorded is  459 f t . O rdovician and  Cam bro-O rdovieian aro k now n to  bo 
p resen t, an d  w ells liavo penotratod  pro-Cambrian sch ist. T ho noarost S ilurian  outcrop  
is  235 m l. due oast, w h ilst  th o  nearest S ilurian production  is 170 m l. to  tlio  south -w ost 
in  K an sas, w hore accum ulation  is tho  resu lt of p in ch ing  o u t o f tho  H u n to n  on  tho  
flank of tho Graber structure. 250 m l. to  tlio  oast is  tho  o ld  Colmar field  o f Illin o is.

T lio  loca l structure o f tlio  F a lls  C ity  field  is a soeondary fo ld  to  tho oast o f tho  T ablo  
R ock  an tic lin e, itse lf  tho  northern oxtonsion  of tlio  N em ah a G ranito R idgo. Tho  
stru ctu re m a y  bo fau lted . G. D . H .

1235.* G eology and Econom ic Significance of M ississippi Oil D evelopm ent. J . A .
K ornfold. World Petrol., M arch 1 9 1 0 ,1 1  (3), 38.— T ho T insloy field is in  tho w est  central 
part o f tho  S ta to . I t  h as oloven  w olls prov ing  an  area o f 1200 acres, and  it s  d a ily  
production  is 2100 brl. I t s  d iscovory lod  to  groat exp loratory a c t iv ity  in  M ississippi. 
Som i-com m ercial production  w as found  a t  Jack son  in  1930 in  tlio Selm a Chalk. In  
1932 dead  o il w a s d iscovered  in  tho  E u taw , near Q uitm an.

T in sloy , opened  in  1939, y ie ld s o il from  th e  W oodruff sand  of tho Selm a Chalk a t  
over 4500 f t .  Thoro is a  sou th erly  p lu ngin g  an tic lin e, apparently  a  tn u iea to d  structure  
of igneous origin, w ith  no  free g a s, an d  a  sand  of variablo th ick n ess. Tho stru ctu re w as  
first in d icated  geo log ica lly  and tlion  choekod geophysica lly .

In  Jan u ary  there w ere six ty -fiv e  geophysical parties a t w ork in  M ississippi— th ir ty  
se ism ic, th ir ty  gra v ity , and  four m agn etic  (in igneous provineo of W estern  M ississippi).

V arious w olls h av e  reached  igneous rocks in  W estern  M ississippi. Som o of tlioso aro 
p ost-early  Crotacoous. A t  J ack son  thoro aro igneous rocks.

T ho Ja ck so n  gas-fiold covers 7500 acres. I t  w as discovered  in  1930 a t  a  d ep th  of 
2430 ft . in  tho  G ulf C retaceous. Som e 84,810,231,000 cu . f t . o f gas havo been  recovered. 
Som o of tho  w olls h ad  an  o il spray.

U n su ccessfu l a ttem p ts  liavo  boon m ado to  ob ta in  o il and  gas p roduction  on  tlio  
broad, gontlo  H atchotigboo antic lino. I n  N orth -oast M ississippi, on  tho so u th -w est end  
of th e  C incinnatti arch, tho M ississippian g ivos gas a t  A m ory (H artsollo  and B e th e l 
sands). T ests  sh ou ld  bo m ado in  th e  O rdovician of N orth-oast M ississippi.

G. D . H .

1230.* W orld Crude Production up 5-59% . A non, l l ’orfd Petrol., F ob . 1940, 11 (2), 
41.— W orld  production  a t  2 ,076,852,000 brl. for 1939 w as 110,265,000 brl. ab ovo th o  
1938 figure. U .S .A . production  incroasod b y  4-3%  and th a t o f tho  rest o f tho  w orld  
b y  7-6% . U .S .A . st il l  provides m oro th a n  60%  of tho to ta l oil ou tp u t. C onsum ption  
seem s to  bo increasing m oro rap id ly  ou tsid e U .S .A . th a n  w ith in .

Illin o is h ad  a  spectacu lar rise to  fifth  p lace  am ongst tho U .S .A . sta to s.
R u ssia  is  s t i l l  second  on  tho  w orld  lis t  o f  producing countries, an d  Y onozuela third. 

There w as a  decline o f 4-9%  In  tho  R um anian  production , w h ilst  th e  to ta l G erm an  
o u tp u t roso b y  21-5% . Saudi A rabia, Canada, E g y p t, and  A lban ia  h ad  m arked  
increases in  oil production . G . D . H .

1237.* Production of Oil in  W estern A sia . A non . Rev. P itro lif., 24 .4 .40  (883), 
236.— T ho region betw een  th e  Caucasus and  th e  In d ian  O cean y ie ld s 46 ,264 ,000  tonnos  
of o il/y ea r . In  1939 Iran  gavo  10,367,000 ton n es, and  is capab le o f tr ip lin g its  o u tp u t. 
A rabia’s production  w as 525,000 tonn es an d  B ahrein ’s  m oro th a n  1,000,000 tonn es.
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S in ce  193G Iraq h a s  averaged  m ore th a n  4 ,000 ,000  tonn cs/yoar. E g y p t  gavo 036,000  
tonnos in  1939 and  tho  Caucasus 29 ,562,000 tonn es. T ho aggregate is  15-6%  of tho  
w orld’s o u tp u t. G . D . H .

1 2 3 8 . *  N ew  Stage in  the Search for Oil by the A .G .I.P .— 1 9 4 0 - 1 9 4 5 .  C. M igliorini. 
Jiev. P itro lif., 27 ,4 .40  (884), 255.— Tho first sta g e  of th e  search for oil in  I ta ly  en d ed  in  
1933, and  a lth ou gh  tho resu lts  wore un im p ortan t com m ercia lly , tho d a ta  obta in od  wore 
of valuo in  d irecting further w ork. I t  w as show n th a t o il p o ssib ilities ox istod  in tho  
P adana va lloy , an d  th a t thoro wore hydrocarbons through ou t tho  A ponninos, and  
esp ec ia lly  on tho A driatic sido. In  tho second  stago tho ad op tion  of rotary  drilling  
prosontod som e d ifficu lties. T ho goological problom s wore s t i l l  far from  co m p lete ly  
so lved , b u t th is  period w as m arked b y  tho d efin ition  of gas-bearing bods a t  P odezano  
an d  B ollena, and a  sm all oil and  gas horizon a t  T ram utola  P oton za . Certain goological 
generalizations becam o clear, and  tho problom s of tho now  stago  of in vestiga tion  aro 
n ow  w oll ¡defined. G. D . H .

1 2 3 9 . *  Oil Struck at Saint-M arcet. G. D iehtor. Rev. P itro lif., 4 .5 .40  (885), 267 —  
T ho P in a t w oll on  tho  Saint-M arcot an tic lin e , w h ich  found a  large vo lu m o of gas in  
J u ly  1939 a t 1520 m ., h as n ow  stru ck  o il. Sevoral o il-bearing bods w ere m ot, and th a t  
w hich  is producing lios 1800-2000  m . deop. Severa l tonnos por hour liavo boon pro
d uced  under a  pressure o f 95 k g ,/c m .-. T ho oil y ie ld s 22%  of gasolino, a lubricating  
o il com parab le to  P en n sy lv a n ia n  bright sto ck , and  4%  of paraffin. G. D . H .

1240.* Oil in  France. A non. Rev. P itro lif., 4 .5 .40  (885), 268.— M ost of tho L anguedoc  
oil in d ication s lio near tho  sou th -oast m argin  of th e  M ontogne-N oire. N oar G abion is 
an  o il soop accom panied  b y  carbon d iox id e  and h ydrogen  su lp h id e. D u rin g  th e  la tter  
part o f tho n in oteenth  cen tu ry  w ells  and sh a fts  w ore p u t dow n in  th is  area, an d  in  
1924 a  w oll on  an anticlino ga v e  an  oil flow from  tho  T rias a t  a  d ep th  of 106 m . Som o  
fifty-sovon  w ells  wore sunk, o f w h ich  fourteen  w ere producers, T ho m axim u m  pro
d u ction  w as 6000 tonn es during 1926. G abian appears to  be tho rem nant o f a  p etro li
ferous area w h ich  w as largoly destroyod  b y  oarth m ov em en ts an d  igneous a c tiv ity .

In  1938 a  w oll a t  P ic  S a in t-L oup  w as in  hard D om orian  lim esto n e  a t  383 m ., and  la y  
b etw een  tw o linos of soeps. A w oll drilled  on Saint-M arcot an tic lin e  aftor geop h ysica l 
w ork found o il im pregnation  a t  800 m . I t  w as stoppod  in b lack  P osyd on om ia  m arls 
below  dolom ites.

A t  Gornios a  w oll w ont to  456 m . and found oil show s, b u t it  w as a ffected  b y  strong  
w ator-flow s.

A  second w oll on  tho Saint-M arcot an tic lin e  found gas a t  1520-1530  m ., w h ich  seem ed  
w et. I t  w as e stim a ted  to  g ivo  200,000 cu . m . o f g a s/d a y . T h is area has m a n y  oil 
show s on  Cretaceous an tic lin es and  noor T rias fa u lts . G. D . H .

1 2 4 1 . *  D rilling in  First Six M onths a lm ost at 1 9 3 7  Level. L . J . L ogan . Oil W kly,
8 .7 .40 , 9 8  (5), 12.— C om pletions in  tho first h a lf o f 1940 wore a lm ost a t  tho 1937 lev e l, 
and  wore 19-4%  ab ove thoso o f tho som o poriod of 1939. 14,911 w olls wore com p leted .
A  ta b le  g iv es tho d eta ils  o f  tho com p letion s for tho first s ix  m onth s— num ber of oil, 
gas an d  dry w ells , an d  in itia l production  of thoso w olls b y  S ta tes .

D ecreased  drilling as com pared w ith  1939 is tho  case in  A rkansas, Colorado, K en tu ck y , 
M ichigan, E a s t  T exas, tho  Corpus Christi, and  San  A n ton io  areas o f S ou th -w est T ex a s, 
a n d  tho T exa 3 G ulf C oast. C om pletions in  C alifornia, P en n sy lv a n ia , N ow  Y ork , and  
I llin o is  wore resp ectiv e ly  27% , 69% , 118% , and 5%  ab ovo tho  1939 figures.

G. D . H .

1242.* T ennessee’s Oil and Gas Prospects. J . H . O verstreet and H . G. M axey. Oil 
W kly, 8 .7 .40 , 9 8  (5), 3 5 .— Oil w as first produeod in  Tonnosseo 120 years ago, b u t fow  
a ttem p ts  h av e  boon m ado to  d evelop  areas in  th is S ta te  sc ien tifica lly . E a s t  T ennossoe  
is  considered tho  lea st favourablo part of tho S ta to  for o il and  gas, on  accou n t o f its  
goological co m p lex ity . Oil an d  gas liavo b een  found in  th e  northern part o f tho  
Cum berland P la tea u  in  tho  M ississippian  a t  shallow  d ep tlis . T he H igh land  R im  
(flanks of tho N ashvillo  dom e) y ie ld s o il from  M ississippian-L ow or O rdovician rooks a t
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sh allow  d ep th s. Thoro aro m inor floxuros, and a  num ber of fields havo boon d evelop ed . 
On tho w h ole  tho w olls aro n o t largo. G enerally in  th e  H igh land  Iiim  region w olls  
located  on closed  structures, according to  approved  m eth od s, prove profitable.

T ho problem s associa ted  w ith  d rilling  w olls in  tho a b ove regions nro described.
Tlio Central B asin  has m ain ly  donso Lower an d  M iddlo O rdovician lim eston es a t  tho  

surface, and no o il or gas has boon found thoro. A  san d y dolom itic  horizon 1 200-  
1500 ft. bolow  tho C hattanooga lias a  few  oil and gas show s. In  W estern T ennessee  
tlio  P alaiozoie rocks dip w est  very  g e n tly  bonoath U pper C retaceous and  T ertiary  
sands and  gravels. Moro than  a  score o f w olls liavo reached tho P aheozoic, som o  
h avin g  oil and  gas show s in tho  U pper Crotacoous and also  in  tho Palaeozoic. G eo
p h ysica l w ork has boon carried o u t in  W estern Tonnossoo, and  tw o w ells w ere drilled  
in  areas w here tho  nature of tho structure w as d oubtfu l. Ono of th e  w olls had oil 
sliow s, and  g eo log ists boliovo th a t botter-placod w olls w ill h avo good  prospocts.

G. D . H .

1243.* U .S. Continues to F ind m any New Fields. Z. IT. M isehka. Oil W kly, 15.7.40, 
98 (0), 15.— D uring tlio first h a lf o f 1910 ab ou t 135 now oil-fields wore d iscovered , and  
now pay h orizons wore found a t tho 1939 rato. T exas has contributed  tho g rea test  
num ber of d iscoveries, thoro b eing tw onty-four now fields and tw en ty -e ig h t now  p ay  
horizons in  th e  sou th . W ilcox  production  w as found a t  8150 f t .,  som o 150 m l. w est  
of tlio noarost producer from  tlio  sam e zone in S ou th  T exas. In  N orth  T exas prolific 
w olls wore com ploted  in  tho B ond  horizon a t  B on ita  and R inggold . Tho Ellenburgor  
d olom ite w as found  to  bo productivo  in  tho K -M -A fiold. F our d istilla te  fields wcro 
oponod on  th e  T exas G ulf coast, and  thoro wore oloven oil and  tw o gas str ik es in  W ost 
T exas.

T hirtoon oil-fiolds woro oponod in  I llin o is . Tho principal factor in  Illin o is produc
tio n  is tho  L ako C ontralia-Salom  field . W ik lca ttin g  is oxpocted  to  increase in tlio  
norlhorn p art o f tho S ta te . N in o  w ild ca t oil strikes woro recorded in M ichigan. Tho  
P ickons field  o f M ississippi, a  now  d iscovery , n ow  has four w olls producing from  tho  
M idw ay a t  4 8 0 0 -4 9 0 0  f t . T on now  fields woro oponod in Louisiana, and there woro 
tw o strikos in  A rkansas. Tho m ain  d evelop m en ts in  California wore tho d iscovery  of 
now  (loop horizons in  proven  areas. O klahom a lias tw on ty  now  fields, m ain ly  sm all, 
and  K an sas tw olvo  now  fiolds and  ton  now  horizons in o ld  fields. N o  now  fiolds woro 
found in  tho  R o ck y  M ountain  d istr ict, b u t thoro woro ex ten sion s to  o ld  fiolds in  
addition  to  tho open ing of now  producing zones.

T lio F orest C ity  basin  o f K an sas, N obraska, and  M issouri lias eom o in to  tlio  lim e
lig h t w ith  tw o producing w olls. G. D . H .

1244.* Centralia D evonian  H its Peak  ; D ecline already Started. H . F . S im ons. Oil 
Oas J . ,  11 .7 .40 , 39 (9), 28.— In  consequence of tho com plotion  of prolific D ovon ian  
w ells a t  tho  northorn ond of tho C ontralia fiold, th is Cold is now  th e  third  largost p ro
ducing area in  U .S .A . H ow ovor, tho doclino soom s to havo se t  in a lready. In  th e  
w eek end ing 29th  Juno 119,000 b r l./d a y  cam o from  tho D ovon ian  lim o and  ab ou t  
5000 b r l./d a y  from  tho B e n o is t. Q uito a  num ber of w olls com o in  a t  m oro than  
10,000 b r l./d ay .

Tlio D ovon ian  production  socm s to  cover about tlio sam e area as tho B e n o is t. A b ou t  
h alf tho aroa is donsoly drilled; b u t th o  northorn ond has a 20-acro spacing. N oarly  
a ll tho w olls m ako w ater— 1-80% , w ith  an  average of 5% . Thoro is a  good w ater  
drive, w h ich  is n o t, how ovor, boing used to  tho host advantugo. W ater  encroachm ent 
lias n o t y o t caused  an y  serious concern.

W olls doclino rapid ly  dow n to  ab ou t 100 b rl./d ay— m any w olls fa ll to  10% of tlioir 
in itia l p roduction  in  10 d ays. T h ey  probably  g iv e  tw o-th ird s of their u ltim ato  p ro 
d u ction  in  tho  first tw o m ontlis.

N o  n ew  T renton  te s ts  liavo follow od tho T renton  d iscovery  a t  Contralia.
A b ou t 10 ,000-12 ,000  brl. of o il/d a y  com o from  tlio  old Illin o is fields ; 10,550 b r l./d a y  

from  tho now  In d ian a  fiolds, and  13,500 b r l./d a y  from K en tu ck y  (m ain ly  from  tlio  
old fiolds). G. D . H .

1245.* Coming M onths m ay be T exas’ M ost A ctive. R . M. Sanford. Oil Oas J .,
11.7.40, 39 (9), 32.— W ild cattin g  st il l  con tinu es vory a c tiv e ly  in  th e  cou n ties bordering
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Uio F ort W orth  basin . T ho H u ll-S ilk  fiold is proving  its  im portance, h av in g  295 
w olls producing from  five horizons and  n o t y o t being fu lly  defined. E llenburger  
production  has boon found a t  -1100 ft. in  K .M .A .

Tlio older fiolds o f N orth  T oxas, Joh n son  to  B urkburnott, P otrolia  an d  N oconn , are 
rolatod to  tho R od  R ivor u p lift . A lm ost a ll over A rcher co u n ty  aro sha llow  fiolds 
a ssocia ted  w ith  stratigrapliic con d ition s a t  th e  northern  ond of tho B on d  A rch. T lio  
M uenster A rch  or buried  m oun ta in  rango of tlio F ort W orth  basin  g iv es fiolds in  Cooko 
C ounty. Thoso fiolds p a y ed  tlio  w a y  to  tho d iscovory of deopor fiolds in  traps w h ich  
woro m erely  dopth  in tensifications of tlio  sha llow  producing structures.

S ince tho d iscovory of five now  fiolds a t  doopor lev e ls  on tlio  n orth -w est rim  of tho  
F o rt W orth basin , oxp loration  lias sproad eastw ards in to  M ontaguo cou n ty .

Tlio W aln u t B ond  fiold has tliirty-fivo  deep  w olls and  is s t i l l  expand ing.
G . D . H .

1246.* H ungary. A non . Oil O a sJ .,  11.7.40, 39 (9), 39 .— A n other producing fiold is 
roportod to h ave beon d iscovered  in  H ungary. I t  lies in  tlio region of Szontos botw eon  
tlio  T isza  and  M aros rivers, an d  is sa id  to  bo capablo o f largo production .

Tho B u d a fa -P u sz ta  fiold is H u n gary’s  ch ief sourco of o il, h av in g  g iv en  2000-4000  
b rl./d a y  during 1939. G. D . H .

1247.* Carboniferous Tertiary D eposits in  the Southern A rgentine and Chile. J . R .
G uinazu. Jlol. Inform. Petrol eras, M arch 1940, X V I I  (187), 16 -71 .— T his is  a  long  
and very  in terestin g  articlo w ritten  in  v iew  of tlio  E uropean W ar, w h ich  threatens to  
doprivo tho A rgontino of a  regular su p p ly  o f  coa l. U p  to  d ato  n o  coal d ep osits o f an y  
im portance h a v e  boon discovorod in  tho A rgontino, b u t lign ite  is found  in  P atagon ia . 
Thoro is also a  sm all lign ito  doposit a t  Cusham on. T hose d ep osits w ou ld  on ly  bo of 
sorvico to tho P atagon ian  railw ays, as tlio co st  of tran sp ort to  B uonos Airos w ou ld  bo  
v ery  h igh . Tlicro aro, h ow ever, further p ossib ilities in  P atagon ia  and in  Tiorra del 
F uogo w h ich  shou ld  bo oxplorod a t a ll co sts . I t  is  suggostod  th a t a  C om m ission bo 
a p p oin ted  to  stu d y  tho w holo question , in  respect to  w h ich  Sr. G uinazu’s papor pro- 
vidos a  valuab lo  contribution . II . I . L .

1248. R ecent Progress in  Petroleum  D evelopm ent and Production. H . C. M iller and
G . B . Shea. U .S . B ur. M ines R ep rin t, 1940.— T his report w as first p resen ted  boforo 
a  sub-com m ittoo form ed to  p rom ote tlio  con servation  of potroloum  in  tho  U n ited  
S ta to s ; to  provido for co-operation  w ith  th e  S ta tes  in  preven tin g  tlio  w asto  of 
p o tr o lo u m ; to  croato a n  offieo o f potroloum  co n se rv a tio n ; and  for othor purposos. 
I t  reflocts progress m ado in  potroloum  production  during tho  five years 1934-1938  
in clu sive . Tlio sign ificant conclusion  is reached  th a t  tho ovorw holm ing trend  in  tho  
industry  is tow ards tho app lication  of sc ience and  ongincoring to  problom s of oxp lora
tion , drilling, and  producing. D uring  tho fivo yoars under rev iew  752 now  oil-pools  
woro discovered  in  tho U .S .A ., of w h ich  it  is estim atod  489 w ill u ltim a te ly  produco  
m oro than  1,000,000 brls. o f o il. A d van ces in  oxp loration  techn iquo aro ev id en t from  
tho fact th a t  tho num ber of m ajor oil-fiolds found b y  sc ien tific know lodgo far oxcoods 
th o se  discovorod b y  w ild cat drilling. M any now  pools aro a lso  b eing d iscovered  in  
areas th a t  form er exp loratory  m eth od s fa iled  to  d istin guish  as oil-bearing.

W olls aro being drilled  increasingly  doopor, and  because o f im provem ents in  oquip- 
m ont and  tech n iqu e it  is n ow  possib lo to  reach doptlis o f nearly  3 m iles in  tho sam o  
tim e as i t  w as possib lo  to  d rill o n ly  som o 5000 f t . a  few  yoars ago.

T ho production  branch of tho  in d ustry  h as bonofited b y  tho resu lts o f a  v a s t  am ount 
of research carried o u t in  o il-com pany, privato , and  G ovornm ont laboratories. T h is  
research has eoncorned p articu larly  rosorvoir pressures an d  tem p era tu res; exam in a
tio n  of subsurfaeo sam p les o f  o i l ; tho w ork th a t  a  g ivon  vo lu m e of rosorvoir fluid can  
porform  w h en  oxpandod from  rosorvoir pressure and  tem perature to  atm ospheric  
c o n d itio n s; tho  problem  of fluid  flow  through  reservoir sands ; th e  “ con n ate  ”  w ater  
contont of o il-sa n d s; and p h y sica l exam in ation s o f  core sp ecim en s o f tho  form ations  
p en etrated  b y  tho w ells .

Thoro is now  a  m ark ed  ten d en cy  in  th o  in d ustry  tow ards m oro econom ic spacing  of 
w olls and  an  incroasod general recogn ition  of tho  fa llacy  of d rilling  m oro w olls in  ono  
p ool than  is ab so lu te ly  nocessary from  tho p o in t o f v ie w  of o il recovery.
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P roration  w as in  tlio  first p la ce  design ed  to  eliock ovor-production  of crude o il, bu t 
it  h as grad u ally  dovelopod in to  a  conservation  m easure. B y  proration  tho  production  
of w olls is  curta iled  and  now  w olls aro n o t perm itted  to  flow  “  w id e op en ,”  w ith  con 
se q u en t w astage of gas and  reservoir energy. I t  h as been  found th a t  pools aro m o st  
olficiontly operatod b y  u tiliz in g  to  tlio fu ll tho onorgy in  tho reservoir. I f  th is  energy  
is  properly  conserved , tho n atu ra l flow ing lifo  o f w olls is  prolongod and  tho neod for 
in sta llin g  p u m p in g  cqu ipm ont is postponed u n til p ractica lly  a ll recoverable o il lias 
boon w ithdraw n from  tlio  pool.

G reat advan tages accrue from  u n itization  of o il-pools, and  it  is  surprising th a t  tho  
p ractice o f op erating a  pool as though  a  singlo ow ner controllod  tlio oil and  gas righ ts  
is n o t m ore un iversal. T ho chiof handicap to  u n itization  is tho barrier to  participation  
caused  b y  “ h o ld -ou t ”  operators, landow ners, an d  ro y a lty  in terests w ho for various  
reasons w ill n o t jo in  in tlio p lan . A  better  understanding of tlio  advan tages of u n itiza 
tion  by both  largo an d  sm all oporators w ou ld  no d ou b t load  to  m oro w idosprcad  
adop tion  of u n it  operation  p lan s. H . B . M.

Geophysics.
1249.* R eflection and Transm ission Coefficients for P lane W aves in  E lastic  M edia.
M. M uskat and  M. W . M eres. Gcophys., 1940, 5 (2), 115-148 .— Thoro havo boon no  
com ploto and  sy stem a tic  ca lcu lations of tho rofloction and transm ission  coefficients 
for piano w aves incidont on  o lastic  in terfaces, a lthou gh  tho equations woro dorivod  
40 yoars ago. S y stem atic  tab les for thoso coofficionts for various typos of intorfacos 
shou ld  m ake it  p ossib le  to  pred ict tho  in te n s ity  of various w a ves croatod a t  a  singlo  
in terface and  also , b y  fo llow in g  each  of tlioso w avos, tho resu ltan t effect of a  stratu m  
as a  w holo . S ix  so ts  o f tab los aro therefore g iven , covering th e  am plitudes o f reflected  
and tran sm itted  lon gitu d in al an d  transverse w aves , their in ten sities , and tho fractions  
of tho incidont onorgy carried aw a y  b y  thorn. A  final tab lo  g ives th o  rofloction  
coefficients for th e  in cidence upon  an  olastic  intorfaco o f transverse w a ves polarized  
norm al to  tho  p iano of incidonco. M ost o f tho resu lts are lim ited  to  anglos of in c i
dence n o t oxcooding 30°, b u t as th is  rango is of greatest intorost in  rofloction shootin g , 
t lioy  sh ou ld  cover m o st o f tho situ a tio n s occurring in  practico. S. E . C.

1250.* Seism ic W ave Energy Reflected from  Various Types of Stratified H orizons.
M. M uskat an d  M. W . M ores. Gcophys., 1940, 5 (2), 149-155 .— Tho am plitudos and  
in ten sities  o f w aves recorded a t  th e  surfaeo cannot bo u sed  as a  basis of in terpretation , 
sinco thoy  aro tho resu ltan ts o f m u ltitu d es o f extran eou s effects superim posed  on  th e  
direct reflection  and refraction  procossos occurring a t  tho horizons boing stud iod . A t  
tho sum o tim e, a  know ledgo of tho  rofloction and  refraction coofficionts ca n  provido  
q u a lita tive  considerations regarding tho p ossib ility  o f g ettin g  sa tisfactory  records 
under g iv en  con d ition s. T w elve  exam p les to  illu strato  th is are w orked o u t, u sin g  the  
reflection and  transm ission  coefficients tab u la ted  in  a  previous papor (soo A b s. 1249).

S . E . C.

1251.* Com putation and Mapping of Seism ic R eflection D ata. M. B . W idoss and  N . A . 
I la sk o ll. Gcophys., 1940, 5 (2), 150-108 .— C om putations basod on  curved  p ath s in  
order to  ovorcom o tlio  orrors in vo lved  in  tho assum ption  of a  stra igh t ray p a th  m a y  bo  
su b ject thom solvos to  even  greator errors b y  tlio  a ssu m p tion  th a t  v e lo c ity  is  a  function  
on ly  o f d ep th . T h is is  especia lly  tho  case w ith  steep ly  d ipping stra ta . A s , how ever, 
su ch  a  v e lo c ity  relationsh ip  is frequontly assum ed  and  in  certa in  casos is true, a  d ip  
equ ation  basod on  th is ru le is  presented . I n  th is equ ation  it  is  assum ed  th a t  tho  
reflecting horizon  is piano ; tho  effect o f curvature of tho surface is therefore d iscu ssed . 
F urther, it  is assum ed th a t  tlio  se ism om eter spread is orien tated  a long tho d irection  
of m axim u m  dip  of tho reflecting horizon , a d irection  w hich  is gonorally unknow n. 
Tho d ip  has therefore to  bo dotorm ined from  d a ta  obta in ed  b y  spreads obliquo to  tho  
dip d irection . T h is m a y  bo done b y  ca lcu latin g  tlio  d ip for each  spread and assum ing  
th is  to  bo tho com ponent of tru e d ip  in  th a t  d irection . A  m ore rigorous trea tm en t, 
basod on  tim o-m aps, is  also g iven . S . E . C.

1252.* Change of R eflection Am plitude and Character w ith  Geophone D epth. H . M.
H ou gh ton . Gcophys., 1940, 5 (2), 169-175 .— E xp erim en ts wore m ade a t four loca-
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tio n s in  O klahom a to  determ ine w hother tho d opth  a t  w hich  a geophono is p laced  
b eneath  tho surface has an  appreciablo offoct on  tho character ond a m p litu d e o f tho  
recorded rofloctions. T ho records ob ta in ed  from  goophonos p laced  a t  d ep th s vary in g  
from  10 to  240 f t . woro com pared w ith  tho record g iven  b y  a  goopliono a t  2 f t .  Tho  
n m p litu d o-d op th  rela tionsh ips had  a  com m on characteristic in  a  rapid  docroaso in  
rofloction am plitudo w ith  a  m oderate incroaso in  d opth . T h is is  u n d oub ted ly  duo to  
an incroaso in  acou stic  im pedance w ith  d opth . E fforts to  correlate am plitu d e and  
character o f rofloctions w ith  tho ty p o  of m ateria l in  w h ich  tho goopliono w as p laced  
woro unsuccessfu l. T h is w as a lso  tlio  caso w ith  a n  a tte m p t to  oquato tho  m otion  
of tlio  goopliono a t  d op th  w ith  m ovom ont causod  b y  w avos arriving from  bolow  p lus 
tho  rofloction of thoso w a ves from  tho surface. T lio  ratio  of rofloction am plitudo  
to  ground unrest rom ninod nearly  con sta n t w hile tlio  gcophono w as low ered, thus  
in d icatin g  a tondoncy for no groat cliango in  tlio  s ig n a l-n o iso  ratio if tho goopliono  
is  p lacod in  (loop lio los. S . E . C.

1253.* R elative Gravity M easurem ents U sing P recision Pendulum  E quipm ent. M. W .
G ay. Geopfiys., 1940, 5 (2), 176-191 .— S p ecia l pendu lum s, ground from singlo  piocos 
of fusod quartz, wore m ado in  order to  es ta b lish  sta tio n s for tho calibration  of gravi- 
m otors. D o ta ils  o f tho design  of tho pendulum s, tw o  of w h ich  aro m ou n ted  in  tlio  
sam e support and  sw ing 180° apart in  phase, aro g ivon  and  d a ta  tabu la ted  in  ordor 
to  illu stra te  tho precision of tho m easurem ents. S. E . C.

1254.* R ecent Progress in  G eophysical, G eochem ical, and Electrical Prospecting  
M ethods for P etroleum . J . B . E b y . Petrol. Enyr, M idyear 1940, 11 (10), 122.— In  
gonoral, tho  m agnotom otor, gravity-m otor, oloctrical prospecting, an d  so il an alysis  
are n ow  regarded as va lu ab lo  reconnaissance m eth od s. Tho torsion  balance is a  
reconnaissance and  dota il in stru m ent. Tho refraction  seism ograph lias boon used  
for roconnaissanco and dotail, b u t its  operation  is oxponsivo, and i t  is  m uch  inferior 
to  tho  reflection  soism ograph for dota il w ork.

T ho m ain  m echan ical dovolopm onts h avo  boon tow ards an  incroaso in  p ortab ility .
Tho U .S .A . geop h ysica l a c t iv ity  is a t  ab ou t la st  yoar’s lev e l.
G oocliom istry is b ein g  w id ely  app lied , ospoeially  in  California, tho  G ulf C oast, 

an d  K an sas. G oochom ical w ell-logg ing  is rocoiving increased  a tten tio n  and a ch iev 
in g  m ore su ccess. G oochom istry has n o t y o t b een  ab le  to  estab lish  criteria to  differ
en tia te  botw oon com m orcial and non-com m ercial accum ulations o f o il an d  g a s ; its  
resu lts aro q u a lita tiv e  ratlior tlia n  q u a n tita tiv e .

C uttings can  bo tostod  goochom ieally , and  th is  shou ld  bo dono w ith in  48 hr. T h ey  
aro te sted  for m otliano, butano, pontane, and  higher hydrocarbons. E x a m p les aro 
givon  of goochom ical w ell-logging, a  process w h ich  doos n o t, how ever, roplaco e lec 
trical logging or core a n a lysis . Tho d a ta  aro rela ted  to  tho presonco or absence of 
hydrocarbons, for thoir inftuonco soom s to  e x ten d  short d istancos la tera lly  and  
vertica lly  boyond tho lim its  of production— i.e ., tho offoctivo d ep th  of tho  w oll is  
increased  b y  sovoral hundred foot, and  its  offoctivo d iam oter b y  an yth in g  up  to  a  
quarter of a m ilo.

E lectr ica l tran sien ts nro n ow  capablo o f deop penotration , and havo boon u sed  
w hore se ism ic rofloctions aro d ifficu lt to  o b ta in . G. D . H .

D rilling.
1255.* D irectional D rilling, Surveying, and Polar Core O rientation. G. L . K o th n y . 
Oil Gas J .,  4 .7 .40 , 39 (8), 40.— T ho reasons w h y  oil-w olls should  bo drilled  as nearly  
vortica l as possib lo arc dotailcd , and a  d iscussion  is g iven , show in g  w h y , if certain  
con d ition s ex is t, d irectional drilling is a ttem p ted  purposely  to  d ev ia te  tho  holo from  
tho  vortica l. B o th  cases, how ever, aro sim ilar, in  th a t  th o y  require froquont and  
accu rate su rveys of tho boro-holo.

In stru m en ts u sed  in  su rvoyin g  w olls are described , thoso  of tho photographic  
recording ty p e s  in  som o d ota il. T ho in terpretation  o f  su rvey  records is then  givon . 
T o know  tho location  of an y  p o in t o f tho courso of a  holo it  is  nocossary to  know
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i t s  true v ertica l dopth , its  la titu d e , and tho o x tcn t o f  its  doparturo from  a  d atum  
p oin t. Tho m eth od  of ca lcu latin g  thoso q u an tities is briofly givon.

D irection al d rilling  using w h ip stock s is n o x t d iscussed , and m ngnotic oriontation  
of doflocting to o ls  is  d eta iled .

F in a lly , tho  pnpor doscribos polar- core oriontation . B y  th is  m oth od  tho d irection  
of th e  d ip  of tho coro sam ple is ob ta in ed  from  tlio  m ngnotic properties th e  sam p le  
acquired  from  tho earth  m ngnotic fiold. Tho in stru m ent w h ich  is doscribod for 
dotorm ining th o  oriontation  oporntos au tom atica lly , is solf-chocking, and oporatos 
oloctrieally . I t  is assom bled  on a  largo oak  tnblo w ith  tho m agnetic  sy stem  on  ono  
ond and tho recording sy stem  on tlio  other. 'The core is hold  in  a  eore-holder, and  
rotates in  a  h orizontal p osition  bolow  un a sta tic  m agnotic sy stem  ono fu ll revo lu tion  
in  a b ou t 30 m in i P hotograph ic records nro taken  b y  m eans o f a  m irror and  sp o t
ligh t for tw o revolu tions, tho secon d  b ein g  in  reverse d irection  of tho first. Tho  
in stru m ent, records, and tho m othod used  in  in terpreting tho charts aro illu stra ted .

A . H . N .

1256.* New Portable R ig  U ses Torque Converter and 90-ft. Folding M ast. T . P . Sanders. 
Oil G a sJ .,  11.7.40, 39 (!)), 53 .— A  tyre-m ou n ted  drilling rig is  doscribod, design ed  for 
6000-ft. drilling, and  u sin g  a  h ydrau lic torque convertor to  com bino steain-ongino  
pow er characteristics w ith  tho p ortab ility  an d  fuel econom y of tlio  in lornal-com bustion  
engine.

A lth ou gh  tho rig is m oun ted  on  a  baso sm all onougli to  travel on tho h igh w ays, it  
incorporates a  90-ft. derrick, w h ich  is raisod and  low ered com p lete ly  in ta c t b y  m oans 
of h ydrau lic cylinders. Tho derrick has a cap acity  of 200 tons, and  tho upper CO f t .  
of it  can  bo rom ovod and carried in d iv id u a lly  if required.

O ther unusual foaturos include hydraulic breakout linos and  a  rotary head  w h ich  
grips tho k olly  ovor a  48-in. longth  to m inim ize w hipping of tho drill stom . A . H . N .

1257.* Oil-field D evelopm ent and D rilling M ethods. K . C. S later. Petrol. Engr, 
M idyear, 1940, 11 (10), 13 -16 .— In  th is roviow of m othods and princip les em p loyed  
in  oil-fiold dovolopm ont tho im portance of w oll-spacing program m os is em phasized , 
b u t it  is  p o in ted  ou t th a t  w oll spacing  is s t i l l  largely docidod b y  arbitrary assu m p tion s  
basod on  p a st  oxporionco. R oforencos nro givon  to  literature dealing w ith  th is as  
w oll a s  problom s of appraising rosorvoir con d ition s, prorntion, otc.

D oop-drilling a ctiv itie s  aro reviow ed. E fforts aro being m ado to  o b ta in  greater  
econom ics in  drilling, and  thoso havo resu lted  in  studios of rato-of-penotration. I t  
w as revealod  th a t  ono-th ird  of drilling tim e w as sp en t on running in  and  o u t o f tho  
h olo , w h ich  fa c t em phasized  th e  im portanco of b it service. Im p rovem en ts in  b its  
h as resu lted  in  a  reduction  of th o  running in  and pu lling  ou t tim o to ono-fifth  tho  
to ta l d rilling  tim o. D rilling  spcod  has increased from  5 ft. to  50 ft./h r . and  b it  
foot ago from  75 f t . to  1000 ft .

T ho Carter coro-barrol is briofly described  and pressure coring is review ed gonorally . 
T his procoss is  s t il l  boing perfected . E lectrica l coring has been im proved  b y  tho  
ad d ition  of sovoral now- dovicos, p articu larly  th o se  dea ling  w ith  testin g  th e  m ud  
stream  co n tin u ou sly  for o il and  gas and sa lt  w ater. A  som ew hat recent sy stem  is 
logging a  w oll w h ilst d rilling  b y  u tiliz in g  tho drilling-string and b it as oloctrodo.

A n  in n ovation  in  w oll-com enting is m ix ing  rad ioactive m ateria ls in  tho cem en t, 
w liich  procoss m akes it  possib lo to  ostim ato tho p osition  of tho cem en t behind  tho  
casing. M othods of reducing channelling  ineludo m ix in g  b en to n ite  w ith  tho  com ont 
and  using cortain  m ochanical contralizing m eans for tlio  casing.

In  w oll-com plot ion practicos, gravel pack ing is now  advocated  as a proper m othod  
of com p letin g  w olls in  u nconsolidated  sands. M ultip lo-sand com plotion  practices  
aro reviow ed, togeth er w ith  tho  uso of drillablo liners for such  purposes. A . H . N .

1258.* A dvancem ent in  D rilling Technique in  California. W . A . Saw don . Petrol. 
Engr, M idyear, 1940, 11 (10), 108.— Thoro w as no now  dopth  record in  California  
la s t  year, b u t 10,000 f t . doop wells h avo bocom o moro com m on th a n  w as prev iou sly  
th e  ease . Speed  in drilling has increased, and tho record is beliovod  to  h avo  been  
brokon.

R o ta tin g  spoeds as h igh  as 750 r.p .m . liavo boon tried , bu t o n ly  ono com p any used  
sp eeds exceed in g  500 r .p .m . R em arkab ly  fa st , stra igh t h o les liavo boon drilled w ith



4 0 6  a a b s t r a c t s .

high  ro ta tin g  speeds, b u t in te lligen t co-ord ination  of eq u ip m en t and tech n iqu e w as  
found essentia l.

I n  surface equ ip m en t, tw o  n ew  draw -w orks o f a  s ize  larger th a n  an y  p rev io u sly  
u sed  h avo  boon p u t in  serv ice during tlio  la st s ix  m on th s. Thoso aro described . 
Tho con tem p lated  uso  of l l - in .  linos h as n o t m ateria lized , and it  appears th a t  I j - in .  
w ill s t il l  bo tho m o st gen erally  u sed  in  doep fiolds. D a to st  ty p o s o f b locks aro co n 
stru cted  w ith  drum s in stead  of sh a fts , w hich fa c t  m akes tho sh eaves v ir tu a lly  rim s 
w ith  largo-diam otor roller bearings. D escrip tion s of other item s aro g ivon  for sur- 
faco eq u ip m en t, inclu d in g  derricks, rotaries, boilers, e tc .

A s h igh  pressures and  largo vo lu m es of circu lating  fluid liavo  b ecom e nocossary in  
deop-drilling oporations, thoro has boon a  ten d en cy  to  uso as largo a  d iam oter drill 
p ip e as is p racticab le. A  5 /^ -in . d rill p ipe is freq u en tly  em p loyed  to  d ep th s ran g
in g  from  8000 to  10,000 f t .  T h e u se  o f long d rill collars to  givo w eigh t ju st  above  
tho b it, and  th u s keep  a ll  tho drill pipo in  tonsion , h as boon an  im p ortan t factor in  
kooping liolos stra igh t.

M ud fluids u sed  liavo  n o t boon ex cessiv e ly  h ea v y . P rob ably  tho  g rea test w eigh t 
b ein g  carried is 100 lb ./cu . f t . ; how ovor, tlio  average is on ly  7 8 -85  lb ./cu . f t .,  and  
w eigh ts abovo 90 lb . aro uncom m on. W eigh tin g  m ateria l is  om ployed . Chem ical 
trea tm en t is  m o st w id ely  app lied  for deflocculation  and red u ction  of v isco sity . T w o  
of tho com p lex  p h osp h ates are usod, totrasod ium  pyrophosphate and sodium  tetra-  
p hosphate.

T w o now  dogassors h avo  boon p u t in to  Service, and  thoso aro doscribod. A . H . N .

1259.* D rilling Tim e Studies. H . L . F lood . Petrol. Engr, J u ly  1 9 4 0 ,1 1  (11), 2 3 -2 4 .—  
D rilling-tim o stud ios in v o lv e  no com plications oither in  apparatus or d rilling  practice. 
T h ey  im poso on’ tho driller th e  routine job  of recording tho  tim o required to  drill a  g iv en  
num ber of fee t o f holo. T ho u su al procedure is to  n o te  th e  tim o required to  drill 
2 f t .,  5 f t .,  or 10 f t .  o f holo. R ead in gs tak en  a t  theso  in terva ls gen era lly  resu lt in  a  
drilling log  o f sufflciont accu racy  to  d isclose in form ation  concerning tho form ations  
drilled , an d  servo os a roliablo check  on  cores takon  period ica lly  or on  tho  resu lts of 
olectrical logs.

Charts are reproduced correlating drilling-t.im o curves w ith  electric logs for a  w ell, 
and variations in  drilling tim o aro sup p orted  b y  ev id en ce from  tho  electric  log  to  
show  th a t  a  p a y  sand lias boon p en etrated . A . H . N .

1260.* U se o f B u lk  Cement in  W ells. A non . Petrol, Engr, J u ly  1910, 11 ( I I ) ,  74.—  
T h e uso of large-capacity  cem en t hoppors is  ad vocated  as reducing tim o required to  
m ix  and p lace  slurry in  deep  w o lls. A . H . N .

1261.* D rilling F ootage near Peak  as W ells go Deeper. A non . Oil W kly, 15.7.40, 
98 (6), 19 -20 .— S ta tist ica l d a ta  are presented  for drilling a c t iv ity  an d  d ep th s reached  
th is  year. Averngo d rilling  d ep th s show  an  increase a s  com pared w ith  la st  year.
T he to ta l foOtage is  increased  b y  greater avorago dop th s an d  also  b y  an  incroaso in
th e  num ber of w olls drilled . A . H . N .

1262.* D epth M easurem ent by M eans of M ultiple-Strand W ire L ines. H . E . G ross 
and J . P . H a y s. Oil Wkly, 22 .7 .40 , 98 (7), 13-17 . Paper presented before American 
Petroleum Institute.— T h e tolerance betw een  tho various m otliod s o f d opth  m easure
m en t shou ld  bo 1 f t . in  tho first 4000 f t . ,  and  sh ou ld  n o t incroaso m ore th a n  1 f t . /  
ad d ition al m ile  d ep th . C reator d iscrepancies sh ow  poor w orkm anship.

Tho cab le is a lw a y s under fu ll tonsion  of its  ow n w eigh t, as it  is  low ered, an d  thoroforo 
n o  correction  for stretch  n eed  bo app lied  w h en  strin g in g  in . A s  a  p ipo is u su ally  
m easured  as i t  stan d s on tho rock, th is  fa ct does n o t a p p ly  to  tho  caso of d opth  m easure
m en t w ith  a  pipo. E lon gation  correction  duo to  tem perature is cu stom arily  ignored  
in  d ep th  m easurem ent.

S tandard  rigs, cab le-tool drilling m ach ines, and  spudders em p loy  tw o m ultip lo-strand  
w ire linos for drilling a  w ell. In  d op th  m easurem ents it  is  b o th  tim o-eonsum ing and  
im practicab le to  m easure tho entire len g th  of tho  w ire lin e. T ho appropriate procedure  
is  to  m easure v ery  carefu lly  tho  d istan ce  over tho derrick b etw een  “  fixed  p o in ts ”  a t
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tlio w ire-line spool on d  a t  tho w oll-lioad. T h is d istan ce  is the  “ yard stick  ”  for su b 
seq u en t m easurem ents. Tlio m easurem ent over tho derrick is b est obta in ed  in  calm  
w eather, preferably ab ou t sunrise.

T ho authors describo in  dotail and illu stra te  b y  d iagram s tho  dota ils of tap in g  ovor 
and  of m easuring w ith  sand-lino, drilling-line, spuddor, and  w ith  portablo drilling  
m acliinos. A ccu racy  is stressed  in  a ll operations.

In  casos of rotary d rilling  u n its  tho coring lino is used  in  a  sim ilar m anner to  tho  
sand  lino. F in a lly  tho  specia l m eth od s pecu liar to  oloctrical logging, gun-porforating, 
and w ell-sliootin g  oporations resp ective ly  are discussod. In  thoso casos orrors in 
herent in  cou n tin g  m ech an ism s resu ltin g  from  inertia  slippago and incorrect d iam oter  
of th e  sh eaves and  linos require ad ju stm en ts to  tlio  positivo  and preciso m easurem ents  
th a t sh ou ld  bo ob ta in ed  w ith  tlio  drill p ipo or cab le . A . II . N .

1263.* Factors Influencing the Bond betw een O il-w ell Cement and the Form ation.
P . H . Jonos an d  D . Bordino. Petrol. World, Juno 1940, 37 (G), 26. Paper presented 
before American Petroleum Institute.— Comont channelling and factors influencing tho  
bond botw oon sot com ont and  form ation  woro in v estig a ted  in  a  sorios o f  forty-tw o  
te s ts  u sin g  re la tiv e ly  largo-scale apparatus s im u la tin g  cond itions prevailing  during tho  
cem en tin g  o f o il-w ells . Tho ex ten siv e  paper is w oll illu strated  p hotograph ically .

I t  is  concluded  th a t  ch an n elling  an d  ch im ney  form ation  of com ont in  th e  annulus aro 
unlikoly  in  tho  im m odiato  region of tho shoo, b u t m a y  occur near tho top  of tho  com ont 
colum n.

W herever com ont slurry is appliod  o p p osite  form ations h a v in g  approciablo por- 
m oability , a  residual m ud  cako w ill rem ain betw oon tlio  sot com ont and tho form ations  
unloss specific m ean s aro em p loyed  to  effect its  rem oval. T ho presence o f collars, 
m o v em en t o f casing, or circu lation  of w ater m a y  slig h tly  reduce tho th ickn ess o f tlio  
m ud cako, b u t w ill  n o t rem ove i t  com p lete ly .

"Whore casing  rests  aga in st tho w a lls  o f tho holo, residual cakos w ill bo th icker than  
norm al. Thoro is a ten d en cy  for th e  com ont slurry to  bo exclu d ed  from  su ch  regions 
o f p rox im ity , th u s lea v in g  lon gitu d in al stringers o f m u d  cako w ith  n o  cem en t betw oon  
tho casing  an d  tho form ations.

T hree m oth od s wore found  offoctivo in  rem oving m ud  cakos : (1) H yd rau lic  action  
b y  diroct im pingom ont o f fluid  jo ts (such as th a t  inducod b y  dow n-w liirlor shoos) 
a ga in st tho  w a lls of tho  holo. (2) M echanical scraping b y  u sin g  su itab lo  m oclianical 
d ev ices on  tho  casing. T h is is  e ffec tiv e  o n ly  ovor aroas w here scrapors or scratchors 
m ake a  bearing on tho w all o f tho holo. (3) A cid  trea tm en t gavo  b est  resu lts under  
atm ospheric pressure con d ition s. L aboratory to sts  a t  h igh pressure in d icato  b u t do  
n o t prove th a t  offoctivo m ud-cako rem oval im dor theso cond itions m ay  bo obtained .

A . H . N .

1264.* R otary D rilling Mud T esting and Control. J . A . M cD onough and  C. F . B onnot. 
Petrol. World, J u ly  1940, 37 (7), 36.— Tho paper doscribos tho im portan t proportios o f  
m u d ; m oth od s for test in g  aro g ivon , an d  practices aro outlin ed  for m aintain ing m uds  
in  con d ition  for fa st  an d  safo rotary  drilling. Tho properties stu d ied  are w eigh t of 
m ud, w ater  lo ss and  cako th ickn ess, san d  co n ten t o f m ud , gol stren gth , p H  valuo, and  
sa lt  co n ten t, and  fina lly  v isc o sity  and  chem ical trea tm en t o f m uds. In  each  caso a  
vory b rief ou tlin e  o f tho sign ificance o f each  p roperty  is g iven , fo llow ed  b y  ty p ic a l 
characteristics of a  w oll-conditionod  m ud and a briof descrip tion  of tho  m oth od s or 
apparatus usod in  assessin g  tho characteristic q u a n tita tiv e ly .

Tho paper is  d escrip tive  and  generalized  in  trea tm en t. A . H . N .

1265.* Technical Trends. A non . Petrol. World, J u ly  1940, 37 (7), 48.— T ho effects  
of w ator from  tho d rilling  m ud  on tho  form ation  drilled  aro d iscussod  and an  oil-baso  
drilling fluid is doscribod. T h is fluid is  m ado up of 55%  38° s to v e  o il, 30%  ground  
ca lciu m  carb on ate (95%  through  200 m esh ), 5%  lam p-b lack , and  10%  air-b low n  
asp h a lt. Tho reason  for incorporating lam p-black  is to  keep  th o  ca lcium  carbonato  
in  susponsion  for w eigh tin g  th e  fluid  and for u sin g  asp h alt is  to  b u ild  a  th in  cako on  tho  
w a lls . T hoso w olls drilled  w ith  oil-baso fluids in  tho holo show ed a  bottor p rod u ctiv ity  
in d ex  th a n  thoso drillod w ith  norm al c la y  fluids.

A now  pipe-thread  lubricant is doscribod. I t  con sists o f 50%  alum inium  soap  grease  
and 50%  graphite . Tho characteristics and  specifications o f th e  lubricant aro givon .
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A  now  cem en tin g  procoduro ad op ted  recen tly  show ed  good resu lts . Tho slurry  
con sisted  of 50%  com ont and  50%  calcium  carbonato. A fter se tt in g  tho  com ont tho  
casing  w as perforated  in  fivo d ifferent zonos w ith  in h ib ited  acid  stratified  again st the  
perforation  zonos. T ho acid  follow ed tho b u llets in to  tho com ont, thu s d isso lv ing  tho  
sh attered  p articles and  en larging tho drainage areas. T h is cem en tin g  procoduro w as  
used  in  tho com plotion  program m e of a  w e ll. A . H . N .

1266.* Effects of Acid on  Mud Cakes. A non . Petrol. World, J u ly  1940, 37 (7), 51. 
— In  tests  perform ed to  show  the  effoct o f hydrochloric acid  on m ud under h ig h  p res
sures a  sm a ll pioco of m ud  w as separated  from  tho acid  b y  a  cellophano d iaphragm , 
b o th  m ud  and  acid  being in  a  pressure cham ber fitted  w ith  a  g lass w indow  and th e  
necossary in stru m ents to  m ain ta in  an d  m easure tho pressure and  tem perature o b ta in 
ing in  tho coll. Tho diaphragm  w as ruptured and  tho effects o f tho acid  w ere v isu a lly  
observed  and rocordod p h otograp h ica lly . F iv o  ty p e s  o f m ud w ere tested .

T h e conclusions reached aro : (1) A cid iz in g  m ud cakes breaks d ow n tho colloidal 
character o f  tho cakes an d  g iv es thorn a  granular stru ctu re . (2) T lio  ad d ition  of an  
acid  solublo con stitu en t— i.e., ca lcium  carbonate— to tho m u d  h asten s tho floccu lation  
of tho cako w ith  acid , p robab ly  b ecause th e  acid  ponotrates m oro e a s ily  as tho solublo  
con stitu en t is  rem ovod. (3) Calcium  carbonato w ill d isso lve  in  15%  hydrochloric  
acid  under 1000 lb ./sq . in . pressure. T lio  carbon d iox id e  ovo lvod  in  tlio  reaction  is 
com p lotcly  d isso lved  in  tho  w ater  p resen t. A . H . N .

1267.* Conditioning D rilling Mud. F . C. B ow m an . Petroleum World, J u ly  1940, 37 
(7), 5 3 -5 4 .— S ix  requirem ents aro considered of fun d am en ta l im portanco in  drilling  
m ud s, and tho offects o f add ing  sodiiun  pyrophosphato  to  tho m ud on  tho  properties 
of m ud  connoctod  w ith  thoso requirem ents are stu d ied . T heso requ irem ents are, in  
brief : (1) T ho fluid  m u st lu bricate tho  d rill b it . (2) I t  m u st h o ld  tho cu ttin g s in  
su sp en sion  u n til i t  roaclios tho surfaco. (3) I t  m u st a llo w  tho cu ttin gs to  se tt le  ou tsid e . 
(4) I t  m u st bo h e a v y  enough to  p reven t b low -ou ts o f gas under pressure. (5) I t  m ust  
provide a  sea l for tho  form ations. (6) I t s  v isc o s ity  shou ld  bo su ffic ien tly  low  to  m ake  
ea sy  p um ping  an d  so ttlin g  o u t.

T ho a d d ition  of pyrophosphato  of sodium  h elp s in a ll th ese  requirem ents, oxcop t item  
(4), whore tho w eig h t o f tho fluid is n o t affected  to  a n y  appreciab le e x te n t . Tho  
q u a n tity  o f sod iu m  pyrophosphate used  is popularly  se t  a t  1 lb ./f t . drilled . In  a  10,000- 
f t .  woll largo q u an tities  aro ov id en tly  used . A . H . N .

1 2 6 8 *  L ooking to the 20 ,000-ft. W ell. E . K . P ark s. WorUl Petrol., J u ly  1940, 11  
(7), 4 6 -5 3 .— T ho papor co n stitu tes an  inquiry in to  tho p h ysica l and oeonom ical lim its  
of d ep th s to  bo reached  in  oil-w oll d rilling . In  stu d y in g  tho o b stacles to  reaching a  
20 ,000-ft. dopth , tho d rilling  oxporionco ob ta in ed  in  (h illin g  to  15,000 f t . is  an alysed . 
T ho lim ita tion s appoar to  bo : (1) Tho holo m u st bo stra ig h t. (2) T h e m ud m u st bo 
co n sta n tly  con tro lled  in p h ysica l character. (3) T he w ire ropo u sed  in  h o istin g  drill 
pipo from  15,000 ft. is  ex cess iv e ly  loaded . (4) T ho 31 -in. drill pipo a t  15,000 f t . is loaded  
to  tho lim it  o f its  ten sile  stren gth  under norm al con d ition s, a llow ing  no m argin for ex tra  
p u ll in  case o f om orgoncios. (5) C asing for th o  w ell so ts  lim ita tio n s in  th e  clearances  
necessary b etw een  cosing  and  other item s in  tho  w ell. E ach  item  is d iscussed  
soparatoly.

In  tho  engineering se c tio n  tho  h igh  tem peratures encountered  w ith  d ep th s w ill  
create  d ifficu lt problom s. T ho effects o f h igh  tem peratures an d  pressures w ill bo 
p articu larly  sovcro in  m ud  con d ition in g , in  considerations o f corrosion of m ota ls , and  
in  com onting.

In  production  p ractice, as so o n  os natural flow  ceases, tho  procoss bocom os e x 
pen sive , especia lly  if  com p licated  b y  em u lsion s, sand , w ater, w ax , e tc .

A  stu d y  is m ado of w oll spacing, cost o f drilling, and  econom ics o f su ch  a  project. 
F in a lly , i t  is  concluded  th a t : (1) A w e ll 20 ,000 ft. deop appears n o t o n ly  as a  p oss i
b ility  b u t as an  approaching rea lity . (2) Tho chances for profit under present con d ition s  
are so  narrow ed th a t  th e  20,000-ft . w oll m ay bo ex p ected  o n ly  as a  resu lt o f som o  
ex ten d ed  p rosp ect. (3) Thoro is no technological reason w h y  su ch  a  w oll shou ld  n o t  
produce o il an d  gas a t a com m ercial rate. (4) D evelop m en t o f a 20 ,000-ft. oil reservoir  
w ill require great goological sk ill and  con sta n t exp ert engineering su p erv ision , in order
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to  roduco tho e lem en ts of chance. (5) T ho high yio lds required for a  p a y -o u t w ill 
grea tly  restr ic t tho num ber of w ells to  bo drillod in to  a  u n it rosorvoir. (6) T ho high  
y ie ld s required w ill ten d  tow ards an  oxten sion  of tho p ay-ou t poriod. (7) Tho great  
co st w ill require m inim um  royalties and  a  reasonable assessed  va lu a tio n  on  tlio  d is
covory  h old ings in  order to  avo id  confiscatory ta x es . (8) Tho co st w ill d iscourage  
com p otition  and oncourago u n it operation  of tho doop-woll fiold. A . H . N .

1269.* D rilling  Conditions in  Turner V alley. V . T aylor. World Petrol., J u ly  1940, 
11 (7), 6 8 -7 1 .— A voraging b u t 41 f t ./d a y  and  som etim es go ttin g  as litt lo  as 2 ft . per  
b it, novcrtholoss an  a c tiv o  d rilling  cam paign  continues in  Canada’s Turner V a lley  
o ven  in  oxcessivo ly  co ld  w oather. Som o 96%  of Canada’s dom estic  production  of oil 
com os from  th is  fiold.

D rilling  oquipm ent and  praetico aro doscribod. S team  is used  on a ll rigs, as thoro 
is  an  abu n dan t su p p ly  of w ater an d  gas. R ock  b its  aro usod oxclu sivo ly .

Cortain preparations aro m ado for w inter drilling oporations. Tho derrick is covered  
in  as m uch  as possib lo  and stea m  heaters aro usod o x ten siv e ly  in  order to  provont 
freozing of various parts o f tho  oquipm ont. I t  is ossentia l to  b low  o u t a ll m ud-linos  
and  w ator-linos w ith  stea m  w h en  n o t in uso, and it  is a lso  necessary to  h ook  up rat 
holo so th a t  circu lation  can  bo m aintained  through tho kolly  w hon it  is  n o t in  uso. 
C onsiderable oxpenso is  th u s en ta iled  in  rigging up for cold-w eathor drilling.

A . H . N .

1270.* D eeper D rilling R equires Im proved Instrum entation. G. L . K o th n y . World 
Petrol., J u ly  1940, 11 (7), 7 0 -8 1 .— In  tem perature m easurem ents of (loop h o les, charts 
sh ow  th a t  tho  “  out-run ” su rvey  curvo is a lw ays h igher than  tlio  “ in-run ” curve. 
T his is probab ly  duo to  tho tim o lag , as tho in stru m ent w ill record tho tem perature of 
th e  air im m ed ia te ly  surrounding i t  w ith in  tho  p ro tective  casing, and tho tem perature  
of th is air is  m a ter ia lly  lowor th a n  th a t  o f tho woll fluid or casing. T he m axim um  
tem poraturo recorded in  tw o charts w as on  tho out-run, and  a t a p o in t 2000 ft . abovo  
tho b o tto m  of tho w ell in  b o th  casos.

S urvoys m ado w ith  m u lti-sh ot in stru m ents in  w hich  a  m agnetic com pass is used for 
recording tho d irection  m ay bo subjoct to  erroneous recording, duo to  m agnetic fields 
and influences from  sources other th a n  tho earth . A  chart is w orked ou t g iv in g  tho  
correction to  bo appliod  to  recordings boeauso of tho inclin ation  of drill p ipo, tub ing, or 
sinkor bars o f various longtlis and  in clin ation s and  possessed  of a  m agnotic polo  
stren g th  of 300 E .M .U . Furtlior, a  ta b le  is g ivon  for errors duo to  tho in clin ation  of 
tho instrum ont rolativo  to  tho a x is  o f th e  drill p ipo or easing. Rulibor star-sliapod  
gu ides help  to  m inim izo th is  source of orror.

In  d irectional d rilling  it  is  noeossary to  find tlio  oriontation  of tho deflecting tool. 
A  now  an d  su ccessfu l m agnotic  m oth od  of oriontation  is doscribod and  a  soctional 
draw ing of tho instrum ont is  g iven . T h is is c la im ed  to  havo tho advantagos of speed , 
choapnoss, accuracy an d  solf-chocking, and  of sav in g  rig tim o.

F in a lly , core oriontation  is fu lly  discussod , tho  instrum ents u sed  aro illu stratod , and  
a  sp ecim en  report is  prosonted. Coros w hich  havo Ueon stored  for severa l years in  
tho core sam plo-room , as w e ll a s coros sh ipped  from  foreign lands m oro th a n  10,000 
m iles d ista n t, h avo boon su ccessfu lly  oriented  by th is m eth od . Tlio procoss uses tho 
m ngnotic-coro oriontation  m oth od . A . H . N .

1271.* H ydraulic Couplings in  F ield  A pplications. M. T . Arclior. World Petrol., 
J u ly  1 9 4 0 ,11 (7), 81—85.— Tho sim p lest form  of hydraulic coupling is tho traction  typo. 
T ho nature o f tho rotary  drilling, how over, im poses tho n ecessity  for speed  control 
ovor a  considerable rango b o th  a t  tho  tablo  ond  a t  tho slush -pum ps. Such  control 
can  h o st bo secured  b y  using tho variablo-spood couplings, preferably tho recently  
in trodu ced  scoop-control typo.

In  con n ection  w ith  m ud p um ps, a  safoty  factor is  provided  b y  using tho coupling. 
Sinco tho pum p sta lls , tho ongino nood n ot s ta ll too , as tho coup ling w ill s lip  100%  
w ith o u t overload ing tho ongino. T ho coup ling w ill n a tu ra lly  d issipato  b y  convection  
ap p roxim ately  7 -10%  slip  w ith o u t ovorhoating tho o il. A llow anco for h igher slip  is  
m ado b y  w ater  cooling.

W hon h o istin g , tho instantaneous load  is sovoro and tho slip  o f tho coup ling m ay be  
tem porarily  groat, b u t tho short h o istin g  cyclo  is fo llow ed  im m ed iate ly  b y  an id ling
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cy c le  w hich  p erm its cooling su ffic ien tly  to  offsot tho overloading. N everth eless, i t  is 
deem ed  a d v isab le  to  p rovid e cooling b y  au x iliary  m eans, as tho rotary tab lo  is  con
n ected  to  tho h o istin g  ongino in  tho m ajority  o f cases.

L a y o u t o f various ty p ic a l in sta lla tion s and  oxperioneo ga in ed  in  d ifferent fields are 
doscribod. A . H . N .

1272.* F lu id  Coupling Applied to  R otary D rilling Equipm ent. G. V. D a v ies . World 
Petrol., J u ly  1940, 11 (7), 8 0 -8 9 .— T ho in trodu ction  of fluid  coup ling, th o  V u lc a n -  
Sinelair ty p o  a t  first, in to  rotary  d rilling  equ ip m en t has ovcreom o m o st o f tho  diffi
cu ltie s inherent in  tho  uso of in tern al-com b u stion  en gin es. T h is fa ct is  duo to  tho  
fo llow in g  essen tia l characteristics : a  p ractica lly  com p lete  con n ection  and  d iscon 
n ectio n  o f tho d rive  w ith  a  co n tin u ou sly  running e n g in e ; a  p erfect cush ion ing m ed ium , 
sinco pow er is  tra n sm itted  b y  v irtu e  of th e  k in etic  energy  of th e  o il circu lating  in  tho  
coup ling, thu s dam ping o u t torsion al v ib ration s from  tho ongino an d  absorbing shock  
loads from  tho driven m ach inery ; a  co m p lete ly  sm ooth  tako-up sim p ly  b y  accelerating  
tho  engine and allow ing  tho lo a d  to  bo p icked  grad u ally  w h ile  running ; an a b ility  to  
tran sm it pow er eq u a lly  w oll in  eith er  d irection , th u s overcom ing tho  d ifficu lty  of 
rovorsin g; an  absoneo of m ov in g  p arts su b ject to  woar an d  con sequ en t rep lacem en t, 
w ith  a  remarkable s im p lic ity  and  lo w  in itia l c o s t ; and  a  p ositivo  safeguard  again st  
sta llin g  of tho prim e m over b y  overload  w h ile  tran sm ittin g  tho overload  to  tho driven  
sh aft.

Tho w orking of tho  coup ling  is  briefly exp la in ed  and  w oll illu stra ted . Tho fluid  
w ith  w hich  tho cou p lin g  is filled  is driven  outw ards b y  th o  centrifugal force tran sm itted  
b y  a n  im pollor w ith  radial van es, and  as tho  runner a lw ays ro ta tes a t  a  slow er sp eed  
th a n  th e  im peller, tho  difference in  centrifugal forco causes th e  fluid to  circu late around  
an annular core, an d  th u s a ct as an onorgy tran sm ission  m edium .

Tho scoop-tubo ty p o  of coup ling is further exp la in ed  and  it s  ad van ta g es aro stu d ied . 
In fin ite ly  variab lo speed  regu lation  can  bo ob ta in ed  ovor a  range of fivo to  ono. Tlio  
spood of a  rotary tab lo  w as reduced  from  100 r .p .m . to  G r.p .m . by reducing th e  ongino  
sp eed  from  000 r.p .m . to  200 r .p .m . and operatin g  th e  control. T he sam e resu lts can  
bo ob ta in ed  in  tho rovorso d irection  b y  th e  u se  o f a d oub le-ended  scoop  an d  a  reversing  
ongino.

A n  im pu lse or m om en tu m  sta rt can  b e  app lied  b y  c losin g  tho scoop-tu bo  control, 
running tho  ongino up  to  sp eed , an d  tlion open ing tlio  control, an d  th u s a  su b stan tia l  
overload  torquo m a y  bo app lied  for freeing an ob stacle . A . H . N .

1 2 7 3 . A rrangem ents o£ F ilter Tubes in  Petroleum  W ells. F . R . R u iz . Pol. Inform. 
Petroleras, M arch 1940, X V II  (187), 7 2 -7 8 .— T his articlo  refers in th e  first in stan ce to  
th o  con d ition s a t  Com odoro R ivad av ia , whero th e  stra ta  con sists p artly  o f sands and  
p a rtly  o f m ore friab le m ateria l. T ho com m on est form  of filter tu b e  is a  tub o  w ith  
circular perforations. I t  is p o in ted  o u t, how ovor, th a t  th is  ty p o  w a s found to  bo 
in effective. T w o ty p e s  of filter, tho  M acE voy an d  tho K obo, aro doscribod, tlio  la tter  
b eing th o  ty p o  finally  ad op ted . T h is  typo  of filter is  m ado up  b y  p lu gging  tho  
circular perforations w ith  p lugs p rovid ed  w ith  grooves o f  a  particu lar sh ap e and  
sectio n . In  order to  arrive a t  a  sa tisfa cto ry  design  ono is depen d en t on a  granu lo
m etric an alysis w h ich  su ffic ien tly  nearly  a n tic ip a tes tho  character of tho  solids a t  tho  
b o tto m  o f th e  w e ll. In terestin g  curves aro g ivon  in  w h ich  tho porccntago reta ined  is 
p lo tte d  aga in st tho  sizo  o f tho grains and th e  size  o f th e  opening in tho grooves. T hose  
cui'vcs aro ta k e n  from  tlio  M anantialos B ehr. S im ilar curves aro show n for Calota  
C ordova in  w hich  th o  con d ition s aro m ore favourable ow ing to  tlio fa ct th a t  th e  horizon  
con sists o f a  sim p le  layer o f san d . T ho effect of w ater is a lso  d ea lt w ith  v ery  fu lly .

H . I .  L .

1274. D rilling  P aten ts. J . B . G raham  and  R . G. M ayer. U .S .P . 2 ,200 ,184  and  
2,206 ,185 , 2 .7 .40 . A p p l. 21 .3 .39  arid 10.6.39, resp ective ly . A pparatus for gu id ing  
an d  stab b in g  su ccess iv e  se ctio n s of p ipo su ch  as oil- and  gas-w ell casings.

T . A . C reighton an d  T . E . M cM ahan. U .S .P . 2 ,206,222, 2 .7 .40 . A p p l. 24.7.39. 
W oll-drilling too l, b ein g  a  b it o f specia l typo.

G. E . C annon. U .S .P . 2 ,206,389, 2 .7 .40 . A p p l. 27 .9 .39 . M ethod of cem en tin g



w ells con sistin g  of a llow ing fast-sottin g  com ent to form  a  p lug a t  tho g a s-o il interface, 
and  subsoquontly  cem en tin g  w ith  slow -sottin g  com ont below  tho plug.

J . H . Slioplor. U .S .P . 2 ,206,677, 2 .7 .40 . A ppl. 8 .4 .39 . M othod and m oans for 
preparing w olls for com onting b y  pum ping a  suspension  of abrasive m ateria l in  w ater  
to  rom ovo m ud  sh eath .

A . B o y n to n . U .S .P . 2 ,206,873, 9 .7 .40 . A p p l. 28.10.38. L eakless right and loft 
to o l jo in t.

A . L . S m ith . U .S .P . 2 ,206,922, 9.7 .40. A p p l, 8.8 .38. M eans and m eth od  of 
d oteetin g  th e  presence of oil in  drilling m ud by subjecting m ud  to  u ltra -v io let ligh t and  
observing tho fiuoresconco caused b y  o il.

R . D . H a a s. U .S .P . 2 ,207,005, 9.7 .40. A p p l. 18.10.38. P ipo and too l jo in t.

L . W . S ta h l and  R . L . F oster. U .S .P . 2 ,207,112, 9.7 .40. A p p l. 25 .2.38. L iner  
construction  for slu sh  pum ps.

F . W . H ild . U .S .P . 2 ,207,149, 9.7 .40. A p p l. 8 .10.34. B low -out preventer.

J . A . Zublin . U .S .P . 2 ,207,187, 9 .7 .40 . A p p l. 15.7.38. Com bined fluid and rotary  
driven d rilling  b it tho cu tters o f w hich  aro rotated  by discharge of fluid aga in st them .

J . A . Z ublin . U .S .P . 2 ,207,188, 9 .7 .40 . A p p l. 23.1.39. D rill b it.

F . W . H ild . U .S .P . 2 ,207,199, 9 .7 .40 . A p p l. 26 .4 .37 . B low -ou t preventer h avin g  
a  hollow  packer.

C. A . Lundeon. U .S .P . 2 ,207,203, 0 .7 .40 . A ppl. 14.5.38. Support for upsot pipo  
or rod u tiliz in g  slip s on an inclined  piano.

O. H am m er. U .S .P . 2 ,207,345, 9 .7 .40 . A ppl, 23 .3.38. M ethod and m eans of  
cem enting w olls u sin g  a  guido-tubo a t  tho b o tto m  of tho casing.

A . F . Sorben. U .S .P . 2 ,207,418, 9 .7 ,40 . A ppl. 5 .4 .39 . B ottom  dum ping cem ent 
bailer.

R . T . R oyo . U .S .P . 2 ,207 ,469 , 9 .7 .40 . A p p l. 4 .1 .39 . Casing hanger.

E . R usso l. U .S .P . 2 ,207 ,478 , 9 .7 .40 . A p p l. 30.12 .36. A pparatus for spraying  
and casing  w oll w ith  a  q u ick -sottin g  com ont or tho like.

C. S t. J . Brom nor and  C. M. P otter . U .S .P . 2 ,207,505, 9 .7 .40 . A ppl. 5 .4 .35 . D rill- 
pipo orienting tool.

J . H . W illiam s an d  S. A ckal. U .S .P . 2 ,207,619, 9 .7 .40 . A ppl. 8 .9 .39 . Oil-woll 
fish ing-tool.

L . L . T hom pson . U .S .P . 2 ,207,766, 16.7.40. A p p l. 7 .3 .38 . R o ta ry  d rill b it.

J . D . H u gh es. U .S .P . 2 ,207,920, 16.7.40. A p p l. 28.10 .37. E xp an d in g  foot- 
pioce for w h ip stock s.

E . E . A nderson. U .S .P . 2 ,208,011, 16.7.40. A p p l. 14.4.39. In sid e tub ing cu tter .

J . D . E islcr. U .S .P . 2 ,208,147, 16.7.40. A p p l. 26 .8 .38 . P hoto-eloctr ic  in 
clinom eter for tosting  tho d ev ia tio n  of a  boro holo.

N . M iles. U .S .P . 2 ,208,194, 16 .7 .40 . A p p l. 12.8.39. S a fe ty  cago for oil derricks.

J . H . Schroibor. U .S .P . 2 ,208,197, 16.7.40. A p p l. 16.6.37. J o in t breaker and  
ca th ead .

G. R . P oth o . U .S .P . 2 ,208,388, 16.7.40. A ppl. 11.12.39. O il-tool spinner for an  
o il rig  rotary  tablo.

L . L . T hom pson . U .S .P . 2 ,208,530, 16.7.40. A p p l. 3 .2 .38 . R otary  w ell drill b it.
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D . Scaram ucci. U .S .P . 2 ,208,603 and 2 ,208,601, 23 .7 .40 . A p p l. 17.8.39. A p 
paratus for com onting w ells  con sistin g  o f a m easuring dovice for d eterm in in g  tho  
p osition  o f an  objoct lik e  tho  to p  p lu g  in  a  w e ll. I t  is a  sounding-lino, a  w eigh t  
a tta ch ed  to  tho  lino and  an  ob ject a d ap ted  to  bo p osition ed  w ith in  th o  w oll and  
arranged to  bo m agn etica lly  engaged  w ith  tho w oight. Tho secon d  p a te n t incorporates 
a n  olectrom agnot.

H . C. L aw ton . U .S .P . 2 ,208 ,766 , 23 .7 .40 . A p p l. 10.1.39. M othod of sea lin g  off 
form ations b y  tho  con tro lled  form ation  of a  silic ic  acid  gol w ith in  tho poros, u sin g  
aqueous so lu tion  of a silicn to , and a  n on-m otallio  sa lt  o f a w oak base in  basic so lu tion .

A . II . N .

Production.
1275.* Progress of G ravel-Packing in  California. A n on . Petrol. World, Juno 1940, 
37 (6), 47.-—-Tho paper deals w ith  tho h istory , theory  an d  m othods, and  tho present 
sta tu s  and  ou tlook  for gravel-pock ing in  California.

G ravol-packing is prim arily  in ten d ed  to  sto p  san d  production , thus a lm ost en tirely  
e lim in atin g  thoso features w h ich  raiso production  costs . T w o photographs show  
exam p les o f correct an d  incorrect choieo o f gravel sizo , in  tho form er tho sand  m igrat
in g  on ly  im percep tib ly  in to  tho  grovol pack , w hereas in  tho  la tter  tho en tire  p ack  is 
filled  w ith  sand, resu ltin g  in  d rastica lly  reduced  flow  cap acity . O ther ad van tages  
of gravol-packing includo p rovid ing a  largor open  holo w ith  hotter drainage co n 
d itio n s , tho a ctio n  of tho pack  as a  gas anchor, and  tho p oss ib ility  of dooper pum p  
so ttin g  and low or fluid lev e l being prosonted b y  gravol-packing.

T ho m o st com m on ly  used  m oth od  in vo lves w all-scraping t o ab ou t 15 in . in  diam oter, 
and  thon c ircu lating  tlio gravol dow n through  tho casing  and outsido  tho liner through  
ports in  tho  hangor, u sin g  th in  m ud. A descrip tion  is a lso  g ivon  of tho ch ief ty p e s  
of pre-packed linors a va ilab le  in C alifornia. A . II . N .

1276.* H uge A dditional R eserves W ait on Im proved Production M ethods. L . C. 
U ren. World Petrol., J u ly  1910, 11 (7), 5 4 -5 7 .— Tho ehargos o f ex cess iv e  w asto  of 
o il b o th  in production  practices and  abovo-ground storago u su a lly  lovo lled  against  
producers aro show n to  bo w ith ou t m u ch  basis in  m any in stan ces. R oeont im prove
m en ts in  m eth od s o f ex p lo ita tio n  of oil-fiolds are roviowod an d  tho  sp irit o f co n 
serv a tio n  in prod u ction  practicos is m ado m anifest.

On th e  other hand , great q u a n tities  of o il uro s t i l l  le ft  in tho reservoirs becauso no  
recovery  m oth od s y o t  d iscovered  aro su ffic ien tly  econom ical, w ith  prosont-day oil 
prices, to  produce moro th a n  a part of tho  oil a c tu a lly  present in  tho reservoir. I t  
is  estim atod  th a t  betw een  67,500 m illion  an d  110,000 m illion  brls. o f oil m u st havo  
been  lo ft in  th e  ground in  prosont know n fiolds. T h e actu a l rosorvo estim a to d  as 
b eing recovorablo b y  present m othods of production  is on ly  18,000 m illion  brls.

I t  appears th a t  tho m ain consideration  in  theso problom s is an  econom ical ono 
in tim a te ly  con n ected  w ith  tho price o f recovered crudo and co st  of production .

A . II . N .

1277.* H igh  W ater-cut Sam ples easily  Taken. A n on . Oil Wkly, 8 .7 .40 , 98 (5), 
22.— F aced  w ith  tho problem  of tak in g  accurate sam p les on  a  leaso on  w h ich  a  num bor 
o f w ells  woro go in g  to  w ator qu ito  rap id ly , ono su perin tendent o f a  large oil com p any  
d ev ised  a  sy stem  o f ob ta in in g  regular w ater-cu t sam plos w ith o u t incurring th e  exponso  
o f adding c o stly  eq u ip m en t or en larging th e  ex is tin g  tank  facilities . T ho sy stem  is 
doscribod, and  co n sists  o ssen tia lly  of w oigh-m oter w h ich  is f itted  a t  each  ta n k  so ttin g  
on  tho leaso, and  w hich  records th e  gross fluid  as i t  com os from  th e  w oll, an d  of a  
con stan t-lovel arrangem ent for tho w ator a fter  separation  in  tho  tank . A . H . N .

1278.* E levated Pum ping U nit in  Over-flow A rea. A n on . Oil Wkly, 15.7.40, 98 (6), 
36.— A  pum ping u n it o lovated  on a  p latform  in order to  con tinu e fu n ction in g  during  
periods o f overflow  in  tho leaso, and w h ich  is fitted  w ith  a  sp ec ia l heater, ns tho o il 
is h igh ly  paralfinic, is  described. A . H . N .
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1279.* R aised Structure Guards H igh-pressure W ell. A non. Oil W kly, 22 .7 .40 , 
98 (7), 12.— A  w ell-h ead  stru ctu re is  described, w h ich  appears to  havo  been  designed  
w ith  a v ie w  to  ruggodnoss, sa fe ty  for workers, and p rotection  from  dam ago b y  ca ttlo , 
floods, and  tornadoos. Tho tree  is a  10,000-lb .-tost ty p o , and  th e  high-prossuro w ells  
aro 10,300 f t . deop.

A  fea tu re  o f tho  sy stem  is a  fiow -valvo in  tho  tu b in g  str in g  w liich  closes a u to 
m a tica lly  aga in st h igh  rates of flow — a  valu ab le assot if  surface connections aro brokon  
b y  flood or a  tornado. A n other feature is a  low-pressuro m anifold  connoeted  to  tho  
troo b y  p ipo-bends w hich  aro offoctivo in  ab atin g  turbulenco. A . H . N .

1280.* Industry F aces E conom ic Crossroads. W . L . Bakor. Oil W kly, 29 .7 .40 , 
98 (8), 4 1 -4 5 .— I t  appears th a t  revenuos aro dim inishing from  producing w ells , and  
th a t  unloss tho problem  is  so lv ed  lo g ica lly  it  m ay  assu m e serious proportions. F ivo  
possib lo  so lu tion s aro d iscussed . Tho first three aro : (1) to  raise th e  price o f crudo ; 
(2) to  increase con su m p tio n ; (3) to  im prove m ethods o f develop m en t a t  cheaper  
co sts . A ll three su ggestion s suffer from  tho fact th a t  th e y  are b eyon d  th e  im m ediato  
con tro l o f tho  operator and, further, if th e y  woro successfu l th e y  w ou ld  induce addi
tio n a l drilling a c tiv itie s , an d  th u s, after a  tem porary roliof, tho  problem  w ould  h av e  
to  bo facod again  in  a  probab ly  m oro acuto condition .

W idor w ell spacing  and  u n it control of pools aro offered as th e  on ly  logical w a y s of 
trea tin g  tho problem . A d van tages o f w ider spacing aro listed  as, briefly, (1) widor 
sp acin g  w ill readjust tho equilibrium  of su p p ly  and  d e m a n d ; (2) cap ita l expend iture  
per acre d evelop ed  is loss w ith  -wide sp a c in g ; (3) fixed chargos aro lo ss ;  (4) d a ily  
allow ablo  per w oll w ill bo greater as woll3 d o c lin o ; (5) operating costs , gross and  
por barrel, aro l e s s ; (6) d issip a tion  of reservoir onorgy is red u ced ; (7) volum o of sa lt  
w ater  liandlod is loss ; (8) p art of funds n ow  used  in  in tonsivo drilling bocom es availab lo  
for w ild ca ttin g  and d iscovory of n ew  fiolds.

U n it  operation  is ad voca ted  becauso thoro is m axim um  econ om y of o p o ra tio n ; 
few er w olls aro n e e d e d ; rosorvoir control is  m ado p ra c tica b le ; in d ividual risk  is  
m inim ized  ; a  stab iliz in g  effect is  im posed  on  tho m a r k e t; i t  increases pcr-acro y io ld  
of o i l ;  an  increased  va lu o  is created  for g a s;  it  porm its ad ju stm en t of production  
rato to  tho  producers’ n e o d s ; i t  effects sav in gs on  p ipe-lines, storage tank s, and  
p la n t c a p a c ity ; it  m akes possib lo tho  practices of pressure m aintenance, roprossur- 
ing , w ator flooding, an d  recycling. A  h o st  of othor reasons aro advanced . A . H . N .

1281.* Prorated Production A  M inim um  Profit Level. A non. Oil Wkly, 29 .7 .40 , 
98  (8), 4 6 -5 2 .— T ho stea d ily  d im in ishing revenues from  producing w ells in  recent 
years h avo already  reached tho  m inim um  econom ic lev e l a t  w hich  num erous w ells  
m a y  bo oporatod, and it  is  c la im ed  th a t  if tho trend continuos its  dow nw ard tcndoncies 
oil-producors w ill bo facod  w ith  an  oxtrom oly sorious financial situ a tio n  in  tho very  
near future. I t  w as fe lt  th a t  d esp ite  tho  probable lack  of absolu to  accuracy thoro 
w a s a  nood for an  estim a ted  m easure of tho relationship  betw een  co sts  and  incom o. 
C onsequently , b y  uso of d a ta  know n an d  generally  aecoptod b y  tho industry  and a 
sy sto m  of w eigh ted  avoragos an d  “ prosont w orth  appraisals,” an  a ttem p t w as m ado  
to  com pare th e  avorago prospects for profits from  new  drilling develop m en t th a t  
w ere in  ex isten ce  in  th e  e ig h t prorated  s ta tes  during each  of th e  years from  1935 to  
1939. N o  absolu to  accuracy w as cla im ed  for tho resu lts, b u t th e y  wore b elieved  
to  p ossess a  certa in  va lid ity .

A n  acuto  con d ition  of d im inishing incom e return per dollar in v ested  is sh ow n . 
T h is paper docs n o t su ggest tho rom ody, b u t on ly  th e  situ a tion  is d iscussod . Tho  
rem ed y is d iscu ssed  in  a  preceding papor. [Cf. abstract no. 1280.] A . H . N .

1282.* Increased Efficiency through U se of Smaller Pum ps. T . P . Sanders. Oil 
Oas J .,  4 .7 .40 , 39 (8), 45.— In  w olls pum ped on tho boam  m ore production  is lo st  
duo to  in sta lling  pu m p s th a t  aro too  large than  becauso of u sin g  pum ps th a t  are 
to o  sm all. T w o general classos o f w olls com m only  suffer from  too  large p iston s :

(1) D eep  w ells , whoro tho string o f sucker rods is m ore th a n  4000 f t .  long. In  
such  a  w oll large p lungers causo oxcessivo  rod stretch , resu ltin g  in  losses duo to  loss  
of stroke len gth  in  ex cess o f  th e  ga in  o f u sin g  tho largo plunger.

I I
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(2) A n y  w oll in  w h ich  a  p u m p -off con d itio n  occurs. I n  su ch  a  w ell a  ro lativo ly  
sm a ll pum p reduces th e  polishod-rod  load , an d  slip p age p a st  tho p lunger is m inim izod . 
A lso  if  pounding o f  th e  fluid  does occur, tho sm all plunger m inim izes tho  effects o f  tho  
shock  on  tho oquipm ent.

A  tab lo  g iv es m axim u m  roeom m ondod p lunger sizes for w olls o f variou s d ep th s, 
from  4000 f t .  (m axim um  plungor diam otor, 2J-in.) to  8000 f t . (m axim um  d iam eter, 
1 1-in .). A . H . N .

1283.* Operating Efficiency Increased by Standardization. N . W illiam s. Oil Gas J .,
11.7.40, 39 (9), 57.— Standard ization  o f all loaso production  equ ip m en t is  boing  
carried o u t b y  a  T exas com p any. T h is n o t on ly  app lies to  com plotoly  n ew  in sta lla 
tion s , b u t a lso  a s old  leaso facilities , su ch  as stock -ta n k  b atter ies an d  separator h ook 
u p s, w ell con n ection s an d  assem blies, an d  othor u n its  n eed  a tten tio n  or rep lacem en ts  
th e y  aro m ado to  conform  to  tho uniform  ty p e s  and  dosigns ad o p ted  as th e  fiold is 
dovolopod. Tho paper d eta ils various item s so  standard ized  b oth  in  surface and  
subsurface pum p in g  equ ipm ent.

I t  is  cla im ed  th a t  th is  w ork  is  con trib utin g  m arkodly tow ards officioney of w orking  
th e  field , tow ards reducing g rea tly  th o  num ber of item s n ecessary  to  b e  carried in  
w arehouse stock s an d  tow ards sim p lify in g  an d  facilita tin g  in sta lla tio n  an d  m ain 
ten ance of tho various operating u n its . A . II . X .

1284.* Subsurface Pum p Perform ance. S. B . Sargent. Oil Gas J .,  11 .7.40, 39 (9), 
58 .— Paper Presented before Am erican Petroleum Institute. T ho first p art o f th is  
short paper doals w ith  theoretica l and actu a l sequ en ce of e v e n ts  w hich  occur in a  
subsurface pum p in  action . T yp ica l d ynagraph  d a ta  aro p resen ted  for various  
stagos o f p lunger m ovem on t in  tlio  barrel, and thoso are exp la in ed  an d  interpreted  
in  tho la tter  part. Cards aro a lso  show n w hon tho pum p is hand lin g  gas w ith  tho o il.

I t  is  concludod th a t  thoro aro a  great num ber of factors influencing pum p operation  
th a t  can n ot bo read ily  dotorm ined w ith o u t th e  u se  o f in stru m ents to  m easure their  
rela tive  m agn itu d es. E a c h  factor taken  b y  itse lf  is q u ite  sim plo  an d  is eas ily  ox- 
plainod  b y  fim dam ontal law s o f either hydrau lics or m echan ics. A . H . N .

1285.* Chart for Computing V olum e. A non . Oil Gas J .,  11.7.40, 39 (9), 65.— A  
chart is presented  for com p utin g  tho  vo lu m e of gas being in jected  in to  in p u t w o lls, 
or of gas ob ta in ed  a t  casinghoad in  ca lcu latin g  g a s -o il  ra tio s an d  u sin g  an  orifice 
m otor. G ivon orifice sizo  in  inches, specific g ra v ity  o f gas (com pared to  air), gauge, 
and d ifferential pressures in  lb ./sq . in . and  inches o f  w ater, respoctivo ly , tho v o lu 
m etric rato o f flow  of gas in  cu . f t ./d a y  is found  to  an  accuracy of 5% , u sin g  tho  
chart to  th e  scalo  w h ich  is  presented . On a  considerably  larger sca le  i t  is  b elieved  
th a t  th e  chart cou ld  bo road to  a  m axim u m  error o f 2% , or p ractica lly  to  th e  error 
of tho  usual orifice m eter  em ployod.

A n  exam plo  illu stra tes tho  u se  o f th e  chart. A . H . N .

1286.* Low  Producing R ates W aste R eservoir Pressure. T . P . Sanders. Oil Gas J .,
11.7.40, 39 (9), 66.— A ctu al field ev idence in d icates th a t a  low  rato o f flow  can  be, 
an d  u su a lly  is , even  moro w astefu l o f reservoir pressure th a n  is  w ide-open  flow. 
W hilo open  flow  is n o t recom m ended, it  is preferablo to  too  severe  restr iction , w h ich  
ten ds to  b leed  o ff an  abnorm ally  h igh  proportion  of gas, lea v in g  “ dead  ”  o il in  tho  
reservoir.

W olls w ith  sm all allow ables th a t are m ado to  flow  a t  low  rates for 24 h r ./d a y  a lm ost 
invariab ly  suffer from  ex trem e separation  of o il and  gas in  th e  tub in g . Correction  
of th is  con d ition  can  bo brought ab ou t sim p ly  b y  ad op tin g  faster  flow , w ith  m inim um  
g a s -o il  ratio , an d  sh u ttin g  tho w ells in  for th e  rem ainder of th e  d a y  after th e  a llow ab les  
h avo b een  m ade . F or determ in ing  tho b est ra te  o f flow for a  w oll there is  no  su b stitu te  
for g a s-o il  ratio .

F o r  w ells w h ich  u se  a  2-in . tub ing , m ateria l assem bled  show s th a t  w aste fu l co n 
d ition s u su a lly  occur w hen  tho  ra te  o f flow  is restr icted  bolow  10 b rls./hr. A . H . N .

1287.* E conom ic A spect o£ W ater F looding. L . C. C onverse. Oil Oas J ., 18.7 .40 ,
39 (10), 1 8 -1 9 .— T h is papor is  d ev o ted  to  econom ic stu d ios in  th e  M id-C ontinent
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fields. The crude is produced at low cost as compared with deeper and newer fields, 
and this fact is duo, in the main, to throo causes : (a) discovery und leasehold cost;  
(6) dovolopmont c o s t ; and (c) lifting cost, all of which costs aro low. After a con
servative ostimato, loasoliold costs aro given at 0 conts/brl.

. The developm ent costs aro again low, duo for instance to the fact that for a  wator- 
fiooding project m ost of the wells required aro already drilled. Tho lifting costs are 
affoctod by tho sizo of the shot hole, tho offoctivo perm eability of the sand, the 
viscosity of tho oil, tho próssuro appliod, and tho resistance or distance between  
input and output wolls. Thoso factors are studied spocifically in  B artlesville sand.

In estim ating the total cost of a barrel of crude rocovorod by water flooding these 
old sands, G cents are allotted to loasoliold cost, 10 cents to developm ent, 10 cents 
to lifting, 7 cents to engineering and supervision, and 10 cents to overhead charges. 
Thus total cost of tho crudo is 43 conts/brl. A. H . N.

1288.* Electrifying Oil Properties and Service Restoration Systems. O. Dowzor. Oil 
Qas J 18.7.40, 39 (10), 41.— -In tho electrification o f oil-fiold properties several factors 
m ust bo considered in  dotormining whether the power is to bo purchased or privately  
generated. Thoso factors, m othods o f installing secondary circuits, and means of  
restoring service are discussed.

During the past few years tho central loase powor plant or skid unit for tho purposo 
of gonorating curront to  serve fifteen or tw onty motor-driven pumping units lias 
boeomo quito popular. Thoso un its usually consist o f  sm all gas or diesel engine- 
driven generators oquippod w ith  autom atic governors and switclios generating at 
440 volts. Tho motors run on 440 volts, w hilst a transformer steps tho voltage down 
to 110 vo lts for lighting. Tho system  is economical, and two men per shift am 
sufficient to  oporato it.

I t  is  pointed out that in  servico restoration generators aro designed to  take the 
full load o f all m otors working simultaneously, but not tho starting loads of all motors 
simultaneously. This is duo to tho fact that a  m otor requires from tlireo to  fivo 
tim es its  normal full-load running curront for starting.

One mothod, requiring loast investm ent, is to open tho switches on all wolls after 
a  shutdown and to  start them  individually on sorvico restoration. On the other 
hand, thoro is  tho m ost expensive o f throo mothods suggested, that o f fitting  
an undor-voltago coil to  each m otor, and on autom atic tim e sw itch. Tho motors 
will be autom atically sw itched off on a breakdown, and on restarting any given  
number o f motors m ay bo started consecutively at, say, 10 or 15 sec. intervals.

The third m ethod is interm ediate in costs and timo-consumption. W ells aro fittod 
with undor-voltage coils to shut thom down on a breakdown in tho generator, but aro 
started by hand. The three m ethods are compared and contrasted. A . H . N .

1289.* Intermittent Injection Helpful in Repressuring. T. P . Sanders. O il Qas J . ,
18.7.40, 39 (10), 54.— Tho basis for th is short contribution is that experience in  gas- 
drive work has shown that oil production will increase w ith  increased gas input up 
to  a certain lim it. Beyond th is an ineroaso in gas m ay retard production. Further 
increase will causo oxcessivoly high producing gas-oil ratios, indicating channelling.

W hen interm ittent injection is  used, tho permeable channels are invaded by oil 
from tho adjacent tight sands during the shutdown periods. This oil is then m oved  
to  tho producing wells whon the gas is turned on. A. H . N ,

1290.* Recent Trends in Petroleum Production Research. L. C. Uron. Petrol. Engr, 
Midyear, 1940, 11 (10), 17-20.— Professor Uren doploros tho short-sightedness o f 
certain executives who spend hundreds o f thousands o f dollars in w ildcatting and 
yet aro reluctant to  invest like am ounts in research for hotter mothods o f recovery. 
Much o f tho advance in  oil-fiold development and petroleum production mothods 
achiovod during recent years has boon a direct result o f research.

Tho paper reviews recent research projects on production and a lis t o f  4G references 
is appended. Studios o f reservoir fluids and reservoir mechanics are discussed, and  
thoso deal w ith  phase behaviour o f  hydrocarbon m ixtures, retrograde phenomena, 
mechanism o f  flow o f gas, oil, and water through formations, and general principles 
o f drainage. Formation sampling, sidewall sample takers, porosity, permeability, 
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and other coro-onalysis problems are noxt reviewed, together w ith researches on mud 
fluids, cem enting problems, and gravel-packing. Finally, th e  matorials used in well 
casing and drill-pipo manufacture are briefly studied. A. H . N .

1291.* Recent Trends in Production Methods. H . L. Flood. Petrol. Engr, Midyear, 
1940, 11 (10), 35.—The trend of production methods appears to bo towards tho m axi
mum utilization and conservation o f reservoir energy, *1 t appears also that light, 
inexponsivo equipment that can bo reclaimed and changed if  it s  further use is  not 
warranted is being used in increasing quantities.

Recording and interpreting adoquato woll data aro being recognized as being o f  
fundamental importance.

There has been a  tremendous increase in the thought and attention accorded in  
tho last year to m ethods o f secondary recovery. Of greater significance than this is 
tho fact that m any fields are planned w ith  a  view to  secondary recovery at some 
later stage o f  developm ent, even at tho very beginning o f tho exploitation and develop
m ent programmes. Gas-rcpressuring and water-flooding aro reviewed.

Pum ping practices havo seen improvements in load balancing, use o f catenary 
pull rods and o f electrically-powered units, better pumping engines, hydraulic 
pumping, gas anchors, and generally hotter technique. These ore reviewed.

A. H . N .

1292.* Progress and Trends in Gas-liit Operations. S. F. Shaw. Petrol. Engr, M id
year, 1940, 11 (10), 50.— Under present restricted production schedules, artificial 
gas-lift mothods do not receive the atten tion  they would command if  tho crude oil 
requirements were more nearly in lino w ith  tho producible supplies.

Natural flow as a  form o f natural gas-lift process is briefly studied. A  review is 
noxt given o f artificial gas-lift as practised in Oklahoma City, Rodessa, various fields 
in Texas, Louisiana, Pennsylvania, and California, in  Peru, and in other foreign fields 
under soparato sections.

Restricted production resulted in the necessity o f  closing-in wolls periodically, and 
honco the need for developing kick-off valves became groat. A more scient ific applica
tion o f kick-off valves and “  flow ”  valves than has been possible hitherto is  gradually 
being worked out.

Studies into casing sizes and cost o f gas and gas-lift aro briefly reviewed and 
references aro given. A. H . N.

1293.* Developments in Production Practice in California. \V. A. Sawdon. Petrol. 
Engr, Midyear, 1940, 11 (10), 63.— A t tho present tim e there are approximately 
IS,850 wells in California capable o f producing oil, 15,000 of which aro actually pro
ducing. Nearly 90% o f these aro on the pump.

In several fiolds gas zones above tho oil-producing formations have been utilized  
to  produce tho oil, controlled in a  manner which has conserved the gas supply. This 
is being dono w ith  bottom  chokes placed in the tubing string opposite a gas zone 
which has been separated from tho lower oil formation by a  packer.

There has beon mi increase in  the use o f hydraulic pumps, and in m any cases 
m ultiple installation is  used in which a  number o f wells receive power oil from a 
central location. In one certain field ten  wells are produced thus.

A new  m ethod introduced recently in gas-lift districts is  to  put a  plunger-lift shoe 
on the tubing when it is run for g a s-lift; then when plunger-lift operation is necessary' 
the plunger is  dropped-in and the necessarv surface connections are made.

A. H . N .

1294.* Progress and Trends in Water-flood Districts of Appalachian Area. P. 31.
Pliillippi. Petrol. Engr, Midyear, 1940, 11 (10), 76.—Perhaps one o f  tho greatest 
strides forward in  the art o f water-flooding is  the newly aroused interest in the shoot ing, 
and in particular tho seloctive shooting, o f  wells. E ight major m erits o f  selective  
shooting aro enumerated, such as increased oil production per acre, decreased ultim ate  
water consumption, quicker production and return o f investm ent, etc.

There is  a  significant increase in the electrification o f water-flooded areas, and this 
is probably due to  the abnormally low  price o f  th is premier-grade oil, to  proration, 
and to tho cheap, easily available u tility  electric power.
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The question of woll spacing in a  flooding area is chiefly an economic one, and 
ought to  bo solved on that basis, taking into account tho properties o f the particular 
sand under consideration.

Adoption of wide spacing means using high pressures. There is a critical pressure 
abovo which by-passing o f tho sand occurs to a serious extent. Tho maximum pros- 
suro to bo used is just bolow the critical pressure, and it  should not exceed 1 lb ./ft. 
o f depth. A. H. N .

1295.* Electric Power for Oil-well Pumping. J. E . Moody. Petrol. Engr, July 1940, 
11 (11), 43.—Motors in uso on modorn pumping equipment m ay include ono o f tho 
follow ing: (1) singlo-ratod, singlo-spood, norm al-torquo; (2) single-ratod, singlo- 
speed, high-torquo; (3) Star D elta, double-ratod, singlo-spood ; (4) double-rated, two- 
speed, constant-torquo; and (5) double- or triplo-ratcd, singlc-speed. The first 
two aro the m ost generally usod. Tho singlo-rated, singlo-speed, normal-torquo motor 
is o f  tho gonoral purposo classification, but should an autom atic timo switch bo 
installed, tho socond typo is proforablo, as it  affords added safety factor on starting  
tho woll.

The porfonnancos o f tho various typos are contrasted and compared with each 
other. Specimen calculations are given to  detennino tho rating o f a m otor to  Ire 
installed on a  well. Rocont installations indicate that 10-li.p. m otors aro generally 
ample to  take care o f prosont and future requirements. A. H . N.

1296.* Motor-driven Submerged Power Pump. W . A. Sawdon. Petrol. Engr, July  
1940, 11 (11), 67.— A rodless pump for oil wells is doscribod and its  tost performance 
figures and charts are reproduced. I t  is suitable for pumping 250 brls. or more of  
oil/day. T ests were porformod at 3000 and 5000 ft. depths, respectively.

Briefly tho pump and m otor consist o f  an electric m otor and a  hydraulic trans
m ission system  to  convert tho high-speed rotary m otion o f the m otor into a  slow  
reciprocating m otion, which is  utilized in  a conventional oil-well pump. Tho entire 
unit is  enclosed in an outer jacket, tho top of which is attached to the tubing pro
duction string and tho bottom  to  the oil-well pump. Flow o f  oil after leaving tho 
pump is upward through tho annular space between the outer jackot and the case 
o f tho pumper mechanism. Tho passago o f crude oil around tho inner assembly 
koops tho m otor and tho power oil a t approximately tho samo temperature as that of 
the crudo itself.

A full description o f tho pump and its action is illustrated by a sectional drawing 
o f the pump. Tho pump m ay bo fitted w ith any ordinary auxiliary equipment such 
as gas-ancliors and a  blind cage for sandy wells. A. IT. N.

1297.* Deepening and Completing a Well in the Lisbon Field. Pt. 6. P . D. Torrey 
and F . H . Miller. Petrol. Engr, Ju ly  1940, 11 (11), 70-72.—In  th is part o f tho paper 
production tests are detailed. Tho super-compressibility o f tho gas encountered is 
given in graphical form. The gravity and natural gasoline contont o f tho soporatod 
gas are then studied and a  summary o f all tho production tests performed on this 
particular well is given.

Bottom -hole pressure, physical analysis o f  the reservoir conditions, and recom
mendations for efficient rate o f production conclude th is part.

Tho papor w ill bo concluded in a  seventh part.

(Cf. abstracts Nos. 608, 754, 896, 994, and 1094 for previous parts.)
A. H . N .

1298.* The Behaviour of Oil and Gas under High Pressures and Temperatures. Pt. 2.
H . T. K ennedy. Petrol. Engr, July 1940, 11 (11), 77.— Experiments are described 
which lmvo been performed under formation conditions and on a  m ixture o f oil and 
gas as obtained from tho reservoir. Tho apparatus consists o f  a glass pressure tube 
into which tho oil is measured, and a measured volume o f  gas is  introduced by mer
cury displacement. Pressure is applied, after m ounting tho glass tubo in a metallic 
container, by a  pump. Stirring is  obtained by the reciprocating m otion of an electro
m agnet on a small steel ball inside the tube, Tomporaturo is  controlled by moans of
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an oil-bnth. Volumes aro measured by moans o f  a  cuthotometer reading to 0-001 
mm. Pressures aro measured by a dead-rveight gaugo.

Charts giving tho pressure-volumo relationships are reproduced and onalysod. I t  
is shown that in  a certain condensate reservoir, tho original pressure o f which has 
boon 4200 lb./sq. in., 82% o f the condonsate will bo in the rosorvoir when llio last 
woll is  plugged in and abandonod, unless somo prossuro-maintonanco system  is adopted. 
Different system s aro discussed. A. H . N.

1299. Production Patents. A . M. Herbsman. U .S .P . 2,206,187, 2.7.40. Appl. 
19.6.37. Method of increasing production of oil wells consisting of introducing a 
solution of hydrochloric acid gas absorbod in a liquid which is immiscible w ith water, 
into tho woll.

J . M. Olson. U .S .P . 2,206,329, 2.7.40. Appl. 8.11.39. Tank gaugo.

C. L. Murphy. U .S .P . 2,206,363, 2.7.40. Appl. 7.9.39. Valvo for an oil tank.

D . W. Hoforor. U .S.P. 2,206,461, 2.7.40. Appl. 14.3.38. Doop-well pump.

K. P . Noilson. U .S.P. 2,206,466, 2.7.40. Appl. 29.2.36. D uplex pump for deop
wells.

C. A . Combs. U .S.P. 2,206,835, 2.7.40. Appl. 27.11.37. W oll-control oquipmont 
consisting of an inclined separating tank and a  vortical tank connected to a  woll and 
to oach othor and a  level controlling float in tho vortical tank.

S .V .D illo n . U .S .P . 2,207,001, 9.7.40. Appl. 11.10.37. Woll oquipmont consisting 
of an inflatable and dofiatablo packing and a sourco of pressure for such means.

G. R. Linvillo. U .S .P . 2,207,019, 9.7.40. Appl. 14.1.38. Combination paekor.

H . R . Tonoy. U .S.P. 2,207,033, 9.7.40. Appl. 23.5.38. Apparatus for flowing
wolls.

C. S. Crickmer and R . A . Lamb. U .S.P. 2,207,118, 9.7.40. Appl. 7.7.38. Flow  
valvo for wolls.

W . R . Millican. U .S.P. 2,207,129, 9.7.40. Appl. 5.10.37. Flow valvo for wolls 
on gas-lift.

H . C. W hito. U .S.P. 2,207,184, 9.7.40. Appl. 29.9.37. M ethod of conditioning wolls 
by using a  foraminate body and later introducing reagents which attack this body and 
opon its interstitial spaces.

J. A. Josson and S. C. K yle. U .S .P . 2,207,255, 9.7.40. Appl. 11.7.39. Casing
head for uso on uppor end of woll casing enclosing a  string of flow tubing term inating 
in a  flangod tubing hanger.

J. 31. Roynolds, W. M. Newton, and J . T. Lodbetter. U .S.P. 2,207,334, 9.7.40. 
Appl. 20.3.39. Method and apparatus for placing a filter body in a well.

P . H . Jones and A . L. B lount. U .S.P. 2,207,348, 9.7.40. Appl. 20.10.36. D eter
mination of tho connate wator content of oil-producing formations by using a  chemical 
tracer in  tho drilling fluid and analysing for it in tho core.

E . J . Ashbrook. U .S .P . 2,207,448, 9.7.40. Appl. 13.8.37. Bottom -hole well plug 
which expands by moans of a  ratchet and pawls.

J. R . Yancoy. U .S .P . 2,207,471, 9.7.40. Appl. 27.1.40. Casing-lioad w ith  a 
rolativoly wide foundation ring.

J. R . Moser. U .S.P. 2,207,518, 9.7.40. Appl. 5.10.37. P ipe joint for surfaco 
pipes.

D . G. Hofloy qnd J . B . Stone. U .S .P . 2,207,733, 16.7.40. Appl. 10.10.38. Treat
m ent of wolls w ith hydrochloric acid and a sm all quantity of oil.



IT. A . Roimors. U .S.P. 2,207,759, 10.7.40. Appl. 10.8.38. Treatment of earth  
and rock formation w ith acid solution and tlion liquid silicate m ixture which gels 
subsequently.

J . P . Neel. U .S.P. 2,207,937, 16.7.40. Appl. 15.11.38. Pumping-well liook-off 
dovico.

R . It. Kyner. U .S.P. 2,208,036, 10.7.40. Appl. 1.6.37. Woll-flowing apparatus 
and mothod.

C. J. Somers. U .S .P . 2,208,087, 16.7.40. Appl. 6.11.39. Electric lioator for oil 
wolls to bo insorted into casing.

J. O. McMillan. U .S.P. 2,208,193, 16.7.40. Appl. 10.12.36. Pneumatic displace
m ent pump.

E . St. E . K ilby. U .S .P . 2,208,461, 16.7.40. Appl. 19.10.38. Pum p piston.

J . G. 31. Lopez. U .S .P . 2,208,466, 16.7.40. Appl. 10.11.38. Gas and oil soparator.

L, 1). Mowroy. U .S .P . 2,208,468, 16.7.40. Appl. 15.7.38. Rod-lino carrier.

W . F . Rurup. U .S .P . 2,208,775, 23.7.40. Appl. 9.5.39. Autom atic by-pass valvo  
for oil well-packor to permit passage of well fluid upward, and moans w ith chock valvos 
to pormit downward flow around this passago, but not in the opposite directions.

A . H. N.
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Hydrogenation.
1300. Patents on Hydrogenation. H . E . P otts. E .P . 523,649, 18.7.40. Appl. 18.10.38. 
Procoss for tho destructivo hydrogenation of carbonaceous matorials containing solid 
m atter in dispersion w ith hydrogen or gasos containing hydrogen under high pressures 
and at high temperatures. A tubo prehoator is used having return bonds in which 
interchangeable tubo-liko piccos aro inserted constructed of or lined w ith .a lloys, or 
coatod w ith high-m elting onamols having a Brinoll hardness of ovor 400.

J. C. Vlugtor. U .S .P . 2,206,376, 2.7.40. Appl. 15.1.37. Process for non-dostructivo 
catalytic hydrogenation of olefins b y  passing vapours of olefinic hydrocarbons having 
a boiling point w ithin tho gasoline rango and being formed by the polymerization of 
mono-olofins, together w ith  wator vapour and a gas containing freo liydrogon, in con
tact w ith a hydrogenation catalyst. H . B. 31.

Polymerization.
1301. Patent on Polymerization. Los Usinas do 31ollo. E .P . 522,818, 27.6.40. Appl.
17.12.38. Procoss of olofin polymerization which consists in treating a gaseous 
olofin with a hot aqueous polymorizing roagont of a concentration of at least 50%. 
Tho conditions aro such that only tho dimer and sm all amounts of higher polymers 
aro formed, and aro rem oved from tho polymerizing roagont as soon as they aro 
formed as a predominantly dimor-wator azeotropic mixture by azootropic distillation.

H . B. 31.

Refining and Refinery Plant.
1302.* Treatment of Crude Oil from Tupungato at the Campana Refinery. A . Piccioni. 
Bol. Inform . Pelroleras, March 1940, X V II (187), 81-86.— This articlo describes tho 
mothod of dealing w ith a shipmont of crude oil of 36,300 m .3. A  comploto analysis is 
givon of the crude oil and description of a topping plant w ith a Foster Whcolor furnace. 
Full particulars of tho products and characteristics aro provided. Particulars aro also 
givon of a coke still producing gas oil for cracking, and also details of a Cross cracking
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plant and of tho product obtained, and lastly the naphtha cracking p lant. F inally  tho 
figures aro givon for tho results obtained from oach of tho six  processes omployod.

H . I. L.

1303.* Fundamentals of Solvent-refining Operation. E . W . Card and E . G. Ragatz. 
Oil Oas 6.6.40, 39 (4), 49.—Tho moro important characteristics of an idoal solvont 
aro : (1) high efficiency and selectivity for tho quality of product dosircd; (2) high 
degroo of s ta b ility ; (3) ready gravity separation of its extract— raffinato p h asos;
(4) residual traces loft in tho oil should havo no deleterious e ffec t; (5) oaso of recovery ;
(6) non-corrosivity; (7) non-toxicity ; (8) fluidity a t atmospheric tem perature; (9) 
clioapnoss. Correct evaluation of itoms 2 -9  is straightforward, but item  1 is moro 
difficult. I t  is accordingly considered in detail, tho theoretical basos being contrasted 
w ith thoso of rectification. A n  experim ental 12-stago continuous oxtraction unit, 
using bon zo l-S 02 for tho treatm ent of m ixed baso oils, has been used to evaluate tho 
different factors involved. One series of tests provided data on the exten t of increased 
yiolds w ith increased solvont ratios. Thus, when running to a 0-808-v.g.c. (87-5-v.i.) 
raffinato, increasing tho solvont-oil ratio from 400% to 1060% increased the yiold from  
27% to 46%. Tho offect of varying tho reboiling tomporature indicates tho nocossity 
of proper manipulation of this stago in order to control solvont ratios. Tho importance 
of tho point of entry of tho incoming food was shown by tests in a laboratory 
troater utilizing phenol and consisting of two 40-ft. treating columns instead of the 
alternate mixor-sotllors of tho previous SO» plant. Changing tho inlet from tho 
bottom  of tho socond column to tho top docroasod tho solvont requirement from 400%  
to 300% and gavo a slightly higher yield of a slightly bottor-quality raffinate. In 
creasing tho oxtraction temperature from 167—170° F. to 190-195° F. enablod tho solvont 
ratio to bo reduced from 375% to 300% . Further tomporature incronso3 would be 
possible, lim ited, of course, by tho approach to tho m iseibility temperature. A 
comparison of phenol and benzol-SO» indicated that whilo similar solvont ratios wore 
required for a 65-v.i. raffinato, 44 timos as m uch benzol-SO. as phonol was required 
for a 90-v.i. raffinato. Comparative yields for benzol-SO» to phonol wore 0-93-1 for 
65-v.i. raffinato and 0-60-1 for 90-v.i. raffinato. B y  plotting yiold, solvont ratio, and 
raffinato quality data for these runs it  is found that a substantially straight-lino 
relationship exists botweon raffinate v.g.c.. and volumo per cent, raffinato for any given  
solvont ratio. A t tho lower ond all solvents show a  marked break in the slopo, this 
break occurring at different v.g.c. valuos and difforont solvont ratios for different 
solvents. Thus for phonol treatm ent the break occurs a t 92-5 v .i. and for SO, at 
60 v.i. If, thoroforo, tho operations are attem pted bolow tho solvents’ break point, 
tho solvont ratios required for a  givon yiold clfieioney w ill rapidly incroaso w ith  re
latively sm all increases in raffinate quality. C. L. G.

1304. Patents on Refining. Standard Oil Developm ent Corporation. E .P . 522,605,
21.6.40. Appl. 12.12.38. Treatmont of mineral oil w ithsoloctivo solvents by distilling  
in a batch still, condensing tho distillato obtained thoroby into a number of consecutivo 
fractions of narrow but progressively highor boiling rango, and treating thoso fractions 
consecutively w ith  a selective solvent.

E .I. Du Pont do Nomours. E .P . 523,451, 15.7.40. Appl. 29.12.38. Inhibition of 
deterioration of mineral hydrocarbons, etc., by incorporating therewith an arylidono 
amido obtained by condensing a polyamino w ith a proportion of an ori/io-hydroxy- 
substitutod aldehydo, which is aromatic in nature.

H . T. Bonnott. U .S .P . 2,206,151, 2.7.40. Appl. 15.1.36. Mothod of avoiding 
thickening of tho liquid oil during tho process of sulphurizing fatty  and mineral oils. 
This is achieved by heating a m ixture of tho liquid oil and sulphur in tho prosenco of 
an aromatic amino-compound, m aintaining tho oil in liquid form during hoating, and 
lim iting tim e of operation, to prevent substantial thickening.

W . A . Schulze. U .S.P. 2,206,921, 9.7.40. Appl. 6.10.36. Method of sweetening 
gasoline stock containing organic sulphur compounds of tho morcaptan type by con
tacting w ith a zirconium oxide catalyst. Tho morcaptans aro converted into hydrogen 
sulphide, which is thereafter separated from tlio gasoline stock. H . B . 31.
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Analysis and Testing.
1305. Analysis o£ Petrols. Physical & Physico-Chemical Methods. —  Abort. Sci. et 
In d ., 1940, 290 bis (Supplomont to Revue Mécanique), 53-GO.—Tho mothods discussed  
aro : (1) tho uso of Verdot’s law in tho magnetic rotation of tho plane of polarization 
of light ; (2) uso of tho G ladstone-Dalo and tho Lorenz-Lorentz formulas for specific 
refraction. Thoso properties aro highly constitutivo, and givo a clear distinction  
between tho paraffins and naplithonos and tho aromatic hydrocarbons, but they aro of 
lim ited value, as thoy do not discriminate between tho paraffins and naphthenes. 
Those can be distinguished by : (3) critical solution temperature, (4) infra-red absorp
tion ; each hydrocarbon has its own sorios of absorption band3 ; thus, it  is possiblo to 
distinguish botwoon straight-cliain and branchod-cliain paraffins, and honeo between  
pro- and anti-knock paraffin hydrocarbons. This mothod has not, so far, boon woll 
dovolopod, and is not accurato for quantitative investigations except for two com 
ponent fractions. (5) Ram an offoct ; oach hydrocarbon possesses its  own Raman  
frequencies, which are typical also of its  homologues. R . D . S.

Motor Fuels.
1306.* Motor Fuels o£ the Present and Future. G. Egloff. J . Inst. Fuel, Juno 1940, 
13 (72), 175.— A comprehensive survey is prosontod of mothods of production, proper
ties, and fuol value of a sorios of potroioum, coal, synthotic, and other motor fuels and 
components. These include tho following processes: distillation, thermal and
catalytic reforming, thormal and catalytic cracking, production of polymer gasoline, 
iso-octane gasoline, cataly tic dehydrogonation and thermal cracking of gaseous paraffins 
to produce oloiinos for further processing, alkylated gasolinos (sulphuric acid and ther
m al processes), aviation safoty fuels, comprossod gasos, and such fuels as ammonia, 
hydrogon, acotylone, and coal dust. Statistical data on tho oconomic possibilities of 
tho dohydrogonation procoss in conjunction w ith polymoriznt ion and iso-octano pro
duction and a note on tho chemical structure of compounds in relation to thoir octane 
rating are also prosontod. C. L. G.

1307. Patents on Motor Fuel. P. B . Ondordonk. U .S.P. 2,207,894, 1G.7.40. Appl.
8.12.38. Preparation of an alcohol fuol of tho nitrocelluloso-gol typo which has distri
buted theroin a sm all amount of asbestos in tho form of individual fl.no fibres. Tho 
latfor aro in sufficient quantity m aterially to roduco tho irregularity of burning which 
would othorwiso rosult from tho presence of tho nitrocellulose.

R . B . Rathbim . U .S .P . 2,208,105,. 1G.7.40. Appl. 28.8.37. Production of a 
stable motor fuol composed of a light-colourod gasolino stabilized by anthrnoono and 
locithin, tho am ount of anthracene and lecithin not oxceoding 15 lb./lOOO brls. of 
fuol respectively.

T. B . McCulloek and J. E . Pollock. U .S.P. 2,209,204, 23.7.40. Appl. 11.3.38. 
Preparation of a motor fuol having a vapour pressure betwoon 6J and 7.) lb. Reid at 
100° F. Tho fuel consists of substantial proportions of ¿sopontano, isopropyl other, 
and a brancliod-chain saturatod paraffin containing at least 8 carbon atom s in  tho 
moloculo blended to produce a fuol having 12-40%  distilled Engler a t 158° F.

H . B. 31.

Lubricants and Lubrication.
1308.* Piston-ring Coatings and their Effect on Ring and Bore Wear. 31. 31. Roonseh.

Soc. aut. Engrs, 1 940, 46 (5), 221-228.— Piston-ring scuffing m ost frequently occurs 
during tho break-in per iod ; it  has boon noticed for somo tim e, and often loads to 
oxcossivo boro and ring woar and high oil consumption. 3Iothods of treating the  
surfacos of piston rings have boon developod which aid in preventing scuffing during 
tho break-in period, Tho coatings m ay bo classified as chemical or m etallic. The
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chomicol aro : Forrox, an iron ox id o ; Granosoal, an iron-manganoso phoapliato; 
Graphitox and Grafotox, a zinc-iron pliosplialo w ith colloidal graphite; and Surfido, 
forrous sulphido. Tho m etallic coating is electrolytically deposited tin.

Tho oxide coating consists of two layers, their total thickness being 0 0003 in. I t  
is m ild ly nbrnsivo, so that the ring itself polishos high spots from tho boro ; tho softor 
outor layor pormits rapid seating and tho harder layor reduces tho rato of woar. Tho 
phosphato coatings aro softor than tho raw iron, which givos thorn a quick initial seating  
and lapping action. Thoso rings aro capable of adsorbing and retaining considerable 
am ounts of oil, which m ay help to prevent scuffing. Tho otchod surfaco of Surfide- 
troatod rings likewise acts as an oil reservoir, and tho iron-sulpliido coating has oxtromo- 
prossuro characteristics. Tho m etallic (tin) coating is soft and plastic, thus preventing 
localized prossuro. A ll thoso coatings possess anti-welding properties.

Tho author has conducted rapid broak-in tests which resulted in sovoro scuffing of 
untroatod rings, but tho treated rings w ithstood tho samo procedure w ith no signs of 
scuffing; thoso results aro illustratod by numerous photographs. On road testR, 
coatod rings showed 25% loss wear, and field oxporienco shows a marked reduction of 
oil-consum ption com plaints. IC. A.

1309. Aviation Lubricants. P. Lion. Sci. ct In d .,  1940, 290 bis (Supplement to  
llcvue Mecanique), 67-70.— Tho extrem e conditions in which an aircraft lubricant has 
to function demand an oil of tho highest quality. Tho necessary properties are high 
viscosity index, high spocific lioat and thermal conductivity, high oilinoss, low carbon 
value, low cold test, no corrosion of m otals, and good oxidation characteristics. 
Formerly, castor oil was an idoal lubricant, but w ith  tho rapid advance in porformanco 
of tho aoro ongino tho conditions bocamo m uch moro sovore than could bo withstood  
by castor oil, and tho uso of minoral oils is practically exclusivo. Tho French Air 
Ministry specified two grades of minoral aircraft ongino lubricant : “ heavy ” and 
“ m edium  hoavy ” defined b y  thoir viscositios in absolute units a t 35° and 100° C. 
In  addition, tho ratio between tho viscositios a t tho two temperatures wore fixed, and 
flash point, cold tost, and acid ity wore spocifiod. A catalysed agoing test was carried 
out, nftor which viscosity increase and hard asphalt wore measurod. Otlior tests, 
non-standard, but often carriod out and giving m uch usoful information on behaviour 
are : specific heat, friction tosts on tho W oog and on tho Charron machines, Conradson 
carbon residue, distillation, and interfacial tonsion w ith  water. Exam ination of tho 
oil aftor uso is carriod out w ith  reference to  tho eiToct of tho oil on tho ongino and 
vice versa ; it  includes m easurement of tho change of v iscosity, acidity, carbon residue, 
and estim ation of the content of diluent, ash, and products of oxidation. Correct 
interpretation of thoso sheds much light on tho bost lubricant for aoroplano engines. 
In  ordor that such an oil bo obtained, tho properly selected crudo m ust bo subjected  
to careful distillation, after which tho appropriate fraction undergoes doasphaltization, 
dowaxing, and filtration. Solvont refining is an advanco which now onables the finest 
product to bo obtained from tho crudo. Finally, oils thus refined can bo still further 
improved by blending in  special addition agents, chosen as the rcsidt of exhaustive  
tests, to  depress tho pour point, flatton tho viscosity curve, or to inhibit oxidation or 
corrosion. R . D . S.

1310. Patents on Lubricants and Lubrication. Standard Oil Developm ent Corporation. 
E .P. 523,524, 16.7.40. Appl. 21.7.39. Im provem ents in blending agents for lubri
cating oils. Tho agents found to  bo m ost satisfactory fall w ithin tho class o f alkyl- or 
aryl-substituted aromatic phosphite or thiophosphite ostors which contain further 
substituent hydroxyl or morcapto groups attached directly to tho aromatic nucleus.

E . W . Adams and G. M. M cNulty. U .S .P . 2,206,245, 2.7.40. Appl. 10.6.36. 
Preparation o f a lubricating com position consisting o f a minoral lubricoting oil and a 
small am ount o f an alkyl xanthic disulphido.

B. H . Lincoln, W . L. Stoinor, and A. Honriksen. U .S.P. 2,206,573, 2.7.40. Appl.
16.9.38. Production o f a lubricating com position consisting o f a major proportion of 
hydrocarbon oil and a minor proportion o f  a  halogenated alcohol.

C. F. Prutton, A. K . Smith, and H . E . Johnson. U .S .P . 2,208,161, 16.7.40. Appl. 
19.10.39. Preparation o f  a lubricating com position consisting of a major proportion
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o f mineral oil, a relatively inactive organic sulphur compound, and a minor am ount 
o f an organic halogon compound.

H . P . Lankolma. U .S .P . 2,208,218, 16.7.40. Appl. 4.9.36. Improving a  minoral 
oil capablo o f lubricating viscosity a t high tomporatures by incorporating therewith  
a small am ount o f a hydro-compound of tho group consisting of liydroquinino, hydro- 
qumidine, and hydrocinchomino. H . 13. M.

Gas, Diesel and Fuel Oils.
1311.* Mechanical Atomization oi Fuel Oil Heavier than Bunker C. G. C. Martinson. 
Oil Gas J .,  9.5.40, 38 (52), 80. (Paper before Fuels Division, A.S.M.E. Worcostor, May 
1940.)—Tho difficulties involved iu tho com bustion of hoavy cracking plant residues 
aro discussed and a suitablo type of burner is doscribod.

Tho oquipmont in question consisted of boilors fitted w ith combination burnors for 
oil and pulverized coal firing. When firing pulverized coal, tho fuel is m ixed with  
primary air a t tho pulvorizcrs and delivered through tho centre pipo of tho burner 
assem bly, w hilst secondary air is forced through the air prclieator by a forced draught 
fan and dolivorod to  tho burner assem bly outsido tho pulverized coal pipo. For fuel 
oil only tho socondary air supply is maintained. Difficulties wore caused owing to tho 
inadequate m ixing o f tho fuel oil and air causing heavy coko deposits on the sido-wall 
tubes. Tho oil flame failed to  fill tho throat, so that thoro was lit tle m ixing o f tho air 
and fuol, except a t tho outsido of tho oil flamo cone. After a sorios o f experiments with  
adjustablo air vanes, soloction was mado of a  mechanical atom izing burner tip dovolopod 
for steol-mill purposes, which produced a wido anglo o f spray. I t  consisted o f three 
atomizers set in a single burner head producing a flamo cono anglo of 120°. The 
burnors can bo withdrawn to a point a t which tho firo complotoly fills tho throat 
without danger of infringement o f tho oil spray on tho coal nozzlo. Thus tho atomized 
oil spray is forced into tho socondary air stream, ensuring eomploto combustion w ith  
little  oxcoss air.

Tho burnors havo boon in successful operation for 15 months, handling fuol o f 
800/1400 secs. S.F. a t  122° F ., operating costs comparing favourably with thoso given  
by pulverized coal. C. L. G.

1312. Patents on Diesel Oil. Standard Oil Dovolopmont Corporation. E .P. 523,143,
5.7.40. Appl. 13.7.39. Manufacture o f a comprossion-ignition fuol o f  tho diesel 
typo, consisting substantially o f a hydrocarbon fuel to  which has boon added a small 
am ount o f  an organic compound containing a thiocarboxylic acid radical. Tho latter 
imparts improved ignition qualities to tho fuol.

Standard Oil Dovolopmont Corporation. E .P . 523,522, 16.7.40. Appl. 21.4.39. 
Preparation o f a comprossion-ignition fuel consisting o f liquid hydrocarbons o f the 
diesel fuol typo and a small quantity o f a solublo organo-motallic compound or organic 
salt o f  a m etal selected from groups 2 and 5 o f tho Periodic System , and having an 
atom ic weight above that o f  zinc.

H. G. Bergor. U .S .P . 2,206,594, 2.7.40. Appl. 8.10.38. Preparation o f an improved 
diesel fuol composed of a  hydrocarbon fuol oil and a minor proportion o f hydrogen 
porsulphides and olomontnry sulphur in adm ixture therewith. H . B . M.

Asphalt and Bitumen.
1313. Preparation oi Asphaltic Emulsions Obtained from the Petroleum at Comodoro 
Rivadavia. S. Bortolotto. Bol. Inform Petroleras, March 1940, X V II (187), 78-80.—  
Tho asphaltic residuals obtained from low-pressure distillation of tho petroloum, as 
woll os thoso produced from blown m ixtures w ith extracts o f lubricating oils arising 
in tho treatm ent o f tho latter w ith  sulphur anhydrido, are not easily emulsified. 
Particulars are given of tho mothods which havo to  bo adopted in order to produce
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stable omulsions. Tables aro givon w ith particulars and characteristics o f  an emulsion  
of blown asphalt and ono o f Bitalco. A  further tablo is givon containing tho specifica
tions for asphaltic omulsions laid down by tho N ational Road Board. H . I. L.

1314. Patent on Asphalt. T. B . W ayne. U .S.P. 2,206,5S9, 2.7.40. Appl. 2.1.34. 
M ethod of resolving potroloum emulsions by subjecting them  to  tho action o f a wator- 
wottablo alkylated parucoumarono resin. H . B . 31.

1315. Patent on Road 3Iaterials. J . R . Goigy A.-G. E .P . 523,025, 3.7.40. Appl.
22.12.38. Uso o f  pulverized condensation product as a stiffenor for road materials 
consisting o f small stones and tar. The product is obtained by condensing w ith an  
aldehyde a  pinowood pitch o f substantial insolubility in potroleunr hydrocarbons. I t  
is added to tho road-surfacing material before or during its  laying. H . B . 31.

Special Products.
1316. Patents on Special Products. N .V. do Bataafscho Petroleum  3Iaatschappij. 
E .P. 522,559, 20.6.40. Appl. S.12.3S. Separation o f morcaptans from hydrocarbons 
with an aqueous solution o f an alkali m etal oxide containing a  substantial am ount o f  
a mixture o f  an alkali m etal alkyl phenolato and a sodium  salt o f a fa tty  acid having  
two carbon atom s in tho m olecule or a potassium  salt o f a  fa tty  acid having one, tw o, 
or six carbon atom s in t he molecule.

E .I. D u Pont do Nemours & Co. E .P . 522,643, 21.6.40. Appl. 16.12.3S. Pro
duction o f  diethers o f  dim othvlol urea by reacting substantially dry dim ethylol urea 
and one or more normal, secondary, or isomonohvdric alcohols a t a raised temperature 
in the presence o f  anhydrous m agnesium sulphate.

E.T. Du Pont de Nemours & Co. E .P . 522.644, 24.0.40. Appl. 16.12.38. Prepara
tion o f  an other o f  a m ethylol urea by reacting wafer-w et m ethvlol urea w ith  a  mono- 
hydrio alcohol in the presence o f  an acid catalyst and neutralizing tho acid catalyst 
«viler substantial com pletion o f  the reaction.

Society o f  Chemical Industry in Basle. E .P . 522.658, 24.6.40. Appl. 19.12.38. 
Manufacture o f  nitrogenous naphthalene derivatives by causing a halogenated naph
thalene which contains at least tw o halogen atom s, at le«vst ono o f  which is in a fl-posi- 
tiou, to  react w ith a  compound which cont«vins a t lc«vst ono hydrogen atom  attached  
to a  nitrogen and contains the radical o f  a  compound capable o f  being vntted.

Howard and Sous. E .P . 522,729, 26.6.40. Appl. 30.9.3S. Manufacture o f  m anni- 
to l by svibjeoting fructose to  cat«vlytic hydrogenation in the presence o f  an added  
organic polyhydroxy compound raid isolating mramitol from the product o f  hydro
genation.

I.G. Farbenindustrie A.-G. E .P , 522,835. 2S.6.40. Appl. 19.12.38. 3r<vnufacture 
o f  trichloracetonitrile by chlorinating acetonitrile while exposing it to  a source o f  light 
and to a temperature o f  50-80"' C,

E .I. D u Pont do Nemours. E .P . 522.810, 28.6.40. Appl. 19.12.38. Process for  
the manufacture o f  secondary alkyl nvcmosulphonio acids or sa lts thereof,

,T. D . Riedel and E. de H aen A.-G. E .P . 523.047. 4.7.40. Appl. 28.10.37. Process 
for the preparation o f  a trisuhstituted barbituric acid.

II . Gudgeon anil R . H ill. E .P . 523.080. 4.7.40. Appl. 20.12.39. Manufacture o f  
l-curbalkoxy- and -cArbaikoxyalkoxy-butadienes-1 ; 3 by beating alkyl or  alfcoxy- 
alkyl «-acyloxy-8-ethylidcne propionates in gaseous or vapour form at a temperature 
between 350'' raid (500* G.

Standard Oil Developm ent Corporation. E .P . 523,2,18. 10.7.40. Appl. 31.10.38. 
I V p r n t i m  o f  solid copolym ers o f  isebutylene and butadiene by reaching 50-90 by
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weight o f  fsobutyleno w ith 5-50%  by weight o f a  butadiene a t a  temperature below  
— SO3 C. in tho presence o f  a catalyst consisting o f  an aluminium chloride-ethyl 
chloride com plex.

Society o f  Chemical Industry in Basle. E .P . 523,396, 15.7.40. AppL 3.10.38. 
Manufacture and application o f  ether and ester condensation products.

Society o f  Chemical Industry- in Basle. E .P. 523,448, 15.7.40. Appl. 29.12.3$. 
Manufacture o f  melamino from mclam by heating the latter in a  closed vessel a t a  
temperature above 150° C. w ith  anhydrous ammonia.

4
R . Greenlialgh. E .P . 523,466, 15.7.40. Appl. 30.12.3S. Manufacture o f  roono- 

hydroxyalkylam ides o f higher fa tty  acids by the interaction o f  a  m ethyl or ethyl ester 
or a  glyceride o f  a  higher fa tty  acid and a  monohydroxyalkyiamine having 2, 3, or 4 
carbon atom s.

J . R . Geigy A.-G. E .P . 523,496, 16.7.40. Appl. 9.1.39. Improvement in the 
manufacture o f  condensat ion products from ¡satin derivatives and phenols. 1 mol. o f  
an N -benzylatedisatm sulphonic acid is  condensed w ith  about 2 mols. o f  a  phenol or 
homologuo thereof or o f an ether o f  such a  phenol or homologue.

Standard Oil Developm ent Corporation. E .P . 523,520, 16.7.40. Appl. 16.3.39. 
Preparation o f  an em ulsion consisting o f  a  mineral oil, a  water-soluble sa lt o f  an i*o- 
butyl phenol sulphonic acid, and oil-soluble salts o f  the sulphonic acid compounds 
obtained b y  the treatm ent o f  petroleum oils w ith  strong sulphuric acid.

F . W . Kirkbridc. E .P . 523,555, 17.7.40. Appl. 4.1.39. Oxidation o f  trichlor- 
ethyleno byr treatm ent w ith gaseous oxygen. The trichlorethyleno is exposed to  actinic 
radiation up to  tho singe wherein the reaction liquor has acquired an acid value o f  
3X  and preferably between 15 and 20X. Subsequent oxidation is carried out a t  a 
temperature above 50° C.

B ritish Celanese, L td . E .P . 523,635, IS.7.40. Appl. 11.1.39. Conversion o f  
alkyl alcohols into polymerizable alkyl esters o f  unsaturated acids by oxidizing the  
alkyl alcohol to  the corresponding unsaturatcd aldehyde, treating the aldehyde w ith  a 
concentrated alkali solution, and converting the alkali salt thus produced into  an osier  
b y  treating w ith  an alkyl ester o f  an inorganic acid.

Armour and Co. E .P . 523,705, 19.7.40. Appl. 17.2.39. Preparation o f a  naph
thalene containing as a  plasticizor an am ide o f  tho general formula BCONH/?', wherein 
It is an alkyl radical containing a t least nine carbon atom s, and l i'  is hydrogen, an  
aromatic or aliphatic hydrocarbon radical, or an aliphatic acyl radical.

H . B . H ass. U .S .P . 2,200,813, 2.7.40. Appl. 31.8.36. Production of nitrohydro- 
carbons by chom ically combining. Substantially pure nitrogen dioxide and a satur
ated hydrocarbon containing moro than 2 carbon atom s are contacted wholly in  the 
vapour phase a t a temperature of 300-600’ C.

J . 51. W eiss. U .S .P . 2,206,377, 2.7.40. Appl. 6.8.37. Production of maleic acid  
from benzene by passing bonzeno and air over a heated contact m ass having a produc
tive  catalytic agent.

J . W. P u tt. U .S .P . 2,207,552, 9.7.40. Appl. 8.12.36. Production of aromatic 
hydrocarbons and diluonts and solvents of a predominantly aromatic hydrocarbon 
content tho dilution ratio, kauri butanol, and dim ethyl sulphate value of which elosely 
approach or equal thoso of coal-tar aromatic hydrocarbons produced by the pyrolysis 
of coal.

W . E . Currie. U .S .P . 2,209,190, 23.7.40. Appl. 11.1.36. Manufacture of hydro- 
carbons from carbon oxides by subjecting a m ixture of an oxide of carbon and hydrogen 
to  the action of a  Fischer-Tropsch catalyst a t temperatures between 3S0’ and 450' C. 
and at a  total pressure between 10 and 20 atmospheres, but in  tho presence of sufficient 
diluting gas to  ensure a  partial pressure of combined reactants below 5 atmospheres.
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Detonation and Engines.
1317.* Economic Aspects o£ Light Airplane Engines. C. T. Dom on. J . Soc. aut. 
Engrs, 1940, 47 (1), 284-290.— Tho author’s organization has developed a basic design, 
of 4-cyl. horizontally opposod air-cooled ongino which is used both for commercial 
vohiclo and light aircraft applications. W hilst thoro aro numerous detail differences, 
the sim ilarity of parts perm its tho use of tho same production fixtures, w ith consoquont 
roduction in cost of tho aircraft unit. B oth  modols uso 73-octano fuel: Tho com 
mercial ongino dovolops 45 b.h.p. w ith 5-5 : 1 compression ratio ; tho aircraft engine 
55 b.h.p. a t 6-6 : 1. A  description is also givon of a  4-cyl. opposod ongino developing  
80 b.h.p. with 73-octnno fuol. IC. A.

Coal and Shale.
1318. Patent on Coal. J. Jaimok. U .S .P . 2,208,514, 1G.7 40. Appl. 11.9.37. Pro
duction of pulverulont motor fuol for coal-dust motors by treating solid extracts of coal 
w ith oxides of nitrogon in such a w ay that tho initial material retains its loose pulver
ulent condition, and nitrogon and oxygon aro incorporated w ith tho coal extract.

H. B . M.

Economics and Statistics.
1319.* Economics of Liquefied Petroleum Gases. J. W. Vaiden. Oil Qas J .,  23.5.40, 
39 (2), 74. (N .G .A .A . papor Tulsa, May 1940.)

Tho economics of tho utilization of propano and butnno as dom estic fuol, in central 
gas plants, as fuol for I.C. engines or as a blending agont and in polym erization and 
related processes is discussod. Conclusions reached aro :—

(1) Extraction of propano and butane boyond tho lim its incidental to  officiont 
recovery of natural gosolino is likely to prove uneconomical, it  boing calculated that 
tho cost of tho oquipmont necossary to recover 95% of tho butanes am ounts to  $4/$15  
per gallon of gasolino recovered (doponding on tho butano content).

(2) Tho oxtonsion of the markoting of propano as domostic fuol offers sm all possi
bilities of profit, owing to heavy investm ents nocossary, increased com petition, and 
oxpensivo distribution costs in thoso sparsely populated areas wlioro a  market still 
remains.

(3) Butano is moro economical to distribute, owing to tho lower pressure and lighter 
containers usod. I ts  uso as domostic fuol lias not boon as highly dovolopod as that 
of propane, but present supplies of butano aro moro than sufficient for this purpose, 
so that its futuro value w ill depend moro on tho demand for other puiposes.

(4) Tho extonsion of tho uso of propano or butano in contral gas plants offers possi
bilities, particularly for communal or privato plants for tho genoration of olectricity, 
operation of water and sowago pumps and rofrigoration plants.

(5) The use of butano and/or propano as fuol for I.C. onginos for farm machinory, 
trucks, and buses is woll dovolopod, and is now spreading into tho oil-fiolds for drilling 
oquipmont. A n incroase in liorso power of moro than 56% with a  9-95 compression 
ratio using propane fuol or 19-3% w ith  a 6-75 compression ratio using butano is shown 
over a  61 O.N. gasolino at a  4-38 : 1 compression ratio. Fuol savings of 30-9% havo 
been shown w ith thoso gasoous fuels. N o advantago is givon unless the compression 
ratio is increased.

(6) I t  was calculated in  1934 that tho incorporation of 5% of butano in m otor fuol 
would savo tho industry $55,000,000 per annum, chiefly duo to lowering of crude oil 
requirements and saving of totraothyl lead.

(7) Liquofiod gases available in refineries noar largo centres of consum ption offer 
com petition w ith  natural gasoline plants located at somo distance from tho point of 
distribution. Tho groator uso of those gases for polymerization or alkylation would  
reduce this com petition. A t present thoso processes can only bo considered in con
nection w ith refinery oporations, since natural gas requires oxponsivo cracking oquip
mont to produco tho nocossary basic products, and, in addition, refineries possess tho



nocossary blending materials. Diversion of propeno and buteno from gasolino to 
polym erization plants will require the purchasing of additional quantities of butano. 
Its  value as gasoline is ostimatod at 6 conts per gallon or as fuol at 0-7 cont por gallon, 
so that if half of tho availablo butano-butone is used for oach purposo, it can bo re
placed b y  butano for which as high as 3-35 cents per gallon can be paid. A lternatively, 
natural gasolino containing, say, 30% butano m ay bo usotl to obtain tho nocossary 
volatility . C. L. G.
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BOOK REVIEWS.

Physical Constants of Hydrocarbons. Volume 2. Cyclanes, Cyclenes, Cyclynes, and Other
Alicyclic Hydrocarbons. B y  Gustav Egloff. Bp. G05. Reinhold Publishing
Corp., Now York, or Chapman & H all, London. Price 72s.

On tho occasion of tho publication of Voluino 1 of this scries early in 1939, a  
roviewer wrote, “ W hen tho Universal Oil Products Co. publish a  work composed  
ontiroly of data, statistics, and bibliography, petroleum chem ists aro assured 
w ithout tho recommendation of a roviewer that no organization is hotter fitted  
to  compile such a  book, so high is tho reputation in the petroleum  world of tho 
Records and Filing Departm ent of this Company.”

T hat th is opinion w as wliolo-heartedly endorsed by petroleum  chem ists is ovident 
from tho widespread success of Volumo 1, and there is  no doubt that Volume 2 
w ill achieve an equally appreciative reception.

Tho present volumo follows tho same system  as tho first— that is to say, it embodies 
all tho available data on tho principal physical constants of tlio hydrocarbons—  
nam ely, molting point, boiling point a t  various pressures, specific gravity and 
refractive index, each entry bearing tho referenco to tho source of information. 
T hat novel and very valuablo feature of Volumo 1, tho indication as to which of 
th e  data is  considered tho m ost reliable, lias boon retained.

Volumo 2 deals w ith tho alicyclic hydrocarbons (excluding tho aromatic sorios) 
and covers tho cyclanes, cyclones and di-, tri- and tetra-onos, cyclynos (acotylenic 
typos), spiro-liydrocarbons, and “ hydrocarbons of known but unclassified struc
ture,”  sonio of which, such os tho carotenes, aro of extrem e com plexity. Lastly, 
thoro is  a m iscellany of hydrocarbons of unknown structure and frequently fanciful 
namos. Many of thoso aro sesquiterpenes deriving their names from their natural 
origin.

In  compiling this volumo Dr. Egloff has had a much moro difficult task in m any  
ways than ho had in the previous volum e. Tho alicyclic compounds in  tho first 
placo havo received on tho whole much loss attention from chem ists than the 
open-eliain hydrocarbons, so that data aro fower and less reliable. Goomotricnl 
isomerism is a much moro complicated phenomenon w ith cyclic hydrocarbons than  
w ith opcn-chain olofinos, and in all but a few cases the spatial structure of the  
hydrocarbons described is entirely unknown, although very considerable alternative 
configurations aro possible. E ven nomenclature is confused. Chemists frequently 
term  tlieso hydrocarbons polym ethylenos, naphthenes, and in somo cases hydro- 
aromatics and torpenes, as well as cyclanes (or -ones) and ci/cioalkanes. Dr. Eg 1 off’s 
first and probably m ost difficult task was to decide on his system  of nomenclature, 
which was required to  cover an extraordinarily wido rango of hydrocarbon types. 
H o decided to base his system  on tho Genova International Rules, though certain 
adaptations and amplifications proved necessary. This leads to somo very formid
able and complicated terminology, especially in tho bieyclic teipeno sories. How- 
over, Gonovn terminology is a t any rato consistent, and can w ith practice (wo 
supposo) bo learned, so wo m ust adm it that Dr. Egloff has succeeded in  a  task  
which would daunt m ost chem ists.

Petroleum chem ists will not find as much in th is volumo as in tho la st of direct 
interest to them , for whereas tho open-chain paraffins and olefines aro m ot w ith  
at every turn in modern petroleum chemistry, tho naphthenes so far have been a  
field little  known, and not extensively employed in  synthetic operations. Interest, 
howovor, has turned to cyclization, so that naphthenes aro not likely to remain 
in tho somi-unoxplored territory they  havo hitherto occupied.

Wo can, therefore, ropoat in all sincority that this volum e, liko its predecessor, is 
ono that all potroloum research laboratories should possess for purposes of refer
ence, even though the rather formidable price of 72a. m ay cause hesitation.

F. B . Thole.
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Industrial Plastics. B y  Herbert R . Sunonds. Pp. xii -j- 371. Sir Isaac P itm an &
Sons, L td ., London. Prieo 22s. 6d.

This volumo, in  spito of tho wide scopo of its title, makes no claim to  bo a general 
treatise on tho chem istry, properties, or technology of plastic substances. Although 
there is a real need for a  book covering modern aspects of tho production and 
fabrication of moulding’powders and plastic articles, tho present volumo can only 
in part bo considered as filling th is gap. Mr. Simonds is concerned mainly with  
a very general description of tho proportios of tho more common synthetic resins 
and American practice in their uso. Tho general arrangement is, however, rather 
confused and insufficiently concise, and there is a great deal of repetition of material, 
notably in Chapters I , II , I I I , V I, and IX . Tho toxt is, moreover, rather marred 
by long and tedious lists of common articles, from ping-pong balls to stnrehlcss 
collars normally fabricated from tho various synthetic resins, while the “ s lic k ” 
American prose makes odd reading to British ears in a technical work.

Chapters I  and I I  dealing m ainly w ith tho classification of plastics and their 
basic raw materials aro perhaps tlio least satisfactory, and tho author overcomes 
tho woll-known difficulty of classifying these materials by merely quoting a number 
of rival system s, ono of which is worthy of reproduction hero :

“ (1) Animal (casein), (2) vegotablo (colluloso), (3) mineral (phenolics), (4) air
(nitrates-ureas).”

Chapter I I I— “ Ton Im portant P lastics ”— deals reasonably adequately, but in  
vory general term s, w ith  tlio production and proportios of tho common synthotic  
rosins, bu t no attem pt is  mado to  deal w ith  chemical and physical properties in 
detail or w ith the production of tho moulding powders in  tho chemical aspects.

Tho noxt fivo chapters cover a good general account of moulding, casting, and 
lam inating techniquo and practico, including mould design and fabrication, but 
a moro detailed discussion of injection m oulding practico would hero bo advan
tageous. Tlicso chapters aro copiously illustrated by excellent photographs of 
m oulding equipment, etc., and of moulded plastics.

Chapter X  deals all too briefly w ith th e  natural rosins and waxes, rubber and 
tho alky rosins, w hilst Chapter X I  gives a very useful account of tho fundamentals 
of tho design of plastic articles.

Chapter X V  attem pts in  very sm all com pass to deal w ith tho structural chemistry 
of tho common synthetic resins and to  distinguish between tho properties of m ole
cules w ith two- and thrco-dimensional linkages in term s presumably intelligiblo 
to  the laym an—hero there aro an undosirablo number of errors in  tho formula}.

W hile the author’s enthusiasm  makes excellent propaganda for the extended 
uso of plastics, it  is difficult to recommend th is  book to any specific class of reader. 
I t  should, however, prove useful to ono desiring a risum i of tho properties of 
synthetic rosins in relation to  m othods of processing them , to tlio user and potential 
user of moulding powders desiring to  appreciate llio full rango of products and 
m ethods now available, and perhaps to tho student in conjunction w ith a moro 
scientifically based toxt. E . W. M. F a w c e t t .

This Fascinating Oil Business. B y Max W. Ball. P p. 444. Bobbs-Merrill Co.,
Now York.

This book equally well deserves tho adjective fascinating. I t  is well printed on 
good papor, of a  convenient size, of reasonablo prieo and good valuo for the money. 
Tho author is well qualified to writo on tho subject, having boon associated with  
tho industry in  various capacities for thirty years. H is experience w ith tho U.S. 
Geological Surve3r, w ith tho U .S. Bureau of Mines, and w ith two major oil com 
panies, and his connection w ith scientific and technical societies havo obviously 
given him  a  remarkablo knowledge of all branches of tho industry. This rather 
raro combination, together w ith an easy and attractive style, has enabled him  
to  produce a remarkable book.

The book is offered “ to  eager-minded peoplo as a journey of discovery.” I t  
will bo equally pleasing and interesting to  people who aro engaged in ono or 
moro branches of the industry, who w ish to  havo somo knowledge of its other 
branches explained in a sim ple but accurate manner. A wise start is made by
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som e definitions and usages which aro im portant, as m any words in the oil jargon 
aro used in  special sonscs. Tho second chapter is unusual; it  gives tho reader 
short introductions to the oil-men, lease-men, pipe-linors, toolpusliers, shooters, 
promoters, and salesmen. The chapter on oil geology is clear, up to date, and  
well illustrated by good diagrams. Geophysics is well handled and tho information  
givon ro tho latest mothods is right up to date. This is followed by a m ost interest
ing chapter on “ Acquiring tho R ight to Drill,” unusual in a book which is mainly  
technical. Two chapters are devoted to drilling, including all the associated opera
tions of acidizing, mudding, fishing, coring, and others. This chapter is well 
illustratod.

A concise chapter deals w ith tho principles of producing, explaining water 
and gas pressures, gas-oil ratios, and decline curves, as well as proration and 
potential production. This is followed by ono on tho mechanics of th is subjoct, 
which deals also w ith such problems as the life of a field, cost of production and 
m ining oil sands, w ith  special reference to Pochelbronn and Alberta.

Tho chapter on transportation deals well w ith pipo-lines and tank wagons, but 
dism isses tho im portant subject of tankers w ith a picture and a fow words.

The simplo chem istry and physics of refining aro treated clearly, but in  an  
olomontary way. Tho necessary points in specifications for various products arc 
cloarly oxplainod, but tho treatm ent is in  som e cases oven too elementary, assum 
ing that tho rcador knows nothing of elem entary scionco. Only tw enty pages aro 
devoted to  tho refinery operations; tho subject is, however, well condonscd, and 
all tho im portant operations are mentioned. “ M ost refineries havo a pungent 
and pervasive odour th a t only refiners appreciate. I f  you  would liko to  fill your  
lungs w ith unpolluted air suppose wo tako to tho open road and watcli tho marketing 
of tho products wo havo m ade.”

Tho vastness of tho distributing in  comparison w ith  the producing and refining 
industries is emphasized, but th is is woll condensed into the confines of ono chapter. 
This chapter is very far from being a  more description of the m othods of distribut
ing, as it  deals w ith such interesting subjects as prices, com petition, service and 
salos efficiency, and the law of supply and demand.

Tho remaining third of the book deals w ith  research and future possibilities; 
tho historical dovolopmont of tho industry in  tho Old and Now W orlds; and oil 
and tho war. These chapters aro well written, and contain a  v a st am ount of 
interesting and accurate information, and provide very interesting reading. -

Tho last chapter— “ Oil and the War ”— is necessarily now out of date.
The book is not written for oil-mon, but for those who w ish to got a clear and 

interesting picture of the industry as a whole. This picture is woll presented in 
a brisk style. M ost of tho exam ples aro taken from American practico. There 
are a fow m istakes and inconsistencies, bu t thoy aro not of importance. Tho 
official A .P .I. spelling of korosino is not adopted. Tho view  that oil is produced 
by slow distillation is not gonerally hold, “ aluminum ” is hardly strango to  E nglish  
readers, but “ busses ” is. There aro a fow misprints, m ainly in  placo names. 
Tho index is full and good.

Tho book is certainly worthy of a place in the librarios of all those who are engaged 
in  any section of tho industry and tako an interest in  others or in  tho industry  
as a whole. J . K e w l e y .

Conversion o£ Petroleum. Production o i Motor Fuels by Thermal and Catalytic Pro
cesses. B y  A . N . Sachanon, D .Sc. Pp. 413. Roinliold Publishing Corporation,

330 W est Forty-Socond Street, N .Y ., 1940. Price 38«.

Tho scopo of this comprehensive troatiso can best be gaugod by listing the headings 
of tho chapters, which aro as follows :—

Chapter 1 : Thermal and Catalytic Reactions of Hydrocarbons.
,, 2 : Fundam ental Factors of Cracking.
„  3 : Fundam ental Factors of Hydrogenation.
„  4 : Cracking Equipmont.
„ 5 : Cracked Gasoline.
,, 6 : Treatment of Cracked Gasolines.
„  7 ; Cracked Products othor than Gasoline.
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As m ay be expected from ono of tlio authors of Chemistry and Technology of 
Cracking, tho subjects are very fully dealt w ith. A lm ost 400 references from 
published literature aro givon, m any of them  from articles published in 1939, so 
that tho volumo is cloarly up to dato, and no important aspect of tho subjects has 
been neglected.

Interesting com ments are made on the Houdry System  of Cracking, but the main 
valuo of tho book lies in  tho bringing together in one volumo of such a largo number 
of oxtracts from tho litoraturo which is so largely published by m onthly journals.

A fow errors caught tho reviewer's oyo, such as on page 241, whore a heat transfer 
of “ 15000 to 20000 B .T .U . per square inch ” is cloarly in error for that quantity per 
square foot.

The definition of “ cracking ” on page 103 appears to be unnecessarily rigid—  
i.e ., the treatm ent of potroleum products a t temporatures higher than 400° C., for 
the decomposition of thoso bodios w ith aluminium clilorido a t 200-250° C. referred 
to on page 143 is undoubtedly a cracking reaction.

In  Table 90, page 194, a  definition is needed in the last column referring to yield, 
and the reviewer quostions tho soundness of the reasoning at tho end of paragraph 3, 
page 246, regarding vapour locking of a hot oil pump.

Tho diagrams aro m ainly of good quality, and in m ost easos tho description of tho 
diagram is on tho page facing it.

These criticisms aro, however, minor when contrasted w ith the vast amount of 
information contained in  tho volumo. W .  N .  H o y t e .

BOOKS RECEIVED.
Medical Manual of Chemical Warfare. 1939. Supplement. Arseniuretted Hydrogen

Poisoning. Pp. 7. H.M. Stationery Office. Price 2d. net.

This pam phlet gives an account of the general properties and detection of 
arseniuretted hydrogen, together w ith  a detailed description of the sym ptom s, 
pathology, and treatm ent of poisoning by th is gas. The m ost characteristic 
feature of its  action is tho destruction of tho red-blood corpuscles, w ith  the con
sequent appearanco of haemoglobin in  tho urine and the development of jaundice 
and anaemia. The kidney and liver are also directly affected by tho absorbed 
arsenic. Exposure for a few m inutes to a high concentration of arseniuretted 
hydrogen m ay be rapidly fatal.

Transactions of the Institution of Chemical Engineers. Vol. 17, 1939. Pp. 201.
Institution of Chemical Engineers, 56, Victoria Street, W estminster, London,
S .W .l.

Am ong the ten  papers presented before the Institution during the past year, 
the following m ay bo mentioned as being of particular interest to the Petroleum  
Industry :

Problems of Compressors and Compressed Oases in  Industry. (R. L. Quortier.)
Heat Transmission in  Evaporative Condensers. (A. K . G. Thomson.)
The Theory of Qas Compression and Circulation. (Prof. D . M. New itt.)
Some Aspects of Fundamental Research on the Corrosion of M etals. (W. H . J.

Vernon.)

The Journal of the Iron and Steel Institute. Vol. CXLT, No. 1, 1940. Proceedings,
x iv  -j- 1 p-458 p ; Abstracts and Bibliography, 1 a-3 2 1 a ; Indexes, 1-61. Iron
and Steel Institute, 4 Grosvenor Gardens, London.

This volum e contains nino papors presented at tho Annual General Meeting hold 
in London on May 2nd and 3rd, 1940, together w ith discussions and correspondence 
on them . Tho volume, as in preceding years, is divided into two sections. Section 1 
opens w ith the Minutes of Proceedings, including tho speeches mado at tho Members
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Luncheon, tlio Report of Council and Statem ent of Accounts for 1939, and tho 
papors enumerated abovo. Section II  is dovoted to  a  survey of literature on tho  
manufacture and properties of iron and stool and kindrod subjocts.

Transactions of the Institute of Marine Engineers. Vol. 51. Session 1939-1940. P p-
397. Published by the Institute, London.

Sixteen papors road boforo tho Inslitu to  during tho 1939-1940 Session aro repro
duced, including two on diosel installations, viz. :—

Some Recent Installations and their Characteristics. (C. C. Pounder.)
The Origin and Development of the Heavy-Oil Engine. (Akroyd Stuart.)



INSTITUTE NOTES.
S e p t e m b e r , 1940.

STU D EN TS’ MEDAL AND PR IZE.

The Council has awarded the S tudents’ Medal and Prize to  Mr. 
T. Y. Ju , S tud .Inst.P et. (Birmingham University), for an  essay on 
“ Behaviour of Fuels in C.I. Engines.”

A Special Prize has also been awarded to Mr. D. G. Brunner, 
S tud .Inst.P et. (Birmingham University), for an  essay on “ Mud 
Fluids for Drilling.”

B. A. M urphy (Melbourne) and P. G. Owen (Birmingham U ni
versity) have been highly commended for their essays.

N EW  MEMBERS.
The following elections have been made by the Council in accord

ance w ith the By-Laws, Section IV, Para. 7.
Elections are subject to  confirmation in accordance with the By- 

Laws, Section IV , paras. 9 and 10.

B r o w n ,  Norman Fraser 
K u h n ,  W ayne Edward 
P r u t t o n ,  Carl F .
S m i t h ,  Roland Wilfred John ... 
S u t e r ,  H ans H .

A s Fellows.
Burma.
New York. 
Cleveland, Ohio. 
Shell Haven. 
Trinidad.

Transfer to Fellows.
H u n t e r ,  Thomas Girvan ...  . .. . .. Birmingham.
K e i o h t l e y ,  W alter Allison ... ................. London.
L e w i s ,  Robert Illtyd  ...  . .. . .. . .. Teddington.

A l l e n ,  Eric Edgerton ... 
A l l e n ,  Sydnoy H ugh ... 
M i l l s ,  Leonard 
M o o n ,  Alec
M o o r e ,  Lancelot Frederick 
S m i t h ,  Jam es E dw ard ... 
S t o t t ,  Victor H ow ard ... 
T h o m p s o n ,  John Rennet 
T u l l y ,  Jam es ...
Y o n g e ,  Dudley Arthur

C o o p e r ,  Arundel David

A s Members.
Anglesey.
Leeds.
Ormskirk.
Pinner.
East Moseley.
Trinidad.
Manchester.
Manchester.
Thropton (Northumberland). 
Chester.

Transfer to Member.
............................... Egypt-

A s Associate Members.
A g o s t i n i ,  Pierre L eo n ............................................ Trinidad.
G i b b s ,  Eric C la r e n c e ............................................ London.
P e a s e ,  Sherman L e v i ............................................ Minneapolis.
B i n d e r ,  John Cuthbert ............................... Nottingham.
R o u o h s e d g e ,  Norman Donovan ... . .. Sunderland.
S im p s o n ,  Michael John ..............................  Teddington.

Transfer to Associate Members. 
I I a w o u t h ,  Alfred John ... . .. . .. Burma.
P a c i i a c h i ,  Nadim  ............................................ Iraq.

P y m a x ,  Lawrence Lee .
A s Student.

... Cranwell.



ii INSTITUTE NOTES.

The following have applied for admission to  the In s titu te  or 
transfer to  another grade of membership, and in accordance with 
the  By-laws the proposals will not be considered until the  lapse of 
a t  least one m onth subsequent to  the  issue of th is Journal, during 
which any  Fellow, Member, or Associate Member m ay communicate 
by le tter to  the  Secretary, for the confidential inform ation of the 
Council, any  particulars he m ay possess respecting the qualifications 
or su itability  of any  candidate.

The object of th is inform ation is to  assist the Council in grading 
candidates according to the class of membership.

The names of the candidate’s proposer and seconder are given in 
parentheses.
B a a k s ,  Gerrit., Chemical Engineer, c / o  Mrs. Bailey, Edgerton H ouse, Great 

Sutton, Wirral. (./. A . O rie l; 11. LeQ. Herbert.)
B u s h ,  Sydney Steve, Technical Representative (Shell-Mex <£■ B .P ., L td.), 

4 1 ,  W eym outh Avenue, Ealing, W .o. (A . E . Hope ; F. X . H arrap.) 
D a v i d s o n ,  Anthony Dryden, B .Sc., Chemical Engineer, c/o  Foster Wheeler, 

Ltd., Aidwych House, Aldwych, London, W.C. 2. (A. IP. X ash  ; R . K .
Fischer.)

F l e t c h e r ,  Charles Horace, Mechanical Engr. and Driller, A.T.M .N., L td., 
P.O., Barak in Ladi, Northern Nigeria, W.A.

H o l e ,  Herbert W ray, General Manager, New Brunswick Gas & Oil Fields, 
Canada. (C. A . P . Southw ell; A . E . Dunstan.) (Trans, to Fellow.) 

H l'b le y , John Stuart, B.Sc., Refinery Operator. Trinidad Leaseholds, Ltd., 
Pointe-a-Pierre, Trinidad, B .W .I. (11. G. Banks : J . T. T . Robinson.) 

J o h n s t o n ,  Douglas Gordon, Lubrication Engr. ( The Texas Oil Co.), 1 8 5 , 
W elling W ay, W elling, K ent. (-Y. L. .4 nfitogoff ; IP. A . Webster.)

K e a c h ,  Raym ond Harry, B.Sc., Chemical Engr., Foster Wheeler, L td., Aldwych  
House, London, W.C. 2 . ( .4 .  TP. X ash ; R. K . Fischer.) (Trans, to . 4 . . ! / . )

L a n g d o n ,  Charles Ernest Jam es, B.Sc., Chemist, 3 2 , Moor Mead R oad,Tw icken
ham, Middx. (Dr. Dunstan ; D . A . Howes.)

L e  B l a n c - S m i t h .  W illiam  Leonard, Technical Representative (Vigzol Oil 
Refining Co.), " Walnut Tree Cottage,” Great Barton, Nr. Bury St. 
Edm unds, Suffolk. (S. Ellim an ; L . M ills.)

M a r g o s c k e s ,  Charles G., Ing.-Dr., Research Chemist, 113, Hubert Grove, 
London, S.W. 9. (M . L. Steinschneider ; Singer.)

R a l p h ,  Noel Albert, W orks Chemist (Horton M anufacturing Co.), 7, Frankland 
Close, Croxley Green, H erts.

W ard , Stanley Allen, B .Sc., A.I.C., Chemical Engr. (Foster Wheeler, Ltd.), 
“ Tresco,” 7. Seaforth Gardens, Stoneleigh, Ewell, Surrey. (R. K . Fischer ; 
W. H . Hogte.)

A R TH U R  W. EASTLAKE,
Honorary Secretary.

C A N D I D A T E S  F O R  A D M I S S I O N .

ANNUAL R EV IEW S OF PETR O LEU M  TECHNOLOGY
Volume 5 

9" X 6". 457 pp. 11*. 0d., post free.

Volume 5 of th e  series A nnual Reviews o f Petroleum Technology 
was published a t  th e  beginning of Septem ber. I t  covers develop
m ents in the  industry  during 1939 and  early 1940. M embers and 
subscribers to  th e  Journal m ay purchase one copy a t  5s. 6d. (post 
free to  U nited K ingdom  and abroad).



Steels specially suitable 
for the Oil Industry

M A N G A N E S E  S T E E L
for Sprockef Wheels, Pulleys,

T R A D E M A R K  e *C *

n o n -c o r r o d i n g
S T E E L  for Thermowells

C . R .

ERA

H E A T - R E S I S T I N G
S T E E L S  for Tube Supports, 

H,R> Heal Exchangers, elc.

H A D F I E L D S  L ™
EAST HECLA AND HECLA WORKS
SHEFFIELD......................ENGLAND

|M»», „■»l||„tM*ll,||ll<
N o. 2334

CONTINUOUS WASHING
Mott Plants are effi

ciently and continuously 

washing millions of gallons 

of Petroleum products dally. 

Designed for any capacity. 

May we submit schemes to 

suit your needs ?

H O L L E Y  (H\M) M O T T

n t i n u o u s  C o u n t e r - C u r r e n t  P l a n t

Kindly mention this Journal when communicating with Advertisers.



J u s t  P u b l i s h e d

A N N U A L  R E V I E W S  O F  
P E T R O L E U M  T E C H N O L O G Y

V o l .  5  ( C o v e r i n g  1 9 3 9 )

Authoritative reviews of developments 
during 1939 and early 1940 in the 
petroleum and allied industries. Each 
chapter is accompanied by an extensive 
bibliography.

C lo th  Bound pp. v iii +  444

1 1 s .P rice  I I à .  post free  

O btainable from

T H E  I N S T I T U T E  O F  P E T R O L E U M  

c/o T H E  U N I V E R S I T Y  OF B IR M IN G H A M  
E D G B A S T O N ,  B I R M I N G H A M  1 5

L IS T  OF A D V E R T ISE R S.

A K TIERO LA G ET E L E C T R IS E  M ALM LETNINQ
Audley E ngineering Co., Ltd .
C. It. Ayerill, Ltd ...................................
Babcock & W ilcox, Ltd ........................
Baker Oil Tools I nc. ................
Cardwell Mfg . Co...................................
Chapman & H all, Ltd .
W. Christie & Grey , Ltd ....................
A. F. Craig & Co., Ltd ........................
Charles Dabell & Co. ...............
Foster W heeler, Ltd . ...............
W. J . F rasf.r & Co., Ltd .....................
Geopiiysical Prospecting Co., Ltd .
Hadfields, Ltd . ............................
H ayward-Ttler  & Co., Ltd .
I nstitute of P etroleum ...............
I nternational P aint & Compositions Co., Ltd
Lane-Wells Co. ............................
Lucey E xport Corporation................
Lummcs Co.................................................
National Savings Committee 
National Supply Corporation 
Oil  and P etroleum Year Book
Oil  W ell Supply Co. ................
Security E ngineering Co., I nc. ...
Société de P rospection É lectrique
J ohn G. Stein  & Co., Ltd ...................
Stewarts and Lloyds, Ltd .
Svenska Diamantbergbokrnings Aktiebo
Tintometer, Ltd ......................................
University of B irmingham ...
Whessoe Foundry and E ngineering Co. Ltd.
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REOPPAINTS = PETROLEUM 
INDUSTRY

“ D A N B O L IN E  S I L V E R E T T E ”  T h e  super alum inium  p a in t  f o r
a ll refinery purposes. O nly  actual 
experience can prove its am azing  
durability.

“ T A N C T E C T O L ”  Th e  only protective p a in t f o r  the
I N T E R I O R  o f  petroleum  storage  
ta n k s. W ith sta n d s  p e rm a n e n t  
immersion in  a ll petroleum  f r a c 
tions, benzole and  salt or fresh  
w a ter. U s e d  by th e  B r i t i s h  
Adm iralty, R o ya l A i r  Force, and  
leading O H  Companies.

W r it e  fo r  free  bo okle t " P A IN T  IN  T H E  O IL  IN D U S T R Y .”

INTERNATIONAL PAINT & COM POSITIONS Co., L td .
U.S. Enquiries: GROSVENOR GARDENS HOUSE Main Factory
21 west ST., GROSVENOR GARDENS felling-on-tyne
NEW YORK. LONDON, S.W. I ENGLAND

U n i v e r s i t y  o f  B i r m i n g h a m

DEPARTMENT OF OIL ENGINEERING AND REFINING

A COMPLETE COURSE OF PETROLEUM TECHNOLOGY 
is given in the University. The Course of Study extends over 
 ̂a period of four years leading to the Degree of B.Sc. (ordinary 

or Honours), and comprises lectures and laboratory courses, together 
with practical instruction in drilling and refining. A Post-Graduate 
course is also given to Honours Graduates in Oil Engineering and 
Refining, and to Honours Graduates of approved Universities who 
have taken Engineering or Chemistry as their principal subject.

Professor: A. W. NASH, M.Sc., F.C.S., MJ.Chem.E., F.Inst.Pet., 
M.I.Mech.E., F.Inst.F.

Lecturers: C. E. WOOD. M.Sc., A.I.C., F.Inst.Pet., L. V. W. CLARK, 
Ph.D., M.Sc., M.I.Mech.E., F.Inst.Pet., and T. G. HUNTER, D.Sc., 
Ph.D., A.I.C., M.Inst.Pet.

Drilling Instructor: A. C. GILL.

THE SESSION COMMENCES IN OCTOBER.

F u l l  p a r t ic u la r s  o f  the C o u rse  ca n  be o b ta in ed  f r o m —  
THE REGISTRAR

Kindly mention this Journal when communicating with Advertisers.



C H A P M A N  &  H A L L ' S  B O O K S
THE PRINCIPLES OF M O TO R  FUEL PREPARATION  

AND APPLICATION
By ALFRED W. NASH, M.Sc., M.I.Mech.E., F.C.S., F.Inst.Fuel, etc. 

and DONALD A. HOWES, D.Sc., M.Inst.Pet.
T w o  Volumes, Royal 8vo., Vo l. I. Second Edition. 650 pages, 173 illustrations. 40s. net.

Vol. 2. Second Ed ition (in p reparation). About 40s. net.

CO NVERS IO N  OF PETROLEUM
Production of Motor Fuels by Thermal and Catalytic Processes 

By A. N. SACHANEN, D.Sc.
Medium 8vo. 413 pages, 59 figures. 36s. net.

PHYSICAL CONSTANTS OF HYDROCARBONS
By CUSTAV ECLOFF, Ph.D., M.Inst.Pet.

Volume One: Paraffins, Olefins, Acetylenes and other 
Aliphatic Carbons

Medium 8vo. 403 pages. 54s. ne*

Volume Two: Cyclanes, Cyclenes, Cyclynes and other 
Alicyclic Hydrocarbons

Medium 8vo. 605 pages. 72s. net. Volumes Three  and Four in preparation.

THE PRINCIPLES AND PRACTICE OF LUBRICATION
By ALFRED W. NASH, M.Sc., M.I.Mech.E., F.C.S., etc., 
and A. R. BOWEN, Ph.D., D.Sc., F.I.C., A.M.I.Chem.E.

S E C O N D  ED IT IO N  
D em y 8vo. 356 pages, 96 figures. 21s net.

THE SCIENTIFIC PRINCIPLES OF PETROLEUM TECHNOLOGY
By Dr. LEO CURTWITSCH, and HAROLD MOORE, M.Sc.Tech., M.Inst.Pet.

S E C O N D  E D IT IO N . R EV ISED  A N D  E N L A R G E D  
Medium 8vo. 584 pages, 9 plates and folding charts. 35s. net.

THE CHEMISTRY OF PETROLEUM DERIVATIVES
By CARLETON ELLIS

Medium 8vo. 1,285 pages, 48 illustrations. £5 8s. net.
V O L U M E  T W O ,  S U P P L E M E N T A R Y  

Medium 8vo. 1,464 pages, 350 illustrations. £6 net.

LUBRICATING GREASES
Their Manufacture and Use 

By E. N. KLEMCARD
Medium 8vo. 873 pages, 28 illustrations. 90s. net.

M O DERN  METHODS OF REFINING LUBRICATING OILS
By VLADIMIR A. KALICHEVSKY

Medium 8vo. 235 pages, 10 plates, 17 figures. 36s. net.

Com plete Lists of Books on Petroleum , etc., post free , on a p p lica tion

CHAPMAN & HALL, LTD., 11 HENRIETTA STREET, LONDON, W .C.2

Kindly mention this Journal when communicating with Advertisers.
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The Whessoe Foundry and Engineering Co. Ltd. Darlington and London 

TANK AND REFINERY PLANT BUILDERS

HEAT TRANSFER EQUIPMENT

D esigned  specifically for the H eating, C ooling and C on
densing o f W ater, Liquors, O il, Vapour, Steam  and Gases: 
m ade principally in  the Shell and T ube, W o lf, D ouble  
T ube and Rack T ypes.

T he apparatus is bu ilt w ith  Cast Iron, Steel and N on-  
Ferrous m etals, and is equipped w ith  Fixed or W ithdraw able  
T ube N ests and Fixed or F loating T ube Pleaders.

W hessoe H eat Transfer E quipm ent is designed and built 
for the P etroleum , Gas, C oking and Chem ical Industries.

It com bines h igh perform ance w ith  accessibility and ease 
of cleaning.

A ll enquiries w ill receive the m ost careful attention o f  the  
W hessoe technical staff.

K in d ly  mention th is J o u rn a l when com m unicating w ith  Advertisers.
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T H E  vary ing  needs of heat-using  

in d u strie s  are  fu lly  m et by o u r  

w id e  range of high qua lity  re 

fra cto rie s . Fo r severe  co nd itio ns in 

oil firing  w e  recom m end  th e  use of 

N E T T L E  f ire b ric k  (4 2 /4 4 %  alum ina) 

and S T E IN  S IL L IM A N IT E  (6 3 %  
alum ina).

J O H  N  G  S T E I N  6 -  C °  IID S c o tla n d

Kindly mention this Journal when communicating with Advertisers.
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Fra ser P ressure  Saponification  P lant for G rea se

H I G H  T E M P E R A T U R E  H E A T I N G
Many processes call for high temperature heating, the commonly 
used methods such as steam heating, hot oil circulation and direct 
firing, each being associated with certain disadvantages. Within 
the temperature range 20 0 °C  to 40 0°C  these are largely over
come by using the

D O W T H E R M  S Y S T E M
of Vapour-Phase Heating. DOWTHERM Vapour is generated in 
a boiler and is used like steam, giving closely controlled high 
temperatures at low pressures. The modern tendency for 
high temperature saponification opens a field for Dowtherm 
heating. The Dowtherm boiler and all auxiliary equipment are 
designed and fabricated by W. J. Fraser & Co. Ltd.

W. J. FRASER & CO. LTD., DAGENHAM, ESSEX



La c h m a n  V a p o u r  P h a s e  
T r e a t i n g  P r o c e s s

L A C H M A N  T R E A T E D  spirit does not
require any inhibitor.

L A C H M A N  T R E A T I N G  ¡„ a si„gie
operation conserves anti-knock quality; reduces 
gum content to the vanishing point; reduces sludge 
and polymerization losses to the minimum and 
reduces sulphur.

The practical advantages also of a method which 
is fool-proof in the sense that it cannot be over
done must appeal to all refiners.

A. F. CRAIG & CO., LTD.
P A I S L E Y

Representing :

VAPO UR TREATING THE WINKLER-KOCH
PR O C E SSE S IN C ., ENGINEERING CO.,

555, South Flower Street, 335, West Lewis Street,
Los Angeles CALIFORNIA Wichita KANSAS

K in d ly  mention th is J o u rn a l when com m unicating w ith  Advertisers.
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STANDARD OF IND IANA
a delayed continuous coking unit 

B Y  L U M M U S

Standard O il of Indiana has select

ed the Lummus Company to build a 

la rge D elayed  Continuous Coking 

Unit fo r th e ir W h it in g , In d ia n a  

Refinery. This unit will be equipped 

with Lummus Type Heaters.

w .  H. JO N E S  

Representing: THE LUMMUS C O M P A N Y
83 B a r n  H i l l ,  W e m b le y  P a r k ,  M id d le s e x

K in d ly  mention this J o u rn a l when communicating w ith  Advertisers.

xi

THE LUMMUS COMPANY, 420 Lexington Avenue, NEW YORK. N- Y.
t iL t i ir i  mtncM m an. citcis». ut • *ii »u i rim  iiu t i  us uctits. «u. • w » ■a*na* iic iic . im j u *. tiJit

MU liljt . UI*1CI, tCillM. I. C. 3
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B A B C O C K  &  W I L C O X  L I M I T E D
B A B C O C K  H O U S E , 34 FA R R IN G D O N  ST., L O N D O N , E.C.4

O U R  erection  facilities th ro u g h o u t the w orld  are  unsurpassed. 
T h e  illu stratio n  show s a Vacuum  Fractionating C o lu m n  being 

lifted into  position. O u r  W o rk s  are  p articu larly  w ell equipped for the  
co nstructio n  o f re-action cham bers, coking cham bers, flash cham bers, 
fractionating co lum ns, s tr ip p ers , evaporators, heat exchangers, con
d ensers and all vessels included in oil refinery  and treatm ent plants, 
d igesters fo r pulp m ills, e tc. A ll Babcock W e ld e d  Vessels are  m anu
factured  to  L L O Y D S ,  A P I - A S M E ,  A S M E ,  o r  o th e r recognised  
codes and are  su b ject to  inspection by all the leading insurance  
com panies o r  o th e r official bodies.

Kindly mention this Journal when communicating with Advertisers.
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T H E  IM PRO VED  " C A R D W E L L "  M OBILHOIST
MOVE MAST ASIDE FOR 

DERRICK OPERATIONSH YD RA U llCA llY  
ACTUATED FRICTION 

CLUTCHB ALL BEARING 
HEAT-TREATED 

ALLO Y SHEAVES

TELESCOPING
MAST

SINGLE LINE 
RAISES AND 

TELESCOPES MAST

ORAWBAR FOR 
HEAVY-DUTY HAULING

FOUR-WHEEL
BRAKES

FIVE SPEEDS AND ONE 
REVERSE WITH A  "CARDWELL* 

EVEN-STEP TRANSMISSION
GROUND CONTROLS 

REQUIRE SMALLER CREW

LOCATION OF LOW DRUM 
RESULTS IN LOW CENTER 

OF GRAVITY

A FTER two years of suc
cessful operation, we 

now offer the improved 
"C a rd w e ll"  Mobilhoist with 
a new braking system, heavier 
ax le , slower road speed, dual 
tires and many other im
provements that increase its 
usefulness, lengthen the 
service life and reduce repairs. 
The production of over seventy 
of these rigs since January, 
1938, is evidence of the 
definite need for a rig of this 
type.

This Mobilhoist with mast can 
move in, rig up and start well 
servicing operations in less 
than an hour as the lines can 
be carried reeved up on the 
mast. When the Mobilhoist 
is to be used under a derrick, 
the lower end of the mast may 
be shifted aside or the mast 
may be detached and left 
standing.
A  special "C a rd w e ll"  even- 
step, five-speed transmission 
speeds drilling and servicing 
operations 2 0c/o. This trans
mission makes a 90 H.P. as 
fast as a 110 H.P. engine would 
be with the regular truck 
transmission. Five speeds

QUICKLY REMOVABLE

and one reverse are available 
to both drums, rotary table 
drive or spudder, and when 
driving on the highway. This 
Mobilhoist is designed especi
a lly  for oil field use. It is not 
built around a farm tractor 
because of the slow drum 
speeds available and the 
limited choice of drum loca
tions.
"  Cardwell "  Mobilhoist is 
built of top grade steels, with 
every wearing part heat- 
treated. This all-steel con
struction, exclusive with 
“  Cardw ell," eliminates ex

cessive weight and reduces 
costly down time.
"C a rd w e ll"  Mobilhoist is 
recommended for servicing, 
rods and tubing, bailing and 
swabbing to 4 ,000  feet ; 
cleanout, well deepening
or drilling-in behind rotary 
with cable tools to 3 ,600  feet ; 
rotary drilling with 3 b" drill 
pipe to 2 ,000  feet or rotary 
servicing with tubing or 21" 
drill pipe to 4 ,000  feet.
Send for performance data, 
specifications and prices,* or 
see your nearest "C a rd w e ll"  
representative.

CARDWELL MFG.CO.INC. 'nternaS E 5 roleum
ItMItir Alt SI K (i  MODUCIS MiG. CO. EXPOSITION

TULSA, O K LAH O M A  
W ic h it a ,  K a n s a s ,  U . S .  A .  M A Y i m i , »»40

F. J. O LSO N , Export Manager, 570 Lexicon Aven ., N .Y. C ity. Cable Address: "Cardsteel." 

Kindly mention this Journal when communicating with Advertisers.



F i n a n c i a l  

P a t r i o t i s m
C h e a p  b o r r o w i n g  b y  t i i e  s t a t e  l i g h t e n s  

t h e  N a t i o n ’s  f i n a n c i a l  b u r d e n  a n d  s o  g i v e s  m o r e  

p o w e r  t o  d e f e a t  t h e  e n e m y  a n d  t o  m a i n t a i n  o u r  

i n d u s t r y  a n d  c o m m e r c e  b o t h  d u r i n g  a n d  a f t e r  t h e  

w a r .  T h e  G o v e r n m e n t  n e e d s  NOW v a s t  s u m s  o f  

m o n e y  l o a n e d  i n  t h e  f o r m  o f  2 \ %  N a t i o n a l  W a r  

B o n d s .  T h e  u r g e n c y  o f  t h e  n e e d  —  t h e  g r e a t n e s s  

o f  t h e  c a u s e  —  m a k e  i n e x o r a b l e  d e m a n d s  o n  u s  a l l .

2\%  N A T I O N A L  W A R  B O N D S

( 1 9 4 5 - 4 7 ) .  A full Trustee Security — Price o f issue £100  per 

cent— Subscriptions of £roo  or multiples o f  £100  will be received 

until further notice — Interest accrues from date o f  purchase —

Prospectus and application forms obtainable from Banks or Stockbrokers.

Issued by The National Savings Committee, London 
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BAKER BAKWIK
DRI LL PIPE FLOATS

j^ c u j. ^ J h e ir  O w n  IjU a ij. h j :  /

S I M P L E S T ,
M O S T  E F F I C I E N T  
T Y P E  O F  V A L V E

A S S E M B L Y
V a lv e  A s s e m b lie s  f o r  
“ B a k w ik ”  D r i l l  P ip e  
F lo a t s  a re  d e s ig n e d  
f o r  S im p lic ity , Ease  
o f  H a n d lin g  a n d  
P o sitive  O p era tio n . 
T h ere  are n o  threads  
. . . E n t i r e  V a lv e
A s s e m b ly  is  d ro p p e d  
in to  th e  F lo a t  J o in t  
B o d y  b y  han d  . . . 
a n d  re m o v e d  in  th e  
s a m e  m a n n e r . N o 
w re n c h e s  o r  s p e c ia l 
to o ls  a r c  r e q u ire d . 
IT WILL PAY YOU fo 
Secure Complete De
tails From the Nearest 
Baker Office or Repre
sentative. See Pages 
266-268 of the 1940 
Composite Catalog.

M i n i m i z i n g  
Plugged Bits

- 2  R eliev ing  Strain  
on Derrick, Rig Equip
ment and W ire Lines

3 E lim in atin g  W et
Strings

TP Providing Positive 
Back-Pressure Valve

s-) Preventing B low 
outs

6  Minimizing —  Of
ten P re v e n t in g  E n 
tire ly  —  Irrep arab le  
Damage Should D rill
ing String Part

B A K E R  O I L  T O O L S ,  I N C .
M A IN  O F F IC E  A N D  F A C T O R Y : 6000 South Boyle Avenue 

Box I27, Vernon Station, Los Angeles, Ca liforn ia 
C E N T R A L  D IV IS IO N  O F F IC E  and F A C T O R Y : 6023 Navgiation Blvd. 

Box 3048, Houston, Texas 
EXPO R T S A LES  O F F IC E : 19 Rector Street, New Yorlt, N . Y .

K in d ly  mention this J o u rn a l when comm unicating w ith  Advertisers.
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You Can Rely Upon The Performance of 
L U C E Y  D R I L L I N G  E Q U I P M E N T

This Wheland-Lucey Rotary Drilling Rig is a Diesel-mechanical three-engine 
hook-up of rugged construction and capable of high-powered economical 
operation for drilling to a depth of ten thousand feet. The hook-up makes this 
unit extremely flexible in operation and permits the use of either pump at will. 
Many variations of this hook-up are available to meet specific requirements.

The Wheland-Lucey HP-15000-CE 7'i" X  16" Power Slush Pumps shown are 
recommended for high-pressure deep drilling and have many valuable features 
assuring you a  steady, uninterrupted mud flow. Here's w h y:

Totally enclosed construction pro
viding oil-bath lubrication for 
gears, connecting rods and cross
heads.

Cranks of alloy steel carried on 
four Timken bearings.

Solid forged steel connecting rods 
fitted with cap  over crank-pin and 
lined with brass for both crosshead 
and crank-pin.

Pinion shaft of alloy forged steel 
fitted with four Timken bearings.

Complete shaft assembly, with 
bearings, reversible without dis
turbing bearing adjustment : 
permits driving from either side.

Standard or High 
end optional.

Pressure fluid

® Exclusive Wheland patented valve.

Let us show you how a  Lucey Rotary Drilling Rig w ill do your drilling 
efficiently and econom ically.

L U C E Y  E X P O R T  C O R P O R A T I O N
incorporated in Delaware, U. S. A., with Limited Liability.

< y j >  O I L  W E L L  S U P P L I E S  <^p>
BROAD STREET HOUSE, E. C. 2 LO NDON. ENGLAND
350S Woolworth Building. New York. N. Y . ' SB High S t . San Fernando. Trinidad. B.W . I.
Calle Detensa 320. Buenos Aires, Argentina Str. V asile  Lupu No. 13. Ploesti. Routnania

K in d ly  mention th is J o u rn a l when com m unicating w ith  Advertisers.
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TH E -"CHEAPEST PAINT PER' YEA R OF S E R V IC E

WAR ECONOMY IN PAINT

Kindly mention this Journal when communicating with Advertisers.

Y O U  CAN BE 
A S S U R E D  O F  F U L L  
P R O TEC T IO N  A G A IN S T  
C O R R O S IO N  B Y  USING 
T W O  C O A T S  O N LY  OF D IXO N 'S  SIL IC A - 
G R A P H IT E  P A IN T

Nobody denies-when protecting iron and 
steel from corrosion-thal on new work 
three coats are belter than two. Where, 
however, w ar makes economy essential, 
adequate protection should be obtained by 
two coats of best quality paint. But if you 
use one priming coat of Dixon's Red Lead 
Graphite, followed by Dixon's Natural or 
Battleship C re y -o r  any other of our SILICA- 
CRAPHITE PAIN TS—full protection W ILL  
BE A SSU R ED -an d  for the longest possible 
period. Further, labour costs are lower be
cause It Is so much easier to apply.
W e are in a particularly good position to 
supply paints for

O IL  T A N K S , HEAD G EA R S , O IL  W ELLS , 
AND O IL  REFIN ERIES

D IXO N 'S  A LU M IN IU M  G R A P H IT E  has no
equal for O il Tanks. Large quantities 
already supplied.
For old work, a touch up with Dixon's Red 
Lead Craphite Primer followed by a finish
ing coat of any of Dixon's Silica-Craphite 
Paints, w ill give full protection for the 
longest period.

G et in touch with

C. R. AVERILL LTD.
2 2  D U C H Y S TR EET , STA M FO R D  STR EET

LO N D O N , S .E .l
Telephone: Waterloo -4732/3. 

Telegrams: “ Cruclgraph,” Sedist, London.

A S  S U P P L IE D  T O  M A N Y  O F  

T H E  L E A D IN G  O I L  C O M P A N IE S  

P A C K E D  F O R  E X P O R T  in 40 gallon 

steel drums and in 5 and 10 gallon her

metically sealed strong hooped drums, 

ensuring safe arrival with no chance of 
leakage.



T U B E S
A N D

F IT T I N G S
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