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THE CYCLIZATION OF HYDROCARBON 
MIXTURES.*

By S. J. G r e e n , B . S c ., A.I.C.
I n t r o d u c t i o n .

T h e  conversion of non-aromatic hydrocarbons into aromatics within 
convenient temperature range constitutes one of the most important 
advances in recent hydrocarbon chemistry. The process is attractive not 
only for the production of high-octane fuel, but also for the production of 
pure aromatic hydrocarbons and for many potential uses in analytical 
chemistry, etc.Considerable work has been done on the dehydrogenation-cyclization 
reactions of pure hydrocarbons, but little has been published on the con
version of hydrocarbon mixtures in this way. In the present work, a pre
liminary examination of the possibilities, there is no contribution to the 
theory of the mechanisms of cyclization reactions, but some interesting 
facts are disclosed and some potentialities of the dehydrogenation cycliza
tion process are indicated.By “ thermal ” and “ catalytic ” aromatization two different processes 
are understood. In the first the nature of the aromatic hydrocarbons 
produced depends on the temperature, and in the second, on the catalyst 
and the feed. The thermal aromatization of heptane, for example, would 
lead to an equilibrium mixture (theoretically) of benzene and other aroma
tics, while the cyclization of the same hydrocarbon would produce toluene.

When the catalytic aromatization of hydrocarbon mixtures is considered, 
reactions other than pure dehydrogenation-cyclization must be expected to 
influence the conversion. For this reason aromatization in general is con
sidered in the literature review below. There is considerable published 
work on the production of aromatics from other hydrocarbons, and only a 
selection is indicated here.
Aromatics from Unsaturateds.

In 1931, Mailhe and Renaudie 1 heated mixed amylenes up to 670° C. 
for several hours, and obtained aromatics in the product, together with 
some tar. Taylor and Turkevich 2 converted various branched and straight- 
chain defines into mixtures containing aromatics using chromium sesqui- 
oxide gel at temperatures ranging from 400° to 475° C. Various defines and 
paraffins were converted into aromatics by Grosse, Morrell, and Mattox 3 : 
octane was converted into a mixture containing aromatics at temperatures 
of 450-700° and contact times of 0-1-10 seconds over catalysts such as
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C Mo V Ti on activated alumina. Cyclic defines have been converted 
into aromatics by various workers,4- 5- 6 and some simple cyclic diolefines 
were similarly converted,7- 8-9 using Pd catalyst in both cases. Using 
Cr 0. gel, Goldwasser and Taylor 10 investigated the aromatization of 
heptane, heptene, and hexene isomers.The process of cyclization involves dehydrogenation, and a useful 
summary of the literature on catalytic dehydrogenation of hydrocarbons 
is given in the Twelfth Report of the Committee on Catalysis (New York,
1940).
Paraffins to Aromatics.

Egloff11 reported as early as 1916 the conversion of hexane into toluene 
and other aromatics using a steel tube at temperatures from 450° C. to 
725° C. More recently the U.O.P. workers 3-12 have converted hexane and 
heptane into aromatics and unsaturateds over oxides of Cr, Mo, Ti on alu
mina and over Cr20 3 gel, the products in many cases containing more than 
50 per cent, aromatics. Moldavski and co-workers 13 converted octane and 
heptane into aromatics using Cr20 3 gel and also zinc oxide.

In their rather comprehensive work these workers showed that n-octane 
passed over Cr20 3 gel at 400° C. produced mainly o-xylene and ethyl 
benzene together with some m- and p-xylene. Diisobutyl was converted 
into p-xylene, and butyl benzene converted into naphthalene under similar 
conditions. Conversion losses were found of the order of 50 per cent., but 
volumes of the order of only 20 c.c. were used. Their general conclusions 
were that increase in the contact time increases aromatics and decreases 
unsaturated hydrocarbons in the products from paraffins, while naphthenes 
produced are negligible. Other catalysts used for the conversion of octane 
included Ti02, Mo02 on charcoal, MoS2, carbon on iron turnings 14 and 
nickel on zinc oxide.15 For the aromatization of the decanes chromium- 
copper-phosphorus and chroniium- molybdenum 16 have been used. In 
order to avoid carbon formation, which is likely to accompany dehydro
genation at the higher reaction temperatures when using nickel catalysts, 
it has been suggested in a recent patent17 that the reaction should be 
carried out in the presence of steam in a chromium-steel tube.

Taylor and Jovis found that Cu-Mg catalysts are less active than Ni 
for carbon-carbon bond splitting in dehydrogenation-cyclization reactions.
Naphthenes to Aromatics.

cycfoHexane has been converted into benzene over various catalysts at 
temperatures varying from 190° C. to 540° C. Moldavski and co-workers 14 
used ZnO, Ti02, Mo02 on charcoal, MoS2, active charcoal, and carbon on 
iron; Balandin18 used Ni on alumina and later19 alumina alone. Zelinsky20 
used palladium at 300° C. to obtain benzene as early as 1911, but recently 
he prepared toluene from cyclohexane using Ni on Al(OH)3, and benzene 
when using platinum.21 In 1936, Ipatieff and Komarewsky 22 produced 
toluene, benzene, and methane from cycZohexane by passing it over nickel- 
aluminum at 350° C. Alumina,23 copper,24 and copper-chromium 25 have 
also been used successfully. Jubhard26 showed that Fe, Cu, Cd and Pb 
oxides when mixed with a nickel catalyst reduced its activity for this 
conversion, while Zn, Mn, Cr, Ce, Th, A1 and Be oxides increased it. Toluene
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has been identified as a product from methyl cycZohexane using A120 3 19 
and Cu,24 from dimethyl cycZohexane using Cu,24 from ethyl cycZohexane 
using N i-A l22 and from cycZoheptane using Pt on charcoal. While five- 
membered carbon rings olfer great resistance to dehydrogenation, rings of 
more than six carbon atoms often undergo ring contraction under similar 
conditions.
Hydrocarbon M ixtures.

Dehydrogenation and cyclization have been recognized by various 
workers as important processes for the production of improved motor fuels. 
Karzhev and others 16 have aromatized Grozny aviation petrol with various 
catalysts such as copper chromite, chromium, chromium-molybdenum 
and nickel, products containing 80 per cent, aromatics being obtained in 
some cases.

Uranium, titanium and thallium oxides have been used as catalysts in 
the aromatization of kerosene.27 More recently K och28 aromatized a 
fraction of synthetic gasoline with vanadium oxide and chromium oxide 
supported on alumina.
Mechanism of the Reactions involved in  Dehydrogenation-cyclization.

The mechanism of dehydrogenation-cyclization is still a hypothetical 
matter, but some of the facts found by workers studying the fundamentals 
of the reactions may illuminate certain technical aspects of the conversion 
of non-aromatic into aromatic hydrocarbons.

Pitkethly and Steiner,29 considering the dehydrogenation-cyclization of 
heptane, give evidence supporting their suggestion that heptene is an 
intermediate product of the reaction only in the sense that it is in equili
brium with the half-hydrogenated state. They showed that the paraffin- 
olefine equilibrium is not established under the conditions of their experi
ments, which were carried out at 475° C. over a dehydrogenation catalyst 
and with a contact time of 20 ±  4 seconds.

Hoog, Verheus, and Zuiderweg 30 examined a number of hydrocarbons 
passed over Cr20 3 gel at 465° C., and concluded that where the hydrocarbon 
structure permits of direct formation of a six-membered ring, such structures 
are aromatized to a large extent, but other structures are not appreciably 
aromatized. In the aromatization of hydrocarbon mixtures, therefore, 
the percentage aromatics produced by dehydrogenation-cyclization will 
depend on the proportion of paraffin hydrocarbons with suitable structures.

Taylor and Turkevitch2 studied the conversion of various defines, 
including 2-methyl-pentene-2, 2-ethyl-butene-l, heptene-1, heptene-3, 
5-methyl-hexene-2 and octene-1, and concluded that the rate of conversion 
of olefinic hydrocarbons into aromatics is initially more rapid than that for 
saturated hydrocarbons, but that the deterioration in the activity of the 
catalyst is also more rapid. They suggested that this latter fact is due to 
the number of side reactions involved and deposition of carbonaceous 
material on the catalyst surface.
The Catalysts Used.

The various catalysts which have been used for the production of aro
matics from unsaturateds, paraffins and naphthenes are the metals of
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Group VIII (Co, Ni, Pt, and Pd), the transition metals of Groups V and VI 
(V Cb Ta Cr, Mo, W, and U) and the oxides of the transition metals of 
Groups IV,’ V, and VI (Ti, Zr, Ce, Th, V, Cb, Ta, Cr, Mo, W, and U), either 
singly or in combination. Non-metals such as silica gel and activated 
carbon have also been shown to be active for this conversion. Various 
carriers have been used, and it has been suggested that carriers of any inert 
material are efficient if they have a large surface area. Florida earth and 
similar materials, after treatment with water, dilute caustic soda, ammonia, 
etc., are suggested for use as carriers 31 for catalysts used in the dehydro
genation of°unsaturated hydrocarbons. Activated granulated alumina, 
however, seems to be recommended by later American workers.

The processes of ring closure of Fg—C32 paraffins and olefines, of course, 
involve dehydrogenation. In the reactions studied for pure hydrocarbons 
the process has been one purely of dehydrogenation-cyclization, involving 
essentially no scission of a C-C bond, although some decomposition usually 
occurred. Since it had been shown that Ni, Co and Fe were catalysts 
which activated the C-C bond, Taylor and Turkevich 2 suggested that these 
metals are of doubtful utility for maximum dehydrogenation-cyclization, 
and copper was rejected because of the sintering observed at about 400° C. 
It is worth mentioning here, however, that Adkin’s catalyst, copper 
chromite, does not sinter readily at this temperature, and that copper 
chromite catalysts appear to be active in the aromatization of hydrocarbon 
mixtures.16 On the basis of his own fundamental work on activated 
adsorption, where it had been shown that oxide hydrogenation-dehydro- 
genation catalysts exercise their activity at higher temperatures than the 
corresponding metal catalysts, and considering the thermodynamical 
requirements for the cyclization reaction, Taylor investigated oxide 
catalysts. Turkevich and Taylor 32 and Howard and Taylor 33 showed that 
the position of chromium sesquioxide gel for hydrogenation-dehydro- 
genation reactions, claimed by Lazier and Vaughen 34 to be unique, is only 
one of degree. They indicated that the activated adsorption of hydro
carbons on oxide catalysts is negligible below 300° C., but at higher tempera
tures there is definite evidence of interaction between the gases and the 
surface. In accordance with their general theory, these workers considered 
the conversion of paraffinic into aromatic hydrocarbons to involve four steps :—

(1) Activated adsorption of the paraffin on to the surface.
(2) Surface dehydrogenation with the formation of adsorbed 

aromatic and adsorbed hydrogen.
(3) Desorption of hydrogen.
(4) Desorption of aromatic.

The rate of conversion of paraffin into aromatic would be that of the slow
est of these steps. It was concluded that chromium sesquioxide, principally, 
and other oxide catalysts are ideal for cyclization, and that although there 
is no data on the relative adsorption of aromatics and paraffins on the 
catalyst surface, it was assumed that the paraffins can compete effectively for the surface with the aromatics.

More recently, Taylor and Fohrer 45 have found that Cr20 3 and to a 
smaller extent Mo, Mn, Ce, and V catalysts are poisoned for aromatization



by defines. Two-component gel catalysts of Cr20 3 with Cu, Ni, Pd, MnO, 
ZnO, M o0 2, S i02, Zr02, and Sn02 were studied for the dehydrogenation- 
cyclization of n-heptane. The Zr02 and Sn02 catalysts were superior to 
Cr20 3 alone.Moldavski, Kamusher, and Kobyl’skaya 14 have reported that glass and 
silica gel are inactive, whilst ZnO, T i02, Mo03, and MoS2 are active in the 
aromatization of w-octane, and have pointed out that catalytic cracking 
of the higher hydrocarbons can yield either complex aromatics which lose 
side-chains or fragments which join together to form aromatics.

Efficient dehydrogenation-cyclization catalysts containing in order of 
efficacy, oxides, of the metals of Groups VI, V, and IV, have been developed 
by Grosse, Morrell, and Mattox,12 minor proportions of the metals being 
deposited on various carriers by impregnating the carrier with a solution of 
a decomposable compound of the metal. Their results show that at all 
contact times a vanadium-molybdenum catalyst is less active than a simple 
chromium catalyst, but that the chromium-molybdenum and chromium- 
vanadium catalysts give better results at longer contact times than any of 
the single metal catalysts. The triple chromium-vanadium molybdenum 
catalyst is found to be even more active than the double catalysts. If 
equal atomic proportions of the promoting metals were used in each case 
—and this appears to be the most reasonable way of comparing the activity 
of the various metals—then their results differ from those expected from a 
consideration of the hypothesis due to Griffith,35 who postulated that “ the 
optimum promoter concentration is a function of the catalyst and not of the 
promoter.”Work in connection with the Fischer-Tropsch process indicated that 
cobalt and allied metals are susceptible to poisoning by sulphur, but copper 
chromite catalyst has been stabilized against sulphur for hydrogenation 
catalysts by the incorporation of barium. Molybdenum trisulphide has 
been claimed as a desulphurization-hydrogenation catalyst, and sulphur 
itself, of course, is a dehydrogenating agent.

Taylor and Turkevich 2 found that water vapour was strongly adsorbed 
on chromium sesquioxide gel and was a marked poison for the cyclization 
reaction, but no difference in activity could be detected for heptane left in 
contact with water and heptane which had been dried using phosphorus 
pentoxide. Water appears to be a reversible poison, whereas ethylene was 
found to poison the catalyst irreversibly.

Much of the published work is very useful, but care must be taken in its 
interpretation, as different apparatus and different analytical methods used 
make comparative study difficult. In the present work, a small part of the 
published work was repeated, in order to achieve some arbitrary standard 
conditions necessary for a comparative chemical approach.

T h e r m o d y n a m ic  C o n s id e r a t io n s .
As early as 1931 Frohlich observed,36 that thermodynamic considerations 

led to the conclusion that all the hydrocarbons are interrelated in such a 
manner that it should be possible to pass from one to another almost at will.

Thermodynamic considerations indicate the temperature and pressure at 
which a given reaction can occur to a useful extent, but can, however, be 
only a general guide as care must be taken in the interpretation of thermo
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dynamic data because the values of free energy of formation, especially at 
the higher temperatures, are known accurately for only a very few hydro-
Cain°1937 Thomas, Egloff, and Morrell 37 collected most of the work that 
had been done on the thermodynamic properties of hydrocarbons and dis
cussed the differences between results obtained from calorimetric measure
ments and those calculated from Raman and infra-red spectra. New free- 
energy equations were derived for straight-chain paraffins and olefines with 
a terminal double bond, and using these, approximate free-energy values 
were calculated for hydrocarbons where other data were non-existent. 
With the free-energy values for relevant hydrocarbons at 298° K. and 1000° 
K. thus collected, various reactions involved in cyclization have been con
sidered. Thermodynamics, however, can give no indication of the rate 
of a reaction, and as this is often the most important factor, the course of a 
reaction is not indicated. But such study gives information on the 
temperature range in which to look for a catalyst.

The method used in the following calculations is based on the accepted 
relation: =  _  R T  log, K ........................................... (1)

  AF°mor K  =  e Hr ....................................(2)
Where AF°T =  free energy change,

K  =  equilibrium constant,
T  =  absolute temperature.

It is obvious that if AF°T =  0, K  =  1, if AF°T is + v e , K  is less than 1, and if 
A F t is — ve, K  is greater than 1.

When K  is greater than 1, the reaction can be said to proceed to a 
convenient extent—i.e., it is “ permissible.”

An approximate linear relationship, within the limits of accuracy of the 
free-energy data :—

A F°T =  A  + B T ........................................... (3)
is assumed for the reactions considered; A  and B  are then calculated using 
the values of AF°T at 298° K. and 1000° K. for standard free energies of 
formation from graphite and hydrogen at atmospheric pressure for the 
individual componants of a reaction. Equation (3) is then solved, and the 
temperature to give a zero value for AF°t—the neutral equilibrium temperature—thus calculated.

The main assumption in the calculation is, then, that the deviations of the 
free-energy temperature relationships from linear are within the errors 
involved in the determination of the free energy values. Ewell 38 showed 
the significance of the neutral equlilibrium temperature, and pointed out 
that the free energy temperature relationship is linear if the specific heat 
change with temperature is small. Consider the fundamental equation for a reaction at T° K :

AF% =  AH°t -  TAS°t ........................................... (4)
Where AF? =  free energy change,

AH% =  heat content change,
AS°T =  entropy change and 
T° =  absolute temperature.
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If at T° K. equation (4) represents a reaction, the free energy change 
involved at TiK is given by equation (5) :—

AF°Tl =  ^ H °r  +  j^ A C ^ r J  -  T x ^AS£ +  — . (5)
Where AC°P =  change in specific heat (at constant pressure of 1 atmosphere). 
Since this factor ACp would be small in the cyclization reaction, the assump
tion of a linear relationship between A F t and temperature is justified, for 
if AC_ is neglected, equation (5) becomes :

A F ct , =  A H*t  -  T x\ S t ......................................( 6 )

Using equations (2) and (3) and the data collected by Thomas, Egloff, and 
Morrell,37 many interesting calculations of the neutral equilibrium tempera
ture for various reactions at atmospheric pressure have been made, some 
of which are given in Table I below, together with the constants A  and B  in 
the equation AF t =  A  +  B T . The accuracy of the calculations depends 
in each case on the factor Cp  and on the free-energy values.

T a b l e  I .

N e u tra l

R e a c tio n . e q u ilib .
T em p .,

* °c .
A . B . Conclusions.

1 n-H eptane to  to lu en e , 283 60,700 -1 0 9 R e a c tio n  “  p e rm is
C ,H 16 ---^ C 7H 8 +  4 H 2 sib le  ”  above

283° C .
2 n-Heptane to  n-heptene-1, 610 30,900 -  35 R e a c tio n  “  p erm is

C ,H 16---^ C :H 14 +  h 2 sib le  ”  above
610° C .

3 Toluene to  nap h thalene  
and  ¿sobutene, 2C 7H 8

— 20 +  604 R e a c tio n  is  n o t 
“  p erm iss ib le .”

---> C 10H 8 +  C jH 8
R e a c tio n  “  p erm is

sib le  ”  a t  v e ry  
h ig h  tem p era tu re .

4 Toluene to  nap h th a len e  
and  elem ents, 2 C ,H 8 
---C 10H 8 +  4C +  4 H 2

1,355 142,300 +  87-4

5 n-Heptane to  nap h th a len e  
and  elem ents, 2C7H 16 
— ^■Cl0H 8 +  4C +  12 H ,

199 135,500 -2 8 7 R e a c tio n  “  p erm is
sib le  ”  above 
199° C .

6 n-Heptene-1 to  to lu ene , 129 29,760 -  73-8 R e a c tio n  “  p erm is
C 7H u  ^ C 7H 8 -f- 3 H 2 sib le  ”  above

129° C .
7 Toluene to  benzene and 115 9,300 - 2 3 9 R e a c tio n  “  p erm is

elem ents, C ,H 8--- >- sib le  ”  above
CgHe +  C  +  H 2 115° C .

8 cycZoHexane to  benzene 
and  hyd rogen , C 8H I2 

^  C 8H 8 -j- 3 H 2

253 49,800 -9 4 7 R e a c tio n  “  p erm is
sib le  ”  above 
253° C .

No calculations of the actual equilibrium constants at various tempera
tures are given above, but these are, of course, important when considering 
specific reactions. The reactions with the formation of naphthalene are 
interesting, n-beptane being unstable to this compound under the condi
tions of cyclization reactions. In the present work naphthalene formation 
was found to be quite general.



Results similar to those above were obtained by Taylor and Turkevich,3 

who considered the simpler possibilities of the decomposition of hexane to
form :—

(1) Paraffins and defines.(2) Higher paraffins and hydrogen.
(3) Higher and lower paraffins.
(4) Carbon and hydrogen.
(5) define and hydrogen.(6) cyc/oParaffin and hydrogen.
(7) cycZodefine and hydrogen.(8) Aromatics (benzene) and hydrogen.

These workers came to the following conclusions : Two paraffins cannot 
form a higher paraffin by the elimination of a molecule of hydrogen.

In the cyclization of hexane to benzene the equilibrium is completely on
the side of benzene at 327° C.Dehydrogenation of hexane to olefine and cydohexane does not become 
appréciable*3 below 527° C., but such dehydrogenation, even above this 
temperature, is not a serious competitor to the cyclization to benzene, 
since the olefinic product is unstable with respect to aromatics above 
277° C.Cracking to olefines and lower paraffins, decomposition to elements, and 
disproportionation are all serious competitors to cyclization. Generally, 
it may be concluded that the possibility of conversions of straight-chain 
paraffins, branched-chain paraffins, olefines, and naphthenes to aromatics 
expected on the basis of the low energy resonance structure of the benzene 
ring is indicated in many cases by thermodynamic calculations, but other 
reactions involving the splitting of C-C bonds are serious competitors. To 
prevent undesirable reactions it seems, therefore, that for the aromatization 
of single compounds a catalyst which activates the C-H bond only should 
be used.

C y c l iz a t i o n  o f  H y d r o c a r b o n  M i x t u r e s .

In preliminary runs a chromium sesquioxide catalyst prepared from 
chromic acid deposited on Floridin was found to have little effect, while a 
similar catalyst prepared from chromium nitrate was much more active for 
cyclization. The activity of these catalysts, however, was considerably 
increased by using activated alumina as the carrier.

E x p e r i m e n t a l  M e t h o d .

The apparatus used consisted essentially of a constant rate of delivery 
burette, a catalyst tube, a receiver, and a gas meter. The feed was intro
duced through a mercury seal, the catalyst tube heated in an electric furnace, 
and the receiver cooled in ice-salt. To observe the temperature of the 
electric furnace a pyrometer accurate to ±  5° C. at 350° C. was used. The 
catalyst was held in position in the tube by glass wool and broken glass. 
In order to avoid unnecessary cooling of the catalyst and because of the 
endothermie nature of the reactions, a preheater was introduced, and this 
vaporized the liquid feed at about 400° C. To facilitate the introduction of

1 8 6  G R E E N  : T H E  C Y C L IZ A T IO N  O F  H Y D R O C A R B O N  M IX T U R E S .



G R E E N  : T H E  C Y C L IZ A T IO N  O F  H Y D R O C A R B O N  M IX T U R E S . 187

F i g . 1 .

F i g . 2 .
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gases into the catalyst tube the end of the tube was fitted with a ground- 
glass joint and interchangeable stoppers.Although there was a slight directional slope on the catalyst tube, the 
liquid charge remained in contact with the broken glass in the preheater 
long enough in some cases partly to decompose and deposit tar.

Later the apparatus was modified and the catalyst tube placed in the 
vertical position, in order to decrease liquid contact time in the preheater 
and to facilitate continual removal of the product with the receiver at the 
lower end of the catalyst tube; for the connection of catalyst tube and 
receiver it was found advisable to use a mercury seal. A manometer was 
fitted and a sensitive flowmeter used as a gas detector. This flowmeter

CONSTANT FLO W  B U R E T T E

F i g . 3 .

was not used to measure the gas produced, and by-passes were introduced 
for connecting a gas-meter or absorbing bottles when necessary. The 
apparatus is shown in Figs. 1 and 2.

T h e  C o n s t a n t - F l o w  B u r e t t e .

The constant-flow burette is shown in Fig. 3. When the tap in A is 
closed and liquid is run from the burette, a partial vacuum is developed in A. 
The pressure in A  being, (Atmospheric — ac X  p) inches of water, 
where c =  level of liquid in burette bulb,

a =  level of liquid in tube—i.e., at the bottom of the inner tube for constant flow, 
p =  density of liquid.



The driving head is then ab, and there is a constant resistance to flow at B . 
Hence, since a is at atmospheric pressure, the flow will be constant for any 
setting of a, if pressure at b is constant.

Three notable disadvantages of this burette in the present work are : 
first, the necessity for a filter to prevent interference with the capillary; 
second, the rate of flow depends on the pressure at b and hence varies with 
the gas formed in the catalyst tube, and third, the rate of flow depends on 
the density of the charge. Again, the rate of flow cannot be measured 
while a run is actually in progress.

Attempts were made to eliminate errors due to back pressure by connect
ing the upper part of the catalyst tube with the sliding tube of the burette, 
and thus making the pressure at a and b equal in all circumstances. These 
attempts failed because of condensation of vapours in the connecting tube.

It was found, however, that although the back-pressures were different 
for different reactions, that during short runs the back pressure was nearly 
constant, and consequently the rate of flow was constant. The actual 
rate was then found from the total liquid passed and the duration of the 
run. It was not possible, then, to use exactly the same rate of charge for 
all experiments, but conditions were approximately the same in most cases.
The Standard Conditions.

For a comparative study of the reactions of various hydrocarbons and 
mixtures some standard conditions were required. It was not required 
that these conditions should be the best possible obtainable for any particu
lar aromatization reaction, but that the conversion should proceed to a 
reasonable extent. The arbitrary conditions chosen were therefore not the 
best possible conditions for the aromatization of any particular hydrocarbon. 
By controlling conditions as near to “ Standard ” as possible, experiments 
made using different apparatus were made comparable.

The liquid space velocity was 0-33 c.c. of liquid per c.c. of catalyst per 
hour.

The liquid products were cooled at —5° to —14° C., and vapours which 
passed through a condensing spiral at this temperature range were measured 
as gas. The preheater temperature was controlled at 250-300° C.
Preparation of the M olybdenum Catalyst.

20 grams of A.R. ammonium molybdate were dissolved in 100 grams of
0-800 A.R. ammonium hydroxide and an equal volume of water. This 
solution was poured slowly on 250 grams of Grade A activated alumina 
8-14 mesh (Alorco) which had been heated at 350° C. for 3 hours and cooled 
in a vacuum desiccator without desiccant. The mass was stirred for about 
30 minutes when the solution was completely and uniformly absorbed by 
the alumina. This was dried at 100° C. for 1 hour and then left overnight 
at 310° C. ±  10° C. The catalyst was introduced into the reactor and 
reduced by passing a stream of dry hydrogen for 3 hours at 350° C., and then 
remaining hydrogen was swept away with nitrogen. It was shown that 
for short runs the temperature of reduction of the catalyst did not effect 
the cyclization reaction of n-heptane. The unpromoted catalyst thus 
prepared contained 2 per cent, molybdenum, and was in a very convenient 
and stable form.
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The catalyst was regenerated by sweeping out any hydrocarbons with 
nitrogen, switching off the furnace, and then passing dry air with thp 
preheate’r at 550° C. until the carbonaceous deposits on the catalyst had 
been reduced Remaining air was then swept out with nitrogen, and hydro
gen passed for 3 hours to effect reactivation by reducing the molybdenum
oxides.

A n a l y t i c a l  M e t h o d .

A 25 theoretical plate packed column and laboratory distillation unit 
for distillation of volumes of the order of 500 c.c. was constructed for 
preliminary distillations.
Chemical Analysis for Aromatics.

When only approximate indication of composition was required, the 
aromatics were estimated by aniline-point determinations before and after 
absorption with 98 per cent, sulphuric acid, following the removal of the 
unsaturateds by absorption in 80 per cent, sulphuric acid. Nitration 
methods appear preferable, however, where more accurate knowledge is 
required and, because of the small volumes available from fractional 
distillation, the method of Manning and Shepherd 39 was examined. Their 
method consists in passing a stream of air over the hydrocarbons and absorb
ing the aromatic and unsaturated vapours in a nitrating mixture. The 
weight of the aromatics and unsaturateds is thus obtained and the percent
age paraffinic material found by difference. The nitrating solution is 
heated to 100° C. to complete the nitration, during which treatment the 
unsaturateds are oxidized to form products soluble in water or caustic soda 
solution. The nitrated aromatics are extracted with benzene, which is 
removed by distillation, and the weight of the original aromatics is estimated 
from the weight of the nitro-compounds. These workers found the method 
gave results correct to within ± 0 -1  per cent, for mixtures containing 4-4, 
18-4, 48-5 per cent, benzene.

In the present work, for the mixtures containing 10-60 per cent, benzene 
or toluene and a maximum of 30 per cent, unsaturateds the method was 
found to be accurate to i  1 per cent. The estimation of aromatics was 
not high if the nitro-compounds were dried for a few hours in a vacuum 
desiccator. For high-percentage unsaturateds accurate results could not be 
obtained even when an additional absorber containing 70 per cent, sulphuric 
acid was introduced as recommended by Manning and Shepherd. A 
comparison of the tesults obtained by extraction of the nitro-compounds 
after pouring the nitrating mixture into ice-cold water with those obtained 
by separating directly after the same treatment and cooling for several 
hours through a tared sintered-glass Gooch crucible, showed differences of 
the order of 1 per cent, on the whole mixture for the estimation of benzene 
and toluene. The second method of separation of the nitro-compounds 
also gave pure crystalline products (dinitrobenzene and trinitrotoluene), 
which were easily dried, and in many cases their purity was not measurably 
improved by recrystallization. When the nitro-compounds were extracted, 
however, the products were usually less pure, and their melting points were 
increased on recrystallization. The Manning-Shepherd absorption train 
w as proved quite successful for the hydrocarbon mixtures similar to benzole,
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and finally the modified absorber due to Gooderham 40 was introduced. 
The method selected was, in general, that of distillation and fractionation 
followed by estimation of aromatics, unsaturateds and paraffinics by the 
absorption-train method supplemented by examination of the nitrated 
aromatic compounds and further examination when necessary. Naph- 
thenes were generally negligible throughout.
Estimation of the Unsaturateds.

The most usual method for the estimation of unsaturateds is by bromine 
absorption with estimation of the molecular wreight from the distillation 
range on the assumption that only aliphatic mono-olefines are present. 
Hoog, Yerheus, and Zuiderveg 30 used this method in similar catalytic 
cyclization work, followed by removal of the unsaturateds with thiogly- 
collic acid in a homogeneous propionic acid solution at room temperature 
prior to the estimation of the aromatics by absorption in 98 per cent, 
sulphuric acid. Treatment with thioglycollic acid can be used for the 
estimation and isolation of the unsaturateds, but the cost of the reagent in 
this country is prohibitive.

The determination of bromine numbers for hydrocarbon mixtures was 
studied in some detail.41 The evidence obtained suggested that bromine 
absorption cannot be used to estimate the actual percentage unsaturateds 
present in complex mixtures, although, using the titration technique of 
Lewis and Bradstreet,42 it is possible to find quickly a value for comparative 
purposes. For the normal mixtures met with in this work the absorption 
train gives satisfactory results for the estimation of unsaturateds, although 
it gives no indication of their qualitative composition. The method 
selected for unsaturateds was therefore absorption train analyses supple
mented when necessary by bromine-number determinations.
Estimation of Paraffins and Naphthenes.

Paraffins and naphthenes were estimated together in the absorption 
train, but the production of naphthenes has not been observed during 
cyclization reactions, and generally analysis for naphthenes was not made, 
although by the introduction of a cooled trap in the absorption train it was 
found possible to collect small samples of paraffinic constituents for further 
examination.
Determination of Sulphur.

The hydrocarbon mixture was introduced into a Matheson-Cook bomb 
calorimeter over 30 c.c. of water and ignited in oxygen to produce sulphur 
trioxide, which dissolved. The sulphuric acid thus formed was isolated 
from any other acids, such as C02 and H N 03, which might be present by 
precipitation as benzidine sulphate, which was then hydrolysed at 50° C., 
and the acid solution titrated with standard potassium hydroxide.
Gas Analysis.

Hydrogen, carbon dioxide, and the hydrocarbons were determined using 
the Bone and Wheeler apparatus.Sulphur dioxide in regenerating gases from the catalyst tube was not 
estimated, but was detected by a dilute solution of p-rosaniline. Hydrogen



sulphide in the gases from sulphur runs was estimated by absorption in 
2N aqueous sodium hydroxide and back-titration with standard iodine and 
sodium thiosulphate solution after acidifying with hydrochloric acid.

C y c l iz a t i o n  o f  m - H e p t a n e .

The n-heptane used had the following characteristics: refractive
index < ,  1-38775; density, D20, 0-6836; boiling range, 98-98-5° C.;
freezing point, — 90-7° C.Six preliminary runs were made on heptane, lw o  ol these, when an 
approximately 6 atomic per cent, chromium sesquioxide was used as the 
catalyst at 500° C., with a liquid-space velocity of 1-3 c.c./c.c./hr., yielded 
a liquid containing 60 per cent, toluene. In another run using the same 
chromium catalyst the space velocity was very much lower, but the toluene 
in the liquid product was still about 60 per cent. This result is in agreement 
with the results of Groose, Morrell, and Mattox, who used this catalyst and 
concluded that space velocities lower than about 0-3 c.c./c.c./hr. do not 
appreciably improve the percentage yield of toluene. The preliminary 
runs where the lower percentage molybdenum catalyst was used did not 
show very different results from these for the chromium catalyst. No 
conclusions on the effectiveness of the catalysts were reached from this, 
however, because the preparations were not made under strictly identical 
conditions.Using the standard conditions referred to above, 250 c.c. of n-heptane 
were passed over the standard molybdenum catalyst at 550° C.

Products : Gas and carbon : the gas was assumed to be a mixture of 
methane and hydrogen on the basis of other published work, and the 
carbon was deposited on the catalyst. 93 per cent, of the charge was a pale 
yellow liquid which analysed :—

Naphthalene 1 per cent.
Toluene 55 per cent.
Unsaturateds 5 per cent.
Heptane 40 per cent.
Overall conversion to toluene =  53 per cent.

The Effect of a Mild-Steel Catalyst Tube.
Observations on the effect of a mild-steel catalyst tube on the cyclization 

of w-heptane were inconsistent, and are not therefore reported in detail. 
There are certain general conclusions which can be made, however, from 
over 100 runs in mild-steel tubes.

(1) Mild steel effects the cyclisation reaction.
(2) A new tube enhances the reaction.
(3) After some time the oxide-sulphide scale must be removed before each run to achieve consistently good results.

Cyclization of Heptene.

Since pure heptenes were difficult to obtain and the present work was 
concerned mainly with the cyclization of hydrocarbon mixtures, technical 
heptene was used in the experiments described below.
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The technical heptene used had a bromine number of 165 (163 for pure 
heptene), although the distillation curve indicated only 80 per cent, n-heptenes.

285 grams of technical heptene were passed over the molybdenum 
catalyst under the standard conditions and at 550° C. The products are indicated :—

(1) 5 grams of “ tar ” was deposited in the catalyst tube, extractable with petroleum ether.
(2) A black deposit on the catalyst was formed which was not 

extractable with organic solvents and was therefore assumed to be 
carbon.

(3) 65 litres of gas were produced, a sample of which was analysed.
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Gas Analysis C02 . . . . . .  Nil
Olefines . . . . . 4 4  per cent.
O x y g e n ...............................................Nil
CO . . . . . .  6 per cent.
Hydrogen . . . . 10 per cent.
Paraffins . . . . . 4 0  per cent.

(4) 185 grams of dark yellow liquid which was distilled, fractionated 
and analysed for unsaturateds, aromatics and paraffinic hydrocarbons.

In the analysis of these fractions the absorption train method did not 
give consistant results even with an additional absorber containing 70 per 
cent, sulphuric acid to remove most of the unsaturateds. The aromatics 
produced were difficult to nitrate quantitatively, and the products required 
recrystallizing. The unsaturateds were therefore estimated from the 
bromine numbers of the fractions, the aromatics by using these values for 
unsaturateds, and the paraffins were estimated by difference. These 
results are summarised in Table II.

T a b l e  I I .
Product from  Cyclization of Heptene.

F ra c tio n ,
°C .

P e r  cen t, 
o f liq u id  
p ro d u ct.

«20 "D  ■
A ro m atics , 

p er cen t.
U n sa ts ., 
p er cen t.

Pa ra ffin s , 
p er cen t.

I 67-86 19 1-4310 20 34 47
I I 86-93 18 1-4800 20 34 46

I I I 93-96 34 1-4550 27 38 35
IV 96-110 16 1-4220 15 39 47
V 110-187 10 1-4740 30 17 53

In the first four fractions the aromatics were toluene and benzene, but 
in fraction V were probably toluene and xylenes, as the recrystallized nitro
compounds melted at 157° C.

Conversion Data.
Charge to aromatics . . . . . . 1 4  per cent.
Charge to paraffins . . . . . . 19 „ „
Charge to tar, carbon, gas, and loss . . . 38 „ „



From a consideration of these results it appears that benzene, toluene, 
and xylenes were produced and the percentage aromatics in the liquid 
product was about 22 per cent. There is considerable loss by decomposition 
in the catalytic treatment of technical heptene, and a spreading of the dis
tillation range of the liquid product is obtained. In Fig. 4 are shown the 
distillation curves of technical heptene and the product. Some polymeriza
tion occurs, and, because this is indicated, the percentage unsaturateds in 
Fraction V as calculated from the bromine number may be too low. A 
factor which might account for the low yield of toluene from the technical 
heptene is that some of this was heptene-3, which would be more stable 
than the less symmetrical heptenes under the conditions of the reaction. 
The considerable production of paraffins is surprising, but these are not 
produced mainly by cracking or by disproportionation, because these 
saturateds are present in similar proportions in all the fractions. Because of
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V O L O M E  P E R C E N T  O F F

F i g . 4 .

this production of paraffins some confirmatory analyses were made. The 
original heptene was examined further, and found to contain negligible 
paraffins. A sample of the heptene product was completely brominated, 
washed free from bromine, and the product distilled from the bromo- 
compounds and separated into three fractions. The composition of these 
fractions was then estimated approximately, by an aniline-point method. 
The percentage paraffins indicated in this way are shown in Table III below.

T a b l e  I I I .

Paraffins in converted Heptene.

F ra c tio n , °  C. P a ra ffin s , p er cen t.

< 1 0 0 52
100-103 40
103-114 41

Although these results in themselves cannot give an accurate estimate of 
the composition of the product, the previous analysis is confirmed, and there



is little doubt that considerable hydrogenation of technical heptene to 
paraffins accompanied dehydrogenation, cyclization, and cracking under 
the conditions described.
Heptane-Heptene M ixtures.

The effect of unsaturated hydrocarbons in the substrate on the cycliza
tion properties of paraffins was observed by using various mixtures of 
w-heptane with technical heptene under the standard conditions and at 
550° C. The results are shown in Table IV.

T a b l e  IV .
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Cyclization of Heptane-Heptene Mixtures.

H eptene in  
charge, 

per cent.

P ro d u c t. A ro m atics  in  
unsaturateds- 

free, 
p er cen t.

U n sa tu ra te d s , 
p er cen t.

A ro m atics , 
p er cen t.

P a ra ffin s , 
p er cen t.

10 6 24 72 25
19 15 22 59 26
36-8 35 — — 30
60 52 — — 33
80-6 72 1 1 17 39

100 82 10 8 57

In each case carbon and gas were produced in approximately equal 
quantities, although noticeably more tar was produced for the more un-

P E R C E N T  H E P T E N E  IN CHARGE
F i g . 5 .

saturated feed stocks. When the results are plotted graphically (Fig. 5) 
it is seen that cyclization decreases with increase in the heptene content of



the charge, although some of the heptene is converted into aromatics or 
naraffinic hydrocarbons in each case. It appears also that the percentage 
aromatics in the product falls off rapidly with initial increasing heptene in
the feed.
Stability of Toluene under Cyclization Conditions.

Toluene was examined under the conditions of cyclization reactions. A 
few preliminary runs with A.R. toluene showed a change in colour, odour, 
and refractive'index. 1200 c.c. of pure toluene was therefore prepared, 
boiling at 110° C. by distillation of A.R. toluene. The toluene was passed 
over the molybdenum catalyst at 500° C. under the standard conditions 
described. The horizontal catalyst tube apparatus was used and the run 
was several days duration, during which time the catalyst was regenerated, 
and reactivated after every 3 hours.

Products : The gas produced was analysed but was not measured.
Analysis O le f in e s ..........................................11 per cent.Hydrogen less than . . .  2 per cent.

Paraffins (n =  1-1) . . . 85 per cent.
There was some indication of decomposition in the preheater, but the 

deposit on the catalyst was not extractable with organic solvents, and was 
therefore assumed to be carbon.1130 c.c. of a pale yellow liquid was obtained which was distilled using 
the 25 theoretical plate still, fractionated, and analysed. The analysis is 
shown in Table V \

T a b l e  V .
Product from Thermal Catalytic Treatment of Toluene.
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Volum e, 
per cent.

D is tilla tio n  
range, °  C .*

To lu ene, 
per cen t.

U n sa ts ., 
p er cen t.

Paraffins, 
per cent.

I 6-4 97-109 78 10 12
I I 82-4 109-109 100 0 0

I I I 2 109-109 100 0 0
IV 0 109-109-5 100 0 0
V 3-2 109-5 — 0 0

*  =  unco rrected .

Total Analysis : 97 per cent. Toluene
1-2 per cent. Unsaturated Hydrocarbons.
1 2  per cent. Paraffin Hydrocarbons.

Toluene is thus relatively stable under the conditions described, but 
about 6 per cent, decomposition occurs and a small percentage of unsatur- 
ateds is definitely formed. No paraffins were isolated from the liquid pro
duct, but both paraffins and olefines were found in the gas produced.
Cyclization of Heptane- Toluene Mixtures.

The effect of the initial aromatic content of the substrate on the aromatic 
content of the liquid product in the cyclization of hydrocarbon mixtures 
uas investigated for heptane-toluene mixtures.

The runs were all made at 550° C. under the standard conditions described,
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excepting that deviations from the liquid space velocity of 0-3 were un
avoidable, as the rate of feed varied slightly with the density of the charge. 
The gas produced was not measured. The results are shown in Table VI.

T a b l e  V I .
Cyclization of Heptane-Toluene Mixtures.

Toluene in  
charge, 

per cen t.

O ve ra ll 
hep tane  

co n verted , 
p er cen t.

L iq u id  p ro d u ct.

P e r  cen t, 
on charge.

U n sa ts ., 
p er cen t.

P a ra ffin s , 
p e r cen t.

A ro m atics , 
p er cen t.

100 — . 69 0-4 0 99
96 0 67 0-5 0 99
92 0 68-3 0-5 0 99
83-5 0 75-8 0-6 0 99
65-6 0 721 0-7 16 83
46 0 25-8 77-9 1-6 18 80
24-1 52-6 791 1-4 18 81

0 59-5 91-5 4-8 33 62

It appears from the results in Table VI that the total gas, carbon, and tar 
formation was greater for higher percentage toluene charges. Parallel

F i g . 6 .

with this is the fact that less unsaturateds were formed from these charges. 
Although the same catalyst was used for the runs and was regenerated and 
reactivated before each run, the increased loss to carbon, gas, and tar can
not be due to the incomplete removal of carbon and its consequent catalytic 
cracking activity, as the runs were made in the order shown, and this effect, 
like that of any deviation in liquid-space velocity (due to the densities of 
the charges), would be opposite to the results found. Again, although the 
losses were phenomenally great for the pure toluene charge, the general 
tendency for increased conversion losses with increasing toluene in the 

o 2
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charge is still shown by the results in Table VI if this run is neglected. 
From Fig 6 and Table VI it is apparent that for the most economical 
conversion of n-heptane at 550° C. the least aromatic charge is desirable, 
while for the production of highly aromatic products, however, there is an 
optimum range for the aromatics in the charge. It appears, then, that at 
550° C. two types of processes are active, cyclization and thermal aromatiza- 
tion or cracking.Although in the 65-6 per cent, and 83-5 per cent, toluene runs there was 
no overall conversion of heptane into toluene, since from the general results 
in Table VI the aromatics are lost to gas, carbon, and tar rather more 
readily than the paraffins, it seems that heptane was converted into toluene 
in predominantly aromatic mixtures.
Cyclization of 2 : 2 :  4-Trimethyl Pentane.

Hoog, Verheus, and Zuiderweg 30 compared the cyclization of various 
paraffins over pilled Cr20 3 catalyst with contact times of 18-24 seconds 
and a reaction temperature of 465° C. Eighteen hydrocarbons were 
examined, and of these, w-pentane, 2-methyl pentane and 2 : 2 : 4-trimethyl 
pentane were not appreciably aromatized, although in each case there was 
considerable define formation, but no notable cracking. From distillation 
data and the composition of reaction gases it was deduced that the forma
tion of higher-molecular-weight compounds occurs with these base materials 
which are not appreciably aromatized (e.g., 2 : 2 : 4-trimethyl pentane). 
It was also generally concluded that paraffins with structures not readily 
permitting the formation of a six-membered ring are not appreciably 
aromatized, and that, since there are formed from paraffins only those 
aromatics which would be expected on this basis, then under the given dbn- 
ditions chromium sesquioxide does not effect isomerization of the carbon 
skeleton, although some lower aromatics might be formed as a result of 
cracking reactions.

For the aromatization of many hydrocarbon mixtures these conclusions 
impose definite theoretical restrictions, and the thermal catalysis of 2:2:4- 
trimethyl pentane was therefore investigated further. Although the 
following experimental work was carried out merely to find the conditions 
of formation of aromatics, no single process was being studied, and no gas 
analyses were made, certain interesting facts were found.
Experimental.

(1) Pure 2 : 2 : 4-trimethyl pentane twice redistilled from the Rôhm- 
Haas product was passed over the molybdenum catalyst at 550° C., using a 
mild steel catalyst tube and a liquid catalyst-space velocity of about 
0-3 c.c./c.c./hr. A pale yellow liquid product was obtained, 50 per cent, 
of the charge. Lhere was considerable gas and carbon production.

Analysis of L iquid Product.
Aromatics
Paraffins 50 per cent.
Naphthalene
Unsaturateds
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There was, then, a conversion of 25 per cent, of the charge into aromatics. 
The nitro-compounds prepared from the aromatics at 100° C. melted at 
179° C. That these wore aromatic compounds was shown by reduction to amines, diazotization, and coupling with ¡3-naphthol. Oxidation of the 
original hydrocarbon mixture with alkaline permanganate yielded some 
phthalic acid, m. p. 190° C. The aromatics in the product were then a mixture of xylenes, o-xylene being identified.

(2) 166 c.c. of pure 2 : 2 : 4-trimethyl pentane were passed over a 6
atomic per cent, chromium sesquioxide alumina catalyst at 450° C. in a
mild-steel catalyst tube. The catalyst was prepared from ch ro m iu m  
nitrate and reduced in hydrogen. The liquid catalyst space velocity was 
0-33 c.c./c.c./hr. 18-5 litres of gas and a pale yellow liquid (89 per cent, of charge) were produced.

A nalysis of L iquid Product.
Aromatics . . . . . . . 1 - 9  per cent.
Unsaturateds : . . . . . .  15-1 ,, „
Paraffins (by difference) : . . . . . 82 „ „
Gum (including some naphthalene) : less than . 1 „ „

Considering the nitro-compounds obtained the aromatics present were 
probably mixed xylenes together -with some benzene. Identification by 
oxidation with alkaline permanganate was not successful.

The unsaturateds were not identified. The aromatics and unsaturateds 
were then removed by absorption in 98 per cent, sulphuric acid and the 
residue examined ; distillation indicated that the greater part of the residue 
boiled below 84° C. and that there was a 10 per cent, fraction at 74° C. 
The refractive indices of various arbitrary fractions were found, and some 
are shown in Table VII. From these results it appeared that isomerization

T a b l e  V I I .

F ra c tio n , °  C .
P e r  cen t, o f aro m atics 

an d  unsats.-free 
p ro d u ct.

n f .

f 64 15 1-3900
64-85° 35 1-3919
85-98 20 1-3945

R esid u e 6-5 1-4362
O rig in a l m ix tu re  

f 40
100

6 1

1-3979

(2 ) .

40-50
50-74 2 \  38 I

1-3935

74 26 —
74-98 18 1-3948

R es id u e -- 1-4185

to more highly branched compounds had taken place. However, although 
98 per cent., sulphuric acid was shown not to affect " iso-octane ” alone, it 
was found that under the usual conditions washing with acid of this strength 
does not remove unsaturateds completely, and that the effect of acid treat
ment in the presence of such unsaturateds could account completely for the 
results found.



The production of both lower- and higher-molecular-weight compounds 
was indicated, and further evidence for the former was obtained by deter
mination of molecular weights of two fractions from a further distillation. 
This is sh o w n  in Table VIII.

T a b l e  V I I I .

200  G R EEN  I TH E CYCLIZATIO N OF H Y D R O C A R B O N  M IX T U R E S .

Sam ple.

M o lecu la r w eights.

Fo u n d . T h e o re tica l.

O rig ina l 2 : 2 :  4-T rim ethyl pen tane . 
70-90° C . F ra c tio n  . . . . .  
90-112° C . F ra c tio n  .

1 1 2
102
1 1 2 - 1

114
100 fo r C ,H „  
114 fo r C 8H 18

From the above it would appear that considerable aromatization of 
2 : 2 : 4-trimethyl pentane is possible under certain conditions, but is 
accompanied by very considerable cracking.
Benzf.ru>-2 : 2 : i-Trim ethyl Pentane M ixture.

From thermodynamic considerations it has been shown that the reaction 
of benzene and 2 : 2 :  4-trimethyl pentane to give toluene and the elements 
is permissible in the temperature range of the cyclization reaction. From 
this indication and from a consideration of the cracking possibilities, 
alkylation of the aromatic ring with a dehydrogenation catalyst might take 
place under suitable conditions.

A mixture of 55-8 per cent, pure thiophen-free benzene and 44-2 per cent, 
of pure 2 : 2 : 4-trimethyl pentane was passed over the molybdenum 
catalyst at 550° C. under the standard conditions described above. The 
product was distilled, fractionated and analysed.
Products.

10 per cent, of charge as gas, carbon, and loss.
90 per cent, of charge as a colourless liquid with a distillation range of 

74-110° C. (The distillation range for the charge was 80-95° C.)
Analysis.

The analysis of the product is shown in Table IX.
T a b l e  I X .

Analysis of Fractionated Liquid Products from  Benzene-iso-octane Run.

F ra ctio n ,
°C .

Vo lum e, 
per cent.

R e fra c tiv e
index,

n ff.
U n sa ts ., 
p er cen t.

A ro m s., 
p er cen t.

P a ra ff., 
p e r cen t.

M . p . o f 
n itro 

com pounds, 
°C .

1 74-80 8 1-4905 98 58 32 88
2 80-83 45 1-4697 18 50 32 86
3 83-90 26 1-4554 29 35 1 35-0 874 90-110 6 1-4700 10 49 4 179

The aromatics in fractions 1,2,  and 3 were assumed to be benzene from 
the melting points of the isolated nitro-compounds. The aromatics in
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fraction 4 were probably o- and ra-xylenes. The nitro-compounds isolated 
from this fraction were reduced, but the amines could not be isolated satis
factorily. On diazotization, however, a dye was obtained by coupling 
with alkaline p-naphthol. Neither the diazo-dye nor the amine hydro
chloride could be crystallized satisfactorily for characterization.

The total liquid product had the following composition.
48 per cent, aromatics.
40 per cent, benzene.

8 per cent, mixed xylenes.
35 per cent, paraffins.
15 per cent, unsaturated hydrocarbons.
0-1 per cent, naphthalene.

Thus both the percentage benzene and 2 : 2 : 4-trimethyl pentane had 
decreased. The reaction must have involved the benzene present, since 
benzene alone under the same conditions was not changed. Since, how
ever, the formation of xylenes was found when iso-octane alone was treated 
under the same conditions, the possible alkylation of benzene with other 
hydrocarbons by contact catalysis is not decided either way by these results. 
Benzene alone was stable under the same conditions as shown by the 
experiment below.
Benzene Run.

Pure thiophen-free benzene was treated under the standard conditions 
described at 550° C.
Products.

Gas : 1 per cent, of charge. The gas did not contain unsaturateds. 
Carbon : , A light deposit on the catalyst unextractable with organic 

solvents. This deposit was noticeably less than in other runs.
Liquid : 98 per cent, of the charge as a colourless liquid boiling at 

80-81° C.
Bromine number =  0

<  =  1-5012, 1-5013 
Original benzene : n™ =  1-5011, 1-5010.

Discussion.
The production of the considerable proportion of paraffinic hydrocarbons 

during the cyclization of technical heptene is rather surprising. Taylor and 
Turkevich2 using small quantities of gel catalyst (15 g.) found that the 
percentage paraffins produced in the cyclization of heptene-1 dropped from 
13 per cent, at 424° C. to 2 per cent, at 474° C. Since the paraffins are in 
similar proportion in all fractions of the product, it appears that they are 
produced by catalytic hydrogenation during the dehydrogenation reactions. 
Thermodynamically the conditions were favourable for heptene production, 
and the fact that this was realized to a considerable extent suggests that 
the conditions approached hydrogenation equilibrium conditions closely.

In Fig. 5 for heptane-heptene mixtures it is apparent that aromatization 
of heptane is decreased considerably by small quantities of technical 
heptene, and the initial presence of unsaturated compounds in the sub
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strate thus considerably limits the efficacy of^the cyclization reaction. 
This seems to be in accordance with the discovery - that cyclization catalysts 
are poisoned irreversibly by ethylene. The conversion of heptane into 
toluene even in predominantly aromatic mixtures favours the assumption 
made by some workers that paraffins can compete effectively with aromatics 
for the catalyst surface under cyclization conditions.Much more experimental work is necessary before any general conclusions 
can be made on the isomerization of 2 : 2 : 4-trimethyl pentane by cycliza
tion catalyst, and the work is being continued. It seems desirable that 
more attention should be paid to the paraffinic portion of the products and 
that the formation of aromatic hydrocarbons should not be taken as the 
only indication of isomerization. For this purpose much greater volumes 
of the substrate must be used than hereto and attention given to the 
qualitative nature of the products.
Cyclization of Mixtures containing Sulphur Compounds.

Preliminary investigation was carried out on mixtures containing vary
ing proportions of sulphur compounds from two aspects. The resistance 
to poisoning by sulphur and the desulphurization capacity of the cycliza
tion catalysts was tested together with the effect on the chemical composi
tion of the products from sulphur containing charges.
Experimental.

Molybdenum and chromium, forming stable sulphides, might be expected 
to act as desulphurizing catalysts. Indeed, molybdenum trisulphide has 
been claimed as a desulphurizing catalyst (B.P. 315,439) when supported 
on charcoal and other carriers. The trisulphide was therefore precipitated 
on active charcoal and dried at 110° C. With this catalyst a 30 per cent, 
reduction in total sulphur for a single pass was obtained running a benzole 
fraction with hydrogen at 300° C. On the basis of several experiments it 
appeared that for best results the catalyst should be treated with hydrogen 
sulphide at intervals. A catalyst was prepared by depositing MoS3 and 
Co20 3 on pumice in their molecular proportions and treating with hydrogen 
sulphide at 300° C. At this temperature reductions in total sulphur of a 
benzole fraction of 14 per cent, when using a liquid catalyst space velocity of
1-9 c.c./c.c./hr. and 26 percent, when using 0-13 c.c./c.c./hr. were obtained. 
In this preliminary work hydrogen was passed with the feed to reduce the 
sulphur compounds to hydrogen sulphide. When considering cyclization 
catalysts, however, it was apparent that a new principle might be involved, 
since the hydrogen required to reduce the sulphur compounds could be 
supplied, under suitable conditions, by the cyclization reaction itself. In 
order to test the capacity of the cyclization catalysts for desulphurization 
and their resistance to sulphur poisoning in a suitable time, a search was 
first made for the highest percentage sulphur in the charge which could be 
desulphurized efficiently. The conditions used were very similar to the 
standard conditions described above, deviations from these being due to 
variations in the feed-rate probably caused by increasing density of the 
feed with increasing content of carbon disulphide. This material was used 
in a 110-120° C. benzole fraction to give charges of various sulphur contents.
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In Table X the experimental results are shown and in Fig. 7 are expressed graphically.

d e s u l p h u r i&a t k jn  of 

CARBON D ISU LPH ID E M IXTURES

0 8  0 1  O S  0
P ER C EN T  SU LP H U R  IN  PRO DUCT

F i g . 7 .

T a b l e  X .

Desulphurisation of Carbon Disulphide Mixtures.
T em p era tu re  : 550 ° C .
C o n tact T im e  : 35-40 seconds.

R u n
no.

In p u t,
c .c .

Feed-
ra te ,

c.c ./m in .

P ro d u c t,
c .c .

G as
p roduced ,

c .c .

Su lp h u r 
in  feed, 

p er cen t.

Su lp h u r 
in  liq u id  
p rod uct, 
p er cen t.

D e su lp h u r
iza tio n , 

p er cen t.

47 40 1 33 3200 1-14 0-10 91
48 35 0-875 32 2600 1-7 0-33 80
49 35 0-875 30 2400 3-0 0-49 84
50 34 0-875 30 2200 4-2 0-53 87
51 35 0-875 30 3200 1 1 -2 0-85 93

The catalyst was regenerated with air before each of the runs above until 
no more sulphur dioxide (detected with p-rosaniline) was evolved. In 
this way, sulphur dioxide was found to be present even when air had been 
passing for 3 hours. When hydrogen was passed to reduce the oxide, 
H2S was formed, indicating that sulphur was combined on the catalyst. 
H2S and S 0 2 were not estimated in the presence of each other, for it was 
assumed that the reactions shown would go to completion above 500° C.

Excess S 0 2 
Air .
Excess H 2S

SO- +  h 2s  — > s  +  h 2o  
s o 2
h 20  +  s
h 2s

S -f- 0 2 - 
S 0 2 -T H2S ■

Hydrogen . . . S +  H2

The products of runs 47-51 were examined for aromatics and unsaturateds. 
In Table XI it can be seen that the percentage unsaturateds increases with 
increasing sulphur content of the charge. Although this increase is small, 
it is significant that the aromatic content of the product falls over a similar 
range. The true conversions were certainly greater than indicated in 
Table XI because the experimental losses were great as small volumes of the 
order of 100 c.c. were used.
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T a b l e  X I .

R u n
no.

Charge S , 
p er cent.

P e r cen t, unsats. 
in  p rod uct.

P e r  cen t a ro m atics 
in  p rod uct.

O v e ra ll percentage con
ve rs io n  to  aro m atics .

47 114 1 2 1 80-8 2
48 1-70 14-2 78-3 7
49 300 13-8 79-8 3
50 4-20 150 76-7 1
51 11-20 17-4 76-7 1

Catalyst Desulphurization Tests.
In order to test the catalyst a long run was made charging 25-3 per cent, 

sulphur (as carbon disulphide) in a 110-120° C. benzole fraction.
The conditions described above were used, and samples of the product 

were taken at intervals. At somewhat longer intervals the hydrogen 
sulphide in the gas was estimated.The catalyst was then reactivated and further charge passed. It was 
obvious that copious evolution of hydrogen sulphide was taking place in the 
second stage, but no estimations of the gas could be made. During the 
reactivation, however, considerable sulphur dioxide was evolved when air 
was passed over the catalyst.

In Tables XII and XIII are shown the results for the first and second 
stage runs.

T a b l e  X I I .
Desulphurization— F irst Stage.

R u n
no.

D u ra tio n ,
m ins.

Y ie ld  o f liq u id  
p rod u cts, c.c .

S u lp h u r in  liq u id  
p ro d u c t, c .c .

S u lp h u r in  gas, 
g ./h r.

52 60 22 0-91 __
53 120 48 0-87 0-50
54 180 113 2-28 __
55 245 180 3-60 0-49
56 335 250 __ __
57 395 340 3-92 __
58 425 380 5-56 0-17
59 520 510 7-00 __
60 525 515 __ __
61 690 691 __ 0-10
62 840 861 7-88
63 910 941 7-54 __
64 920 951 __ __
65 1040 1051 8-36 0-13

T a b l e  X I I I .
Desulphurization— Second Stage.

R u n
no.

D u ra tio n ,
m ins.

Y ie ld  o f liq u id  
p rod uct, c .c .

S u lp h u r in  liq u id  
p ro d u ct, p er cen t.

66 60 35 6-61
67 150 95 7-96
68 270 221 6-30
69 315 277 12-8
70 395 372
71 505 __ 10-1
72 520 384 11-9



Since sulphur dioxide was produced in the reactivation process, and as 
molybdenum sulphides are very stable, it is probable that some sulphur was 
sorbed by the catalyst carrier. The tests made were extremely severe, 
and the fact that the catalyst desulphurized to the extent of 60 per cent, 
after a 17-hour continuous run, without reactivation, and without any 
added hydrogen, indicates that it is very stable to sulphur, although from 
these results it is expected to be progressively poisoned over very long 
periods. It may be found, however, that when lower-percentage sulphur 
charges are treated no poisoning occurs, and that no sulphur is absorbed 
on the catalyst carrier. The second-stage experiment shows (Fig. 8) that 
the poisoning observed is in part reversible.
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d e s u l p h u r iz a t io n  r u n s

  B E F O R E  R E A C T IV A T IO N

 A F T E R  R E A C T IV A T IO N

0  5 10
D U R A T IO N  H O U R S

F ig . 8 .

Thiophen Run.
A 1 per cent, sulphur (as thiophen) mixture was made in hexane and run 

over a new catalyst using the conditions of previous runs. The results are 
shown in Table XIV.

T a b l e  X IV .

Charge : 198 c .c . 1 %  su lp h u r (as th io p h en ) in  hexane.
P ro d u ct : 111 c .c . in  th ree  fra c tio n s  : ave rag e  p ercen tag e  su lp h u r =  0 34 p er cen t. 

28 lit re  o f gas.

R u n
no.

V o l. liq u id  
p ro d u ct, 

c .c .

D u ra tio n  
o f ru n , 

hrs.

P e rc e n t. S . 
in  liq u id  
p ro d u ct.

P e rce n t, benzene 
in  liq u id  
p ro d u ct.

78 31 __ 0 1 0 60
79 30 1 0-53 60
80 50 1 0-38 51

Thiophen is thus much more difficult to remove under the conditions 
stated than is carbon disulphide, but the results indicate that the catalyst



G E E E N  : TH E CYCLIZA TIO N  O F HYDROCAitEUJN M iA iu n js a .

is stable to sulphur in the charge when in the form of carbon disulphide or 
thiophen, and effectively desulphurizes in both cases.

D i s c u s s i o n .

Although the work reported here is not extensive and no light is thrown 
on the processes of poisoning and desulphurization, an important principle 
is indicated—that of complex catalysts where the complexity is due not 
to the catalyst but to the substrate itself. It is clear that with a molybde
num catalyst the processes of cyclization and desulphurization proceed 
together. It has been observed before 43 that molybdenum sulphide is an 
active catalyst for hydrogenation-dehydrogenation, as is molybdenum 
oxy sulphide.44When the spent catalyst from the desulphurization runs was analysed, 
however, the proportion of Mo to S was 0-81 atoms to 1 atom, hence it 
appears that the catalyst was a mixture of oxide and sulphide.

The greater resistance of thiophen to decomposition is probably due to 
the stability of the thiophen ring itself, but the fact that this compound 
is decomposed under cyclization conditions, together with the possibilities 
of conversion of near boiling non-aromatics to benzene and the stability 
of the latter under these conditions, serve to indicate the possible use of 
cyclization catalysis for the production of pure aromatics. In this connec
tion it is worthy of note that some nitrogenous compounds are converted 
into ammonia and hydrocarbons during the cyclization reaction 43

C o n c l u s i o n .

Table XV shows the most important experimental results which have not 
been tabulated abpve, and it can be seen that naphthalene formation was 
quite general in the cyclization reactions studied and usually formed about 
1 per cent, of the product.

T a b l e  XV.

Feed. C atalyst. Tem p.,
L iqu id

c a ta ly s t
L o ss ,  
g a s, 

carbon , 
etc., 

per cent.

P ro d u cts : percentages on 
ch arge. (L iq u id .)

° C . velocity,
v ./v ./h r. A rom a

tics. U n sats. P a ra f
fins.

Naphtha
lene.

1 Benzole Copper
chrom ite

500 0-3 - Increase 
of 8%

Increase  
of 9%

— 1

2 n-Heptane Moa0 3 on 
alum ina

550 0*3 7 53
(toluene)

4 39 1

3 Technical heptene Mo, 0 3 on 
alum ina

550 0-30 38 14 19 29 —

4 Toluene M o, 0 3 on 
alum in a

550 0-31 3 95
(to luene)

1-2 1-2 —

5 2 : 2 :  4-Trim ethyl 
pentane

MoaOa on 
alum ina

550 0-30 50 25 1 24 1

t> 2 : 2 :  4-Trim ethyl 
pentane

Cra0 3 on 
alum in a

450 0-33 11 1-2 12-14 73 1

V H exane with 1 per 
cent, thiophen

Mo80 3 on 
alum ina

550

"
50

Cr20 3 from chromic acid, on floridin as carrier, showed negligible activity, 
whereas when the sesquioxide was prepared from chromium nitrate, using 
the same carrier, the aromatics and unsaturateds in a hydrocarbon mixture were increased by 16 per cent.
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Copper chromite and molybdenum sulphide on various carriers were 
active, but the introduction of activated alumina increased the activity of 
these and other catalysts considerably. Activated alumina alone was also 
active.Various mixtures were passed over a molybdenum-alumina catalyst, 
and it was found that n-heptane is more easily aromatized than technical 
heptene. The reactions of other mixtures are discussed, and o-xylene was 
identified from the aromatization of 2 : 2 : 4-trimethyl pentane. At 
550° C. 2 : 2 : 4-trimethyl pentane was converted into 25 per cent, aromatics, 
but this conversion was accompanied by extensive cracking.

Desulphurization and aromatization of benzole fractions were found to be 
technically inseparable processes. The activities of various catalysts for 
desulphurization were studied. Molybdenum sulphide showed greater 
activity than chromium sulphide, except when the former was prepared 
outside the catalyst tube.

In general, the cyclization of hydrocarbon mixtures results in a spreading 
of the distillation curve, formation of gas and carbon and an increase in 
aromatic and unsaturated hydrocarbons. At the same time hydrogenation 
reactions take place. The product from such a reaction will therefore 
depend on the conditions of the reaction and on the nature of the substrate. 
By the choice of suitable conditions, and by varying the composition of the 
substrate, it is possible to achieve several different reactions at the same time, 
using a single catalyst.In a later paper the continuation of this work will be described, and the 
significance of some of the results may be seen in a different perspective.

The author wishes to express his appreciation for the interest and encour
agement shown by the late Professor A. W. Nash and by Dr. T. G. Hunter 
of this Department.

Department of Oil Engineering and Refining,
The University,

Birmingham.
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SP R IN G  T E N S IO N  B A LA N C E  FO R  C .F .R . 
B O U N C IN G  P IN .*

By P. D r a p e r , j -

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

A n  instrument was designed in 1939 by D. M. Clement, of the Shell 
Laboratory, London, for accurately determining the tension of the leaf- 
springs and plunger-spring on the C.F.R. adjustable-leaf-type bouncing- 
pin, the standard instructions for setting being inadequate, particularly 
when testing high-octane fuels.

After consideration by the Knock Rating of Aircraft Fuels Panel Sub- 
Committee of the Institute of Petroleum detail alterations were made, 
and the final apparatus proved so successful that it has been employed for 
some time in almost every C.F.R. installation in the United Kingdom and 
in many laboratories overseas.

D e v e l o p m e n t .

The A.S.T.M. instructions for the setting of the old-type pin gave the 
limit s  of the free deflections, due to a permanent set of the lower and upper 
leaf-springs. These deflections were quoted in the A.S.T.M. procedure 
in sixty-fourths of an inch, and their limits were ^  inch for the lower 
leaf-spring and inch for the upper leaf-spring. The plunger-
spring tension must be within 10-1  -25 lb.

The above deflections were measured with an initial contact gap of 0-005 
inch and the pin then removed.

For simplicity, these deflections are now designated in thousandths of 
an inch with the gap just closed when the pin is in position, thus :—

The limits for the lower leaf are . . 0-042-0-057 inch
The limits for the upper leaf are . . 0-099-0-114 inch

It has been experienced that the deflection-load characteristics of all 
springs supplied are not similar. Springs in service become buckled and 
also lose their elasticity; new springs have not precisely similar dimensions 
and elasticity. Consequently there has been no definite knowledge or 
control of the forces of the springs acting on the pin. This instrument 
can determine true spring tensions in grams while the springs are in 
position.

The deflection-load characteristics of a number of springs gave the

* P a p e r re ce ive d  18th Ju ly ,  1942. 
t  A s ia tic  P e tro le u m  C o ., L td .
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following average figures for the forces in grains when the springs were 
deflected to the extent given by the A.S.T.M. upper and lower limits.

Lo w e r leaf-spring deflection  

U p p e r leaf-spring deflection  

P lu n g e r pressure

0-042 in ch 180
0-057 245
0-099 380
0-114 440

1 lb . 454
1-25 lb . 568

Fo rce  in  g ram s.

T h e  I n s t r u m e n t .

The instrument is simply a beam balance 9 inches in length, pivoted on 
a knife-edge (see drawings and photograph). The assembly is clamped to 
the flange of the bouncing-pin body, and made rigid by the tightening of

a thumb-screw. No part of the pin need be dismantled for this purpose. 
(The bouncing-pin assembly may remain in the engine or it may be held vertically in a vice.)

The inner end of the beam is forked, and bears at two points upon the 
underside of a thin clamp, which is attached to the tip of the pin protruding 
from the pin body. An imaginary line through the two bearing points 
passes through the vertical axis of the pin, thus a true value of the forces 
required to deflect the springs may be determined. A jockey weight on 
the outer arm balances the combined force of the spring to be tested and 
the weight of the pin and collar. The beam is calibrated from 150 to 570



grams at intervals of 10. A reading may be made to half a division, which 
is the limit of accuracy. (The average weight of the pin and the small 
clamp have been allowed for in the calibration of the beam.)

A p p l i c a t i o n .

It should be appreciated that the lower leaf-spring provides a downward 
force restraining the movement of the bouncing-pin, and thus causing the 
contacts to close only during detonating conditions. The upward force 
of the upper leaf-spring and the downward force of the plunger provide 
a nett “ buffer ” force for the bouncing-pin and lower leaf-spring to bounce 
against. It is this nett “ buffer ” force which determines the duration 
of electrical contact of the contact points, and therefore the sensitivity of 
the circuit.
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4--------------- ----------- (X) ------------------------- , f

( 0 0
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S ID E  ELEVATIO N

After the bouncing-pin assembly has been dismantled for cleaning and 
re-assembled, the spring-tension should be checked in the following 
sequence :—
1. Plunger Tension.

Swing aside the two leaf-springs by loosening their mounting screws at 
the ends of the lower cross-bar.Raise the pin until it touches the plunger, and attach the pin-clamp
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to the pin so that there is &  inch between its under face and the bouncing-
P1 Mount the beam and adjust the plunger tension to 455 and 570 grams, 
marking the positions of the adjusting screw for future reference.

Leave the plunger set at 530 grams.(The figure on the beam-scale flush with the inner surface of the jockey 
weight will give the force in grams.)

2. Lower Leaf-spring Tension.
Reassemble the two leaf-springs, seeing that they are correctly aligned, 

and set the contact gap to approximately 0-001 inch.
Attach the pin-clamp to the pin so that there is inch between its 

under face and the bouncing-pin body.Mount the beam and adjust the spring-tension screw so that the contact 
gap just closes at 180 and 245 grams marking the adjusting screw for 
future reference.

Leave this spring set at 180 grams.

3. Upper Leaf-spring Tension.
The upward tension of this spring can be determined only by measuring 

the combined force of all the springs, and thence by calculation. This is 
obtained by continuing to load the beam until the plunger is about to be 
moved.The upper spring tension-screw should be adjusted to give beam loadings 
of 270 and 330 grams marking the positions of the adjusting screw for 
future reference.

The setting should be left at 310 grams.
(The method of arriving at the above figures is as follows :—
The total downward tension of the three springs is equal to the sum of 

the tensions of the plunger and the lower leaf-spring, less the upward 
tension of the upper leaf-spring.

Total downward tension =  530 +  180 grams.
ooU

7in -  440 =  710 _  3 8 O g ra m s - 

=  270 and 330 grams.
From experience it has been found that for maximum knockmeter 

sensitivity the nett balancing force of the plunger and upper leaf-spring 
should be about 130 grams. Therefore 530 and 400 grams have been chosen 
for the initial setting of these springs. The total downward tension is 
thus 710 — 400 =  310 grams.)

4. Remove the spring-tension apparatus and set the contact gap to 0-003 inch (its limits being 0-003-0-005 inch.)
The bouncing-pin is then set for operation, and a minimum of alteration 

should be made within the limiting marks made on the adjusting screws. 
No alteration is permissible outside these limits.



Subsequent Setting.
A 55-60 knockmeter reading should be obtainable under standard 

conditions of operation by very slight adjustment of the contact gap within 
the limits specified above.

For testing high-octane fuels it may be necessary to increase the down
ward tension of the lower leaf-spring to a maximum of 245 grams. See 
Institute of Petroleum Standard Methods 1942. (For testing by the 
17° Motor Method it may be necessary to increase the tension to 300 grams. 
See J . Inst. Pet., May 1941, Vol. 27, p. 191).

It should not be necessary to alter the settings of the plunger or upper 
leaf-spring, but the sensitivity of the knockmeter depends on these relative 
settings. (Provided that the lower leaf-spring is exerting sufficient down
ward force to prevent the recording of “ combustion pressures ”.)

N o t e s .

The following approximate figures may be useful :—
One notch on the plunger-screw is equivalent to approximately 

15 grams tension on the plunger.
One notch on the lower spring-screw is equivalent to approximately 

10 grams tension on the pin.
One notch on the upper spring-screw is equivalent to approximately 

10 grams tension.
Care should be taken that the reading of the number of notches of turn 

of the upper spring-screw is not a false one on account of the backlash.
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JAMES ROMANES.
In the sudden and premature death of James Romanes at the early age 

of 56, Great Britain loses one of its most talented and respected geologists 
and authorities 011 oilfield geology. Following his education at the Edin
burgh Academy, he proceeded to Christ’s College, Cambridge, where his 
inherited inclinations and outstanding abilities were concentrated on 
o-eology, and he there obtained his B.A. (Natural Science Tripos, 1st Class) 
in 1008, and Natural Science Tripos, Part 2, 1st Class Geology, in 1909. 
He was Harkness University Scholar in 1911 and became an M.A. in 
1912. For a time he remained at the University as lecturer and coach 
in geology, whilst engaged on research work, thereby becoming acquainted 
with many students who sought his advice and guidance when building a 
career and later acquired distinction. One of his earliest associations with 
oil was on an expedition that had for its object the determination of oil 
prospects in the Eastern Andean foothills of Bolivia, a task which involved 
two years’ absence in remote and inhospitable country.

The European War of 1914-18 caused a break in his professional activi
ties, for he at once joined up, and obtained a commission in a Border regi
ment that was eventually drafted to Gallipoli. At Suvla he was gravely 
wounded when leading his company in an attack on Turkish positions, 
and was reported killed; indeed, his obituary notice appeared in The 
Times, and his family went into mourning. On recovering from his wounds 
he accepted a post with the Royal Flying Corps, where his scientific accom
plishments were quickly recognized and applied in investigations of a 
confidential nature. When peace was proclaimed and he secured his 
release from the Army with the rank of Colonel, he renewed his connection 
with the petroleum industry, and became a partner in the firm of A. Beeby 
Thompson and Partners, where his great organizing, scientific and com
mercial abilities found full scope in directing and supervising topographical 
and geological surveys connected with petroleum and water projects. 
Romanes was closely identified with oil exploration in Trinidad, Barbados, 
Germany, Portugal, Irak and Syria, and amongst his various foreign excur
sions was one to Iceland and another to Teneriffe. He contributed articles 
to the Encyclopaedia Britannica, and sought by many Press articles to 
attract public interest in the London Water Supply by proposals to re
charge the depleted London Basin with water from the Thames at times of 
flood.

# Romanes had served on the Councils of the Geological Society and 
Institute of Petroleum, and he was very actively associated with the Mining 
Club. He was a gifted and lucid speaker and writer, and in debate he was 
blunt and forceful, but always willing to concede a point which merited 
respect. His great charm of manner and fund of dry humour attracted 
many friends, and at West Byfleet his ready willingness to help in any social 
or patriotic movement led him to take a keen interest in golf and to initiate 
the Home Guard movement in his district.

A. B. T.
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760.* Drilling in United States Levelling Off at Reduced Rate. A n o n . Oil Wkly,
11.5.42, 105 (10 ), 33.— T h e  d a ily  averag e  ra te  o f w e ll com p letions in  A p r il w as o n ly  
s lig h tly  b elo w  th e  M a rch  ra te , an d  n e a rly  as m an y  w e lls  w ere  d rillin g  o r rig g in g  on 
1st M a y  as on  1st A p r il. 1366 w e lls  w ere  com p leted  in  th e  fo u r w eeks ended 25th  
A p r il, 1942, a  d a ily  ave rag e  o f 48-8, com pared  w ith  50-2 fo r M arch .

N o rth  L o u is ia n a , M ississip p i, N e w  M ex ico , W e s t T exas, th e  T ex as Pa n h a n d le , 
N e w  Y o rk , P e n n sy lv a n ia , an d  W e s t V irg in ia  h a ve  had  m ore co m p letions d u rin g  the  
firs t fo u r m onths o f 1942 th a n  d u rin g  th e  co rrespond ing  p erio d  o f 1941. 1999 w e lls
w ere  d rillin g  on  1st M a y , 1942.

D a ta  are  ta b u la te d  b y  S ta te s  an d  d is tric ts  co ncern ing  th e  d rillin g  a c t iv ity  in  A p r il 
1941, M a rch  an d  A p r il 1942, th e  cu m u la tive  com p letions d u rin g  th e  firs t fo u r m onths 
o f 1942, an d  th e  a c t iv ity  on 1st M a y , 1941, and  1st A p r il an d  1st M a y , 1942.

G . D . H .

761.* Florida Leasing Activities Showing Increase. J .  O . H e y c k . Oil Wkly, 18.5.42, 
105 (11 ), 41.— M u ch  o f th e  acreage un der lease in  F lo r id a  w as leased  la te  in  1939 and  
e a rly  in  1940. A t  p resen t 3,605,000 acres are  un der lease, an d  th e y  lie  in  fiv e  g enera l 
areas : (1 ) P a n h a n d le  o r W e s t F lo r id a  (948,500 a c re s ); (2 ) w est fla n k  o f O ca la  u p lift 
(780,100 a c re s ); (3 ) east fla n k  o f O ca la  u p lift (180,000 a c re s ); (4 ) south-south-w est 
fla n k  o f O ca la  u p lift (666,400 a c re s ); (5 ) E ve rg la d e s  b asin  (1,030,000 acres).

I )  D
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In  O cto b er 1941 m arin e  leases w ere  g ran ted  a long  th e  w est an d  so u th  coasts of 
F lo r id a , an d  som e 12,000,000 acres h a ve  been ta k e n  up  on eighteen-m onth geophysical 
o p tio n s. G . D . H .

762.* Typical Oil-field Structures ; Complexly Faulted Dome, Eola Field, Avoyelles 
Parish, Louisiana. A n o n . Oil Gas J . ,  21.5.42, 41 (2 ), 50.— T h e  E o la  fie ld  is along 
a  tre n d  associa ted  w ith  w edg ing  sands, b u t it  lie s  som e d istan ce  fro m  th e  o ld  shore
lin e . T h e  beds th ic k e n  to w ard s th e  G u lf, an d  th e  co astw ard s d ip  is b roken  b y  salt 
dom es an d  b y  fa u lte d  dom es n o t d e fin ite ly  kn o w n  to  be associa ted  w ith  sa lt, w h ich  is 
g e n e ra lly  considered  to  be Ju ra s s ic  in  age. T h e  fau lte d  dom es m ay  be due to  com 
p a c tio n  of so ft fo rm atio n s aro u n d  s a lt cores, o r to  ad ju stm en ts in  a  subsid ing  wedge 
w ith o u t b ein g  lo ca lized  b y  sa lt o r o th e r re s is tan t p lugs. .

E o la  is  a  ro u g h ly  o v a l dom e on  a  b road , gen tle  reg io n a l nose on a  seaw ard-dipping 
m o no cline . M o st o f th e  fa u ltin g  can n o t be tra ce d  ab o ve  th e  V ick sb u rg , due to  rapid 
fac ies  changes ren d erin g  co rre la tio n  d ifficu lt. T h e  th ro w  o f th e  fa u lts  decreases 
u p w a rd s . T h e  n o rth e r ly  clo su re  d ies o u t in  th e  C ock fie ld .

T h e  C o ck fie ld  an d  S p a rta  sands c a rry  o il, b u t th e  m a in  p ro d u ctio n  is from  the 
W ilc o x . T h e  d iffe re n t fau lt- b lo ck  segm ents b eh ave  d iffe re n tly  an d  h ave  d ifferent 
bottom -hole p ressures, a lth o u g h  th e  w a ter- le ve l is th e  sam e.

T h e  C o ck fie ld  is  p red o m in an tly  san d y  an d  of near-shore o r lag u n a l o rig in , w ith  
m u ch  carbon aceous m a tte r w h ich  m ay  be th e  source o f th e  o il. T h e  W ilc o x  is a b lack, 
s ilty , lig n itic  sh ale  o f sh a llo w  m arin e  o r lag u n a l o rig in .

T h e  W ilc o x  p ro d u c tio n  is n o t lim ite d  to  th e  up p er p a rt o f th e  fo rm atio n , and as the 
W ilc o x  lo c a lly  is se ve ra l th o u san d  fee t th ic k , th e  p o ss ib ility  o f p ick in g  up  lo ca l shore
lin e  tren d s is v e ry  g rea t. T h e  sam e is tru e  o f th e  S p a rta , C o ck fie ld , and  s till higher 
horizons.

S u rfa ce  an d  su bsu rface  geology are  o f lit t le  va lu e  in  lo ca tin g  these deep-seated, 
co m p lex ly  fa u lte d  dom es. T h e  re fle c tio n  seism ograph w ith  th e  gu idance of regional 
g eo logy is resp onsib le  fo r m ost o f th e  d isco veries m ade so fa r. G . D . H .

763.* Results in South Caesar will Influence Carrizo-Wilcox Play. F . L . Singleton, 
Oil Gas J . ,  21.5.42, 41 (2 ), 70.— T h e  firs t co m m ercia l C arrizo  p rod u ctio n  o f South
w est T ex as has re ce n tly  been fo un d  ju s t so u th  o f th e  o ld  C aesar fie ld . Three wells 
h a ve  re vea led  th e  ex isten ce  o f an  im p o rtan t reserve , an d  a second 50-ft. sand has been 
fo un d . P ro d u c tio n  is  sp read  o ve r a  m ile  in  a  no rth-east—south-w est d irection  on 
an  e lon g ated  s tru ctu re  p a ra lle l to  th e  C aesar fie ld  fa u lt. T h e  d isco ve ry  w ell was
com p leted  a t 6552-6557 ft . fo r 127 b rl./ d a y  o f 4 2 -g ravity  o il on ¿- in . choke.

T h o  second sand , show ing  sa lt w a te r and  a  lit t le  o il in  th e  d isco ve ry  w e ll, is 105 ft.
deeper. I t  w as logged  as ca rry in g  g as- d istilla te  in  a  second w e ll.

T h e  d isco ve ry  w e ll seem s to  be n e a r th e  apex  o f th e  s tru ctu re . D ry  w ells have 
been d rille d  w h ich  ap p ear to  lim it th e  fie ld  to  th e  south-east.

T h e  a rea  w as leased  on th e  basis o f su bsu rface w o rk , checked  b y  geophysics.
T h e  d isco ve ry  has led  to  sp ecia l a tte n tio n  bein g  p a id  to  o th e r o ld  P e ttu s  sand-fields, 

m an y o f w h ich  are  p ra c tic a lly  d ep leted , b u t w h ich  can  be regarded  as favourab le 
p rospects in  th e  lig h t o f re ce n t d eve lopm en ts. D eeper d rillin g  is a lre ad y  under w ay, 
a t T u le ta  an d  W e s t T u le ta . G . D . H .

764.* April Completions Show Small Increase ; Fewer Drilling Wells. A non. Oil 
Gas J . ,  21.5.42, 41 (2 ), 11.— 135 m ore w e lls  w ere  com p leted  in  A p r il th a n  in  M arch , 
b u t th e  increase is p a rtly  due to  W ork in g  on a  w e e k ly  basis an d  m ak in g  A p ril a  five- 
w eek m onth . 2 0 %  of th e  com p letio ns w ere  in  th e  A p p a la ch ian  d is tr ic t, w h ich  had 
4 0 %  of th e  gas-w ells. O h io  and  M ich ig a n  show ed  co n sid erab le  increases in  a c tiv ity , 
w ith  Illin o is  an d  In d ia n a  s lig h tly  ah ead  o f M a rch . Illin o is  com p letions w ere only 
2 2 %  o f th e  num b er fo r Sep tem b er 1941, an d  O k lah o m a an d  K a n sa s  had  o n ly  5 0 %  
an d  6 0 %  re sp e c tive ly  o f th e  a c t iv ity  a t th e  co rresp ond ing  tim e.

T h e  num bers o f com p le tio ns in  A p r il an d  typ e s  a re  ta b u la te d  b y  S ta te s  an d  d istricts, 
w ith  th e  foo tage, an d  th e  num bers o f w e lls  in  ce rta in  d ep th  ranges. G . D . H .

765.* Location made in South Dakota for Test to Pre-Cambrian. A n o n . Oil Gas J .,
21.5.42, 41 (2 ), 89.— N e a rly  5,000,000 acres are  rep o rted  to  be u n d er o il an d  gas lease
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in  So u th  D ak o ta . T h e  firs t deep te s t in  H u gh es C o u n ty  is to  be d rille d  to  th e  pre- 
C am brian , w h ich  is estim ated  to  be n o t m ore th a n  4500 ft . deep. I t  is on  a  30,000- 
acre lease on a  m ag n etic h ig h . A  te s t on  th e  o th e r side o f th e  M isso u ri h ad  o il show ings 
in  th e  you ng er fo rm atio n s. T ests  d rille d  to  th e  n o rth  an d  east fo un d  stro ng  a rte s ian  
flow s in  th e  D a k o ta  an d  Su n d an ce  series. O ne fo un d  m u ch  gas in  th e  D a k o ta . L it t le  
in fo rm atio n  has becom e a v a ila b le  on  th ree  o il te sts  u n d ertaken  in  So u th  D a k o ta  
last ye a r. G . D . H .

766.* Illinois Production Trend may be Reversed. H . F . S im ons. Oil O a s J . ,  18.6.42, 
41 (6), 16.— T h e  Illin o is  d a ily  p ro d u ctio n  o f o il in  M a y  w as 281,000 b rl., com pared  
w ith  287,000 b rl. in  A p r il, b u t it  is fe lt th a t th e  d ow n w ard  tre n d  m ay  end  a fte r M a y , 
as has happened  in  p rev io u s  ye a rs . T h e  d ow n w ard  tre n d  m a y  be stopped  b y  new  
d iscoveries o r extensions, b y  m ulti-zone p ro d u ctio n  tech n iq u e , o r b y  a  w ell-p lann ed  
deepening cam paign .

D u rin g  M a y  th e re  w as evid en ce  o f an  increase in  w ild e a ttin g . In  num erous cases 
there are p o ss ib ilitie s  o f tw o-zone p ro d u ctio n , b u t n o t m an y  pools seem  favo u rab le  
fo r deepening.

Seco nd ary re co ve ry  p rogram m es are  becom ing com m oner in  Illin o is . R ep ressu rin g  
and w ater-flood ing  a re  being  em p loyed .

Tab les show  th e  n ew  fie ld  d isco veries an d  extensions in  Illin o is  up  to  9 th  Ju n e , 
1942, w ith  th e  lo ca tio n , d ep th , p rod ucin g  fo rm atio n , in it ia l p ro d u ctio n , an d  num b er 
of w ells ; th e  nu m b er o f p e rm its  fo r w ild ca ts  an d  p oo l w e lls  issued  each  m o n th  since 
O ctober 1941 ; an d  th e  co m p le tio ns b y  poo ls an d  fo rm atio n s so fa r  th is  y e a r.

G . D . H .

767.* Kansas Wildcat Campaign Keeps Near Proven Areas. A n o n . Oil O a sJ.,  18.6.42, 
41 (6), 66.— F ifte e n  n ew  p ro d u cin g  areas an d  n ew  o il ho rizons h a ve  been  d isco vered  
in  K an sas d u rin g  th e  firs t h a lf o f 1942. O n ly  one d isco ve ry  w as o ve r 3 m l. fro m  a 
developed area . O n  th e  no rth -w estern  ex ten sion  o f th e  C e n tra l K a n sa s  U p lif t  no 
discoveries h a ve  been m ade n o rth  o f th e  R a y  poo l. W ild e a ttin g  d eclin ed  5 0 %  in  
the firs t h a lf o f 1942 an d  th e  p ercen tag e o f d ry  ho les w as doub led .

A  gas d isco ve ry  w as m ade in  B a rb e r C o u n ty, w h ere  tw o  new  oil-zones w ere  found  
in  old poo ls. A  n ew  B u rb a n k  sand-pool w as found  in  C o w ley  C o u n ty  an d  a  M issis- 
sipp ian p oo l in  M a rio n  C o u n ty . T h e  find s ran g ed  fro m  th e  P e n n sy lv a n ia n  to  th e  
Cam brian in  age.

The B a rb e r C o u n ty  gas d isco ve ry  w as in  th e  V io la , b u t th e  w e ll also  show ed o il 
sa tu ratio n  in  th e  base o f th e  Lan s in g , to p  o f th e  M ississip p ian , V io la , an d  S im p son . 
A  series o f iso la te d  d eve lo pm en ts a re  ra p id ly  m erg ing  in to  a  sing le s tra tig rap h ie  tra p  
accu m u lation  on  th e  south-east fla n k  o f th e  C e n tra l K a n sa s  U p lift . Sch w e ize r is th e  
m ost n o rth e rly  o f fiv e  p rod u cin g  lo c a litie s  on th e  Pe ace  C reek  tren d , an d  w as d isco vered  
in  F e b ru a ry . T h e  Sm yre s  p oo l p roduces fro m  th e  M ississip p ian  ch a t. T h e  R a y  
pool has been ex ten ded  w estw ard  in  th e  R e ag an  sand. A t  L in d sb o rg , w h ich  has also  
been extended, th e  V io la  y ie ld s  o il.

There  are  a  series o f no rth -east to  south-w est tren d s sou th  o f th e  C e n tra l K a n sa s  
U p lift, and  a  m a jo r tre n d  p a ra lle l to  th e  m a in  h ig h  fro m  Z e n ith  no rth-w est, an d  an o th er 
p a ra lle l tren d  is d eve lo p in g  fro m  Cu n n ingham  a t le ast in to  Pa w n ee  C o u n ty . H o w 
ever, m an y  o f th e  poo ls on th e  su b s id ia ry  tren d s w ere  abandoned  o r had  sm all q u an titie s  
of gas an d  w ere  n o t deve loped  b eyo n d  th e  tw o -w ell stage.

A  m ap show s th e  o il an d  gas d isco ve ries in  K a n sa s  d u rin g  th e  firs t h a lf o f 1942.
G . D . H .

768.* May Completions Hold Steady at Rate of 45 Daily. A n o n . Oil Gas J ., 18.6.42, 
41 (6 ), 84.— 1421 w e lls  w ere  com p leted  in  U .S .A . in  M a y , 846 being  o il-w ells. D u rin g  
M a y  1941 2669 w e lls  w ere  com p leted , 1879 being  o il-w ells an d  554 d ry . T h e  in d ica tio n s  
o f M a y  1942 are  th a t w ild e a ttin g  is  s t ill re la t iv e ly  n ea r th e  1941 le ve l, b u t th a t th e  
40-acre spacing  fo r o il-w ells an d  th e  160-acre spacing  fo r gas-w ells h a ve  g re a tly  c u r
ta ile d  d eve lo p m en ta l d rillin g .

T here  w ere th irty - s ix  m ore co m p le tio ns in  Illin o is  in  M a y  th a n  in  A p r il, an d  th irty -  
tw o  less in  K a n sa s . T h e re  w as lit t le  change in  th e  o th e r S ta te s . T h e  n ew  P a lu x y  
d isco very in  E a s t  T exas an d  th e  T usca lo osa  fin d  in  E a s t  C e n tra l L o u is ia n a  w ill p ro b ab ly  
increase w ild e a ttin g  in  those secto rs.

D D 2
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T h e  M a y  operations are sum m arized  b y  S ta te s  an d  d is tric ts  w ith  th e  num ber of 
com p letions, o il, gas, o r d ry , th e  num bers in  ce rta in  d ep th  ranges, th e  foo tage d rilled , 
and  th e  num ber of w e lls  d rillin g . G . D . H .

769.* Pressing Development Work in Alberta. A n o n . Oil Wkly, 29.6.42, 106 (4), 
46.— A reas n o t y e t developed  a long  th e  20-m l. p ro ve n  len g th  o f th e  T u rn e r V a lle y  
o il-field  are  being  in te n s iv e ly  d rille d . E ffo rts  a re  being  m ade to  ex ten d  th e  field  
both  n o rth  and  south . In  th e  n o rth e rly  ex ten sion  a  w e ll has been d rille d  in to  the 
upper and  lo w er porous p rod ucin g  zones o f th e  M ad iso n . T h is  w e ll is on the  east 
flan k  of th e  stru ctu re .

O utside T u rn e r V a lle y  th e  m a in  co n trib u tio n  to  in creased  p ro d u ctio n  has been 
from  V e rm ilio n , w here th e re  are  s ix teen  p rod ucin g  w e lls . G . D . H .

770.* Discoveries in Los Angeles Basin Fail to Maintain Reserves. L. P . Stockm an. 
Oil Gas J ., 2.7.42. 41 (8 ). 54.— T h e  L o s  A ngeles B a s in  had  p rod uced  2,834,508,909 brl. 
o f o il up to  th e  end o f M a y  1942. A ll b u t a  v e ry  sm all p ro p o rtio n  o f th e  p roduction 
has been ob ta in ed  from  th e  R e p e tto  (L . P lio c .) an d  th e  P u e n te  (U . M io c .), except at 
Lo ng  B e ach , Ing lew o od , an d  Po tre ro , w h ere  th e  P ic o  (U . P lio c .) is p ro d u ctive . The 
basin  has fo u r s tru c tu ra l tren d s p a ra lle l to  th e  co ast, an d  each  tre n d  has several 
fie ld s. These trend s are  th e  B e v e rly - N e w p o rt lin e  o f sh earing , th e  P la y a  del R e y-  
W ilm in g to n  tren d , th e  B rea- O lin d a-M o n teb e llo  tre n d , an d  th e  C o yo te  H ills  up lift. 
The  Lo s A ngeles B a s in  resem bles th e  S an  Jo a q u in  V a lle y  in  h a v in g  m an y  fields on 
the  rim  of the  b asin , accu m u lation s fo llo w in g  w ell-defined  lin es o f fo ld in g  and  fau lting , 
and  general s tru c tu ra l tren d s ru n n in g  no rth-w est to  south-east.

In  th e  la s t te n  ye a rs  d isco veries in  th e  L o s  A ng eles B a s in  h a ve  been few  and far 
betw een , W ilm in g to n  being  th e  o n ly  m a jo r d isco ve ry . D eep  d rillin g  revea led  add itional 
zones a t M on tebello  and  extended  D om inguez w estw ard s in  1939. In  1940 the 
M iocene Sen tous zone w as found  to  be h ig h ly  p ro d u c tive  a t In g lew o o d , b u t the  slow 
developm ent has p reven ted  its  assum ing im p o rtan ce . T u rn b u ll C an yo n , discovered 
in  1941, is o n ly  o f secon dary im p o rtan ce . T h e  s tru c tu re  is a  p lu n g in g , fau lted  nose 
cu t o ff b y  a  fa u lt, w ith  o il a t ab o u t 3500 ft ., p ro b ab ly  fro m  th e  Sycam o re  Canyon 
sand (U . M io c .).

T h is  y e a r o il has been found  a t B u e n a  P a rk  a t ab o u t 8900 ft . I t  is b elieved  to be 
on a  north-w esterly-p lung ing  nose, an d  m ay  be fro m  th e  e q u iva le n t o f th e  B e ll zone 
(P lio c .).

U n less a new  lin e  o f fo ld in g  is d isco vered  it  seem s u n lik e ly  th a t m an y  m ajo r dis
coveries w ill be m ade. R e c e n tly  th e re  h as been a  ten d en cy  to  exp lo re  th e  rim  of the 
basin , and  in  th e  east, w h ere  o n ly  re la tiv e ly  sh a llo w  d rillin g  is necessary, previous 
w ork  has show n h e a vy  o il w ith  d o u b tfu l co m m ercia l p o ss ib ilitie s .

T he area b etw een  E l  Segundo an d  P la y a  d e l R e y  is to  be tested , an d  deep sand 
p rod uction  m ay be sought in  th e  o ld  S a lt  L a k e  fie ld . M a n y  b e lie ve  th a t deep pays 
ex ist in  the  o ld  Lo s A ngeles C ity  fie ld . O n ly  one w e ll has been com p leted  a t Yorba 
L in d a . T h is  g ave  766 b rl. o f o il an d  276,000 cu . f t . o f gas/day fro m  a  d ep th  of about 
2300 ft. A  deep te st is being  d rille d  a t W e s t C o yo te .

T he Lo s A ngeles B a s in  fie ld s are  lis te d  w ith  th e  d isco ve ry  d a te , nu m b er o f producing 
w ells, cu m u la tive  p ro d u ctio n  up  to  th e  end  o f 1941, ty p e  o f s tru ctu re , depth, o il 
g ra v ity , and  average  p ay  th ickness. G . D . H .

771.* South Kansas Discoveries Open Shallow Pennsylvanian Trend. A non . Oil
Gas J . ,  9.7.42, 41 (9 ), 56.— T h e  d isco ve ry  o f L a n s in g - K an sas  C ity  lim e  p rod uction  in 
the  L a k e  C ity  fie ld  p roves a  new  tren d  ru n n in g  fro m  Su n  C ity  in  th e  north-w est to 
M ed icine Lodge in  th e  south-east, a  d istan ce  o f som e 20 m l. T h e  new  Pen n sy lvan ian  
d isco very a t L a k e  C ity  w as in  an  o ld  w e ll p lugged  b ack  fro m  th e  A rb u ck le . Su n  C ity , 
10 m l. to  the  north-w est, also p roduces from  th e  P e n n sy lv a n ia n , th e  d isco ve ry  w ell 
again  h av in g  been p lugged b ack  fro m  th e  A rb u ck le .

The  th ird  Pe n n sy lva n ia n  sand  d isco ve ry  w e ll on th is  new  tre n d  is  1  m l. south of 
th e  W h e la n  M ississip p ian  ch a t poo l. T h is  w as com p leted  in  th e  E lg in  sandstone 
w ith  an  in it ia l p o te n tia l o f 3,900,000 cu . ft. o f gas/day.

A  tab le  sum m arizes th e  g eo log ical d a ta  fo r th e  th ree  P e n n sy lv a n ia n  d iscovery 
w ells in  no rth ern  B a rb e r C o u n ty, K a n sa s , an d  a  m ap  show s th e  p o sitio n s of th e  w ells.

G . D . H .
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Geophysics and Geochemistry.
772.* Resistivity Method oi Locating Oil and Gas Pays. J .  L .  H a rp e r. Oil Gas
11.6.42, 41 (5 ), 64.— E le c tr ic a l re s is t iv ity  ex p lo ra tio n  has been ca rried  o u t in  and  
near o il-fields in  va rio u s  p a rts  o f th e  U .S .A . an d  C an ad a, th e  areas exam ined  in c lu d in g  
jo cks o f m ost ages fro m  T e r t ia ry  to  th e  C am b rian . B o th  a lte rn a tin g  an d  d ire c t 
cu rren t w ere used, b eing  su p p lied  b y  a  g enerato r o r b a tte rie s  re sp e c tive ly . T h e  best 
resu lts w ere o b ta in ed  w ith  d ire c t cu rre n t.

T he fie ld  p rocedu re is b rie fly  d escribed , and  a  sh o rt acco u n t is g iven  o f th e  resu lts 
of some o f th e  in ve stig a tio n s .

U n d er averag e  fie ld  co n d itio n s 150-250 ft . in  d ep th  p en e tra tio n  can  be done in  an  
hour a fte r th e  s ta tio n  is set u p , an d  th ree  to  fiv e  s ta tio n s can  be occup ied  in  a  d ay . 
D epths of o ve r 7800 ft . h a ve  been exam ined , an d  o il an d  gas can  be lo ca ted  from  the  
surface before d rillin g , th e  d ep th  o f th e  accu m u la tio n  being  in d ica te d  q u ite  a ccu ra te ly . 
H o w ever, it  is n o t kn o w n  w h e th e r o r n o t th is  can  be done un der a ll geo log ica l con d ition s.

G . D . H .

Polymerization and Alkylation.
773.* Economics of the Alkylation Process in the Production of High Octane Gasoline.
R . G . L o v e ll. Petrol. Engr, M a rch  1942, 13 (6 ), 27.-— W h e n  p lan n in g  th e  in s ta lla tio n  
of an  a lk y la tio n  p la n t a  su rve y  o f th e  a v a ila b ility  o f b u ty len es an d  isobu tano  in  p la n t 
products m ust firs t be m ade. C o n sid era tio n  m u st th en  be g iven  to  th e  la rg est am oun t 
of b u tylenes w h ich  can  be eco n o m ica lly  segregated  fo r a lk y la tio n  purposes, as th is  
w ill determ ine th e  size o f th e  p la n t to  be in s ta lle d . T h e  su rve y in g  m ethod  is illu s tra te d  
by considering  h y p o th e tic a l o u tp u ts  an d  an a lyses o f cracked  gases, p ressure d is tilla te , 
and stra ig h t- run  g aso lin e  fro m  a  co n ve n tio n a l re fin e ry  o p eratin g  p rim a ry  d is tilla tio n  
and crack in g  p la n ts  an d  equ ipp ed  w ith  vap o u r- reco very  system s. T h e  a v a ila b ility  
of b utylenes w ill depend  on  such p la n t fa c to rs  as d ep th  o f crack in g , vap o u r p ressure 
of stab ilized  p ressure d is tilla te , b len d in g  ag en t em p loyed , e tc. T h e  q u an titie s  o f iso- 
butane a va ila b le  fro m  vap o u r- reco ve ry  system s, s ta b iliz a tio n  o f th e  stra ig h t- ru n  
gasoline an d  o f p ressure d is tilla te , shou ld  n ex t be asce rta in ed . I f  these q u an titie s  
are insu fficien t to  b a lan ce  th e  b u ty len es a va ila b le , th e  suggestion is  m ade th a t a  n a tu ra l 
gasoline o f 26-27 lb . R e id  va p o u r p ressure be o b ta in ed , stab iliz ed  in  th e  p la n t to  
about 14 lb . v a p o u r p ressure , an d  th e  a d d itio n a l iso bu tane  req u ired  ex tra cte d  fro m  
the o verhead  p ro d u ct in  a  d ep ro pan izer-deb u tan izer u n it. B y  ta k in g  a  n ap h th a  
cu t on p rim a ry  d is tilla tio n  in  a d d itio n  to  th e  gaso line an d  b len d ing  th e  m ix tu re  w ith  
the stab iliz ed  n a tu ra l g aso line , an  in crease  in  th e  am o un t o f s tra ig h t- ru n  gaso line 
base stock  fo r p rem ium -grade m o to r fu e l co u ld  also  be o b ta in ed . F lo w  d iag ram s 
of the  va rio u s  u n its  a re  p ro v id ed . R . A . E .

774.* See Supply of Aviation Gasoline Enlarged Through Hydrofluoric Acid Alkylation.
A non. N at. Petrol. News, 29.4.42, 34 (7 ), R . 131.— T h e  new  process is sum m arized  
as one in  w h ich  i.soparaffin  h yd ro carb o n s are  a lk y la te d  w ith  m ono-olefin ic h y d ro 
carbons in  th e  p resence o f liq u id  H F .  I t  is c la im ed  th a t p rop ylen es, b u ty len es , and  
pen tylenes m a y  be a lk y la te d  e ith e r s in g ly  o r to g e th er, th u s  m ak in g  p ossib le th e  use 
of v e ry  la rg e  q u a n titie s  o f cracked  gases. T h e  re a c tio n  takes p lace  in  th e  liq u id  
phase, and  since liq u id  H F  b o ils  a t 20 ° C ., tem p era tu re  m u st be k e p t b elow  20 ° C . a t 
atm ospheric p ressure. In  th e  b a tch  process described  liq u id  iso bu tane  an d  liq u id  
H F  are in tro d u ced  se p a ra te ly  in to  a  lin e  an d  m ixed  b y  ch arg ing  th ro u g h  a  pum p, 
the  b u ty len e , o r b u ty le n e  an d  iso b u tan e , th e n  b eing  ad m itte d  to  th e  lin e . T h e  
m ix tu re  passes to  a  co o ler* w h ere  th e  reac tio n s p roceed , an d  th e n  to  a  se ttlin g  tan k . 
The h yd ro carb o ns a re  fra c tio n a te d , u n co n verted  m a te ria l b eing  reco vered  overhead . 
A lk y l fluo rides, p rod uced  as side reactio n s , a re  decom posed in  co n ta ct w ith  g ran u la r 
N a F  o r H F , th e  reco vered  h yd ro ca rb o n  being  re cyc led . H . G .

775. Patents on Polymerization and Alkylation. A n g lo - Iran ian  O il Co. E.P .
546,037, 24.6.42. A p p l. 23.12.40. In  a  process fo r th e  p o lym e riz a tio n  o f o le fin s fo r 
the p ro d u ctio n  o f m o to r s p ir it a  so lid  p ho sph o ric a c id  c a ta ly s t is used, com posed of 
erf/iophosphoric a c id , cop per orthophosphate, an d  ca lc iu m  o rifw p hosph ate . T h e  ra tio
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o f oW /iophosphoric a c id  to  th e  copper orifiophosphate an d  ca lc iu m  ori/iophosphate is 
h ig h e r th a n  th e  ra tio  4 : 1 : 1 ,  b u t n o t su b s ta n tia lly  h ig h er th a n  th e  ra tio  8 : 1 : 1 .

H . W o lth a n . U .S .P . 2,281,613, 5.5.42. A p p l. 13.3.41.— P o lym e riz a tio n  of a 
m a te ria l se lected  fro m  th e  g roup  co n sistin g  o f b u tad ien e— 1-3 h yd ro carb o ns and 
m ix tu res o f b u tad ien e— 1-3 h yd ro carb o n s w ith  co p o lym erizab le  com pounds having  
a  sing le  C -C  doub le lin k ag e  in  aqueous em u lsion  in  th e  p resence o f m ercaptana 
h a v in g  a t le ast 6 ca rb o n  atom s in  a lip h a tic  lin k ag e .

C . N . K im b e rlin . U .S .P . 2,281,979, 5.5.42. A p p l. 21.10.39. Pro cess fo r the 
re m o va l o f o ver-p o lym erized  co n stitu e n ts  fro m  p o lym erized  o ils  b y  tre a tin g  w ith  a 
m ix tu re  o f low -b o iling  p etro leu m  h yd ro carb o n s an d  a  lig h t o il b o ilin g  in  th e  lu b rica tin g  
range.

K .  S m e yk a l an d  K .  R . L e u n a . U .S .P . 2,282,499, 12.5.42. A p p l. 1.9.38. Im- 
p ro ved  m ethod  o f d ep o lym eriz in g  p o lym ers o f low -bo iling  o lefin s b y  p assing  them  at 
an  e le va te d  tem p era tu re  o ve r a  su rface- active  c la y  c a ta ly s t in  w h ich  th e  c la y  itself 
is th e  e ffe ctive  c a ta ly tic  com p onent. D e p o lym e riz a tio n  is e ffected  in  th e  presence 
o f an  ap p rec iab le  am o un t o f steam , w h ich  o perates on  th e  c la y  its e lf to  m a in ta in  the 
c a ta ly tic  a c t iv it y  th e reo f. H . B . M .

Drilling.
776.* Drill Stem on Rotary Rig Cleaned with Steam. A n o n . Petrol. Engr, Ju n e  
1942, 13 (9 ), 44 .— T h e  p ip e  in  th e  rat-ho le  is b e lled  a t th e  to p  an d  steam  is connected 
to  it . W h e n  th e  d rill-stem  is ru n  in to  th e  rat-ho le  a t th e  b eg inn ing  o f a  trip  out of 
th e  ho le , o r w h en  w a itin g  to  set in  an o th e r jo in t o f d rill-p ip e , it  is steam -cleaned as 
it  is  ru n  in  to  rem ove d rillin g  m ud , o ld  lu b ric a n t, e tc . P a r t  o f th e  w aste  cleaned 
fro m  th e  d rill-stem  an d  m ud  fro m  th e  ro ta ry  hose d ra in  d ow n  in to  th e  rat-hole pipe, 
an d  p a rt d ra in s o ff to  th e  side b en eath  th e  ro ta ry  flo o r th ro u g h  a  num ber of holes 
ab o u t 2 in . in  d iam ete r cu t w ith  a  to rch . W h e n  th e  rat-ho le  fills  to  th e  surface of 
th e  g round  it  o ve rflo w s on  to  th e  g roun d  th ro u g h  th e  2-in. ho les. A . H . N .

Transport and Storage.
777.* Reducing Internal Corrosion of Gasoline Pipe-Lines. W . A . Sch u lze, L . C. 
M o rris , and  R . C . A ld e n . Oil Oas J ., 6.11.41, 40 (26 ), 172.— A lth o u g h  som e 12,000 
m iles o f gaso line p ipe-line is in  ex isten ce in  th e  U .S .A ., m ost is o f re cen t construction, 
an d  o n ly  th irte e n  com pan ies o p erate  lin es of m ore th a n  200 m iles in  len g th . Methods 
adopted  b y  them  fo r co m b ating  in te rn a l co rro sio n  o f th e  lin e  a re  ta b u la te d . Apart 
fro m  p rocedu re designed  to  reduce th e  q u an titie s  o f a ir  an d  w a te r e n tra in ed  and the 
use o f scrapers, th ree  m ethods u tiliz e d  a re  : (a) re m o va l o f oxyg en  b y  m eans o f sodium 
su lp h ite , (6) rem o va l o f w a te r b y  d eh yd ra tio n  o f g aso lin e , (c) use o f m ercaptobenzo- 
th iazo le  (R o k o n ) d isso lved  in  th e  gaso line as co rro sio n  in h ib ito r.

O ne com p any p re v io u s ly  using  sodium  su lp h ite  has n o w  d isco n tin u ed  th e  p ractice, 
an d  an o th er, w h ils t s t ill in je c tin g , rep o rts  lit t le  tan g ib le  p roo f o f th e  va lu e  of the 
ad d itio n . O ne com pany w h ich  reduces th e  m o istu re  co n ten t o f p ro d u cts pum ped 
b y  4 0 /5 0%  b y  m eans o f b au x ite  has found  th e  process b en e fic ia l, b u t it  is pointed 
o u t th a t a  d isad van tag e  m ay  a rise  due to  in tro d u ctio n  o f w a te r in to  th e  lin e  during 
m ain ten ance and  re te n tio n  o f w a te r in  sections o f lin e  in  h illy  co u n try .

T h e  experiences o f 2 y e a rs ’ o p e ra tio n  w ith  in h ib ito r added  to  g aso line a t two 
pum ping  sta tio n s on  a  long  lin e  are  reco rd ed . O b se rva tio n s w ere  m ade on test-bars 
w eigh ing  500 gm . p rep ared  from  th e  sam e stee l as th e  lin e , an d  in se rted  in  the  line 
a t d istances up  to  100  m iles from  th e  in je c tin g  sta tio n s, an d  co m p a ra tive  observations 
w ere m ade on a  section  o f th e  lin e  m ore d is ta n t fro m  th e  in le t end  an d  w here no 
in h ib ito r w as in je cted . T h e  re su lts  show  v e ry  lit t le  co rro sio n  o f b ars  u p  to  100 m iles 
from  th e  in je c tio n  p o in t, b u t in creasing  w ith  d istan ce  fro m  th a t p o in t in  th e  case of 
in h ib ite d  gaso line. B a rs  in  th e  u n in h ib ite d  sectio n  show ed  ra th e r severe  corrosion. 
Losses in  w e ig h t o f b ars a fte r scale re m o va l expressed  as p ercen tag e  p e r annum  were 
n il from  an  in h ib ite d  sectio n  an d  2-2-5 fo r u n in h ib ite d  sectio ns. M easurem ent of 
ru st and  scale from  sed im ent trap s  on  th e  in ta k e  side o f p um p in g  sta tio n s  o ve r a  period 
o f 6 m onths y ie ld ed  com p arab le  resu lts , a lth o u g h  d ifferen ces in  scrap er usage and
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flow rates may have contributed somewhat to differences in scale removal in various 
sections of the line. Examination of a small number of pipe-sections removed tends 
to confirm the value of the inhibitor, and so a third inhibiting station is shortly to 
be installed. Since the life-period of the inhibitor will vary with the type of gasoline 
pumped, careful control is necessary to decide the length of line which one station 
may protect. Intermittent injection may produce the desired effect, but further 
research on these problems is required. Another company using the process on a 
50-mile section of 6 -inch pipe-line found that it gave increased line capacity with 
reduced scraper usage, but that the cost of the inhibitor plus injection expenses did 
not justify its use. The economics of inhibitor usage are discussed. R . A. E .

778.* Method of Determining Pipe-Line Corrosivity Due to Soils. Paul F . Marx. 
Petrol. E ngr, Feb. 1942,13 (5), 29.—The theories of a variety of authors are discussed 
and the principles of J .  F . Putman are used to derive a fundamental equation con
necting corrosivity with the specific resistance of the soil.

An instrument (of which a photograph is given, but which is not described) has been 
developed to establish the degree of corrosion and to predict pipe-life. Correlation 
of results given by the instrument and by U.S. Bureau of Standards pipe specimens 
shows that it should have practical use in construction and reclamation programmes.

A variety of data obtained with different soils, etc., are given in graphic form.
J .  C.

779.* A Practical Application of Zinc Anode Protection to an 18-in. Pipe-Line. C. L.
Brockschmidt. Petrol. E ngr, Feb. 1942, 13 (5), 74.—A detailed description, with 
many graphs, of a successful protective installation to a pipe-line in highly corrosive 
river-bottom land. Seven years after laying, the pipe-line began to spring leaks with 
increasing frequency and zinc anodes were finally installed.

Data obtained are given in the form of curves showing (a) soil-resistivity profile 
of terrain, with data bearing on the corrosion problem, (b) and (c) pipe/soil potential 
profiles for a  series of six surveys made over a period of 830 days from the time zinc 
was connected, (d) current output of each cell of ten anodes, (e) and (g) zinc/soil 
potential, (/) open-circuit voltage zinc/pipe. Much of the data is also tabulated.

A few general suggestions are made for improvement in future installations.
J .  C.

780. Practical Methods for Storing Volatile Liquids. D. E . Larson. N a t. Petrol. 
News, 1.4.42, 34 (13), R . 105.—The subject is discussed principally from the point 
of view of the minimizing of losses which are discussed under different headings. 
Sundry charts, which are reproduced, permit losses to be calculated and facilitate the 
choice of the most suitable type of storage. A means of assessing storage costs is 
also given. The classes of service to which the basic types of storage are best suited 
are : 1 . Atmospheric tanks with fixed roofs and conservation valves for fuel oil, 
kerosine, low-volatility products. 2a. Breather roofs for gasoline in tanks that 
remain full or nearly full. 26. Balloon roofs of large volume for gasolines in slow- 
working tanks. 3. Floating roofs for gasolines in tanks that work either continuously 
or intermittently. These roofs offer maximum fire production. 4. Pressure tanks 
are the only practical means of storing natural gasoline and similar light products.
5. Underground storage is so expensive as to be justified only on the grounds of
national security or because of city regulations. H. G.

781.* Savings from Painting of Gasoline Storage Tanks. Anon. Oil Gas J . ,  16.4.42,
40 (49), 51.—Tests conducted in the New York City area over an entire summer
period on tanks filled with regular grade gasoline and having standard gooseneck con
nection showed the following losses expressed as percentage by weight: painted black, 
9-2%; unpainted (average), 8-4% ; painted aluminium, 7-28%; painted white, 
5-60% ; sunshaded, 5-18%. In the case of a 1000-brl. tank, it is estimated that the 
cost of labour and material for painting the whole tank white would be paid out in 
one and a half summers by the value of the gasoline saved, assuming the white paint 
has no effect on evaporation losses in winter months. Painting the roof only would 
be paid out in just over half a summer on a similar basis. R . A. E .
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Crude Petro leum .
782.* Viscosity of Crude-Oil Emulsions. Wm. Woelflin. Oil Gas J . ,  19.3.42, 40 (45),
3 5  Viscosity determinations were made mainly on brine-in-oil emulsions of both
small and large particle size. The apparatus consisted of a reservoir with a paddle- 
stirrer from which a uniform mixture flowed to a funnel, the rate of flow being adjusted 
to keep the funnel constantly overflowing. The time of efflux of 100 ml. of sample 
was measured. Results were correlated with Saybolt Universal seconds by means 
of determinations with transformer oil, glycerine, and various crude oils, using the
A.S.T.M. viscosity-temperature chart to convert observed viscosities to the same 
temperature. There is a straight-line relationship between Saybolt and funnel 
viscosity. Results are expressed in terms of “  viscosity ratio ” —i.e., the ratio of 
the viscosity of the emulsion at any temperature to the viscosity of the clean oil at 
the same temperature.

Using artificially made emulsions, the effects of particle size and of brine content 
were determined, and are shown by means of curves. The effect of particle size 
becomes of importance only at over 30% concentration. With increasing brine 
content viscosity gradually increases to about 40% brine, then abruptly to about 
70-80%, at which stage there is generally a phase inversion to brine as the external 
phase and brine-in-oil emulsion as the internal phase, causing a drop in viscosity to 
just above that of 100% brine. Near inversion point the viscosity is very high, and 
the emulsion at this point, especially if the brine is finely divided, can be considered 
as a plastic solid. The conclusion of practical importance is that crudes should be 
pumped at low brine content or at extremely high brine content, although the latter 
case will involve pumping a very large volume of fluid.

A few experiments carried out on temperature effect showed the viscosity ratio
for a given brine content to be independent of temperature. J .  C.

G as.
783. The Thermal Properties of a Wet Gas. G. G. Brown and F . Kurata. Petrol. 
Engr, Dec. 1941, 13 (3), 23.—Enthalpy-entropy and temperature-entropy diagrams 
for wet gases, such as condensate, are presented, together with examples of the calcula
tions necessary for their construction. The diagrams can be used for accurate calcula
tions involving thermal properties—e.g., the computation of the drop in temperature 
accompanying a free expansion. J .  C.

784.* Eliminating Hydrate Formation in S. Texas. F . H. Dotterweich. Petrol. 
Engr, March 1942, 13 (6 ), 83.—Production of high-pressure natural gas in S. Texas 
producing areas is being accompanied by many problems relating to hydrate formation. 
The conditions existing, however, do not warrant the installation of dehumidifying 
plants in gathering lines, transmission systems or cycling plant operations. In most
cases hydrate formation is induced only at infrequent short intervals, and heaters and 
heat interchangers are being employed. The work of Deaton and Frost is of great 
assistance in the design and operation of such equipment, and illustrations of the 
application of their data are given. In the removal of condensate in cycling plants 
three general methods are being used : (1) high-pressure oil absorption, (2 ) extreme 
cooling and separation with or without dehydration, (3) moderate cooling and separa
tion. Application and operation of heaters and heat interchangers to permit satis
factory condensate removal and avoidance of hydrate formation are described. 
Insulation of the entire conditioning equipment to eliminate effects of variations in 
temperature and atmospheric conditions has been found to be of great value in a 
plant of the third type employing low-pressure oil absorption. The method employed 
in this plant for dealing with gases of varying character from different producing 
wells is also described. R. A. E.

C rack in g.
785.* True Vapour Phase Process in Advanced Stage of Commercial Application.
Anon. World Petrol., 1941, Ahn. Ref. Issue, 12 (11), 76.—In the T.V.P. process 
excessive gas formation is avoided by using as the heat medium for the vaporized
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cracking stock a recirculated highly heated gas stream. A T.V.P. reforming unit 
recently constructed at Buffalo, N.Y., handles 1400 brl. of heavy and 800 brl. of light 
naphtha per diem, producing 91% of 401° F . E . Pt. gasoline of V.P. 9-3 lb. and O.N. 
75 0. The addition of 1 c.c. of lead increases the O.N. to 82-5. The combined 
vapour-phase thermal cracking and pyrolysis of the recycle gas results in very complex 
reactions, including polymerization, isomerization, dehydrogenation, hydrogenation, 
and alkylation. The total cost of the plant is given as S I00 per barrel of heavy 
naphtha processed, so that the process wquld appeal to small refineries unable to 
afford the high investment costs of modern catalytic and reforming processes. An 
interesting potentiality of the process is the production of butadiene by increasing 
the reaction temperature and reducing the reaction time, treatment of a Pennsylvanian 
gas-oil giving 5 03% of butadiene out of a total yield of 14-94% of C.4 fraction. A 
10,000-brl./day unit would thus produce approximately 25,000 tons per annum of 
butadiene. Aromatics may be produced at lower temperatures and longer reaction 
times, yields of 3-28% and 3-65% of toluene being obtained from E. Texas gas-oil 
and 200/400 111. naphtha, respectively. Details of yields from a semi-commercial unit 
are given, yields of up to 94-5% of gasoline being obtained, while the gases introduced 
show up to 50% conversion to gasoline.

A new T.V.P. cracking process has been worked out to operate on a reduced crude, 
but no operating date is at present available. C. L. G.

786.* Polyform and Gas Reversion Processes. E. R. Smoley and V. O. Bowles. 
Oil Gas J 6.11.41, 40 (26), 143.—In the U.S.A. approximately 100,000 brl. a day of 
naphthas, propane, and butane are processed in polyform and gas reversion plants, 
of which fourteen are in operation and four under construction. A.S.T.M. octane 
ratings of gasolines which can be produced with satisfactory yields from various 
charging stocks are : from straight-run heavy naphthas 76-80, from gas-oils of all 
types 74—76, from reduced crude 70-72, from heavy cracked gasoline 76. Inclusion 
of propanes and butanes from refinery or natural gas sources is advantageous in pro
cessing and provides additional quantities of high octane gasolines; about one-third 
of feed to existing plants consists of C3 and C4 fractions. The spread between A.S.T.M. 
and Research octane ratings of the gasolines produced ranges from 9 to 14 points. 
Aviation fuels meeting Army specifications and having an octane rating up to 91 with 
addition of less than 4 mis. T .E .L . per U.S. gal. can also be prepared. A description 
of the naphtha polyform process with provision for intake of C3 and C4 fractions is 
given, together with flow-sheet diagram. The application of the process to cracking 
of crude oil is illustrated by flow-sheet and described. The plant considered has a 
crude capacity of 22,000  brl. a day and replaces the conventional type of crude topping 
and cracking unit, a thermal polymerization unit, and a gas compression and absorption 
plant. Crude is charged via heat exchangers and a heater convection bank into an 
atmospheric topping tower, and straight-run gasoline is removed from the top. Heavy 
naphtha and kerosine side-streams are withdrawn through stripping-towers, and below 
the kerosine draw-off a straight-run gas-oil fraction is removed. This gas-oil with 
admixture with propanes and butanes is charged directly to the gas-oil polyform 
coil, where 3 4 ^ 5 %  of gasoline per pass is obtained. Heavy reduced crude from the 
bottom of the atmospheric tower is charged hot to the polyform viscosity-breaking 
coil after admixture with a side stream from the heavy tar stripper and propanes and 
butanes. Conversions per pass of 14-16% are obtained. Light recycle stock from 
the base of the fractionating tower is charged to the recycle coil with admixed pro- 
panes and butanes, yielding 25—32% gasoline per pass. The C3 and C4 fractions for 
these three coils are obtained from the stabilizer overhead, and consist of approxi
mately 25% butanes, 75% propanes. Heavy naphtha passes over the absorber to 
remove C3 and C4 recycle from the residue gas and the enriched naphtha is charged to 

, the naphtha coil. All four coils discharge to a  common separator tower, the bottoms 
from which pass to the tar stripper, where fuel of the desired gravity is removed as 
bottoms; overhead fractions pass to the bubble-tower, and a  side stream is removed 
for admixture with reduced crude prior to entering the viscosity-breaking coil.

The economics of butane and propane conversion in a naphtha polyform unit are 
discussed, and an example is given of a  method for obtaining high yields of 100-octane 
aviation base and 73-octane motor fuel from casing-head gasoline of 26 lb. vapour 
pressure. This method involves separation of isopentane, n-butane, and isobutane,
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followed by distillation to yield aviation base-stock and heavy naphtha. The heavy 
naphtha and n-butane would be charged to a polyform unit to produce motor gasoline 
and a butane/butylene fraction which would be charged to an alkylation plant, 
together with the ¿.sobutane, producing aviation alkylate and n-butane for recycle 
to the polyform plant. Blending of alkylate, isopentane, and aviation base-stock 
provides the 100-octane aviation base. Yield-octane relationships obtained from 
plant data when operating on 45-octane number mixed Texas naphtha with additional 
propanes and butanes are presented, and similar data provided for Californian naphtha 
of 58 octane number from pilot-plant operations. R . A. E.

787. Patents on Cracking. G. C. Connolly. U .S.P. 2,281,919, 5.5.42. Appl. 6.12.38.
Method of cracking hydrocarbon oil to form lower-boiling hydrocarbons which 
involves contacting the oil at cracking temperature with a catalyst comprising a 
composite gel of silica and alumina containing up to 1% of an oxide of an element 
of group II  taken from the class consisting of beryllium, magnesium, and cadmium,

K . M. Watson. U.S.P. 2,282,273, 5.5.42. Appl. 7.6.40.—Method of conversion 
of hydrocarbon oil by oatalytically cracking a relatively light oil in the presence of a 
powdered cracking catalyst and under sufficient pressure to maintain a substantial 
portion in liquid phase. The vapours are separated from the catalyst, and one 
portion of the catalyst containing liquid reaction products is returned to the cracking 
operation. Another portion of the liquid reaction products substantially free from 
catalyst is subjected to pyrolytic conversion, together with a  residual hydrocarbon 
oil. Cracked vapours are fractionated from this conversion process to separate reflux 
condensate from the fractionated vapours and at least part of the reflux condensate 
is passed to the catalytic cracking stage.

H. E. Drennan. U.S.P. 2,282,602, 12.5.42. Appl. 15.3.38. Method of conversion 
of low-molecular-weight olefins to hydrocarbons of higher-molecular-weight, which 
involves contacting the olefins with a catalyst comprising a  moisture-free mixture 
of phosphorus pentoxide and a metal oxide selected from the group consisting of the 
oxides of copper, magnesium, iron, zinc, aluminium, tin, and nickel. The mixture is 
previously calcined under moisture-free conditions with a binder which produces a 
carbonaceous residue on heating.

G. Egloff. U.S.P. 2,282,855, 12.5.42. Appl. 29.6.40. Process for the conversion 
of hydrocarbons which involves heating a flowing stream of the oil to be cracked to 
a catalytic cracking temperature, while maintaining a  dispersion of finely divided 
catalyst in the said stream. The resultant heated oil and dispersed catalyst is passed 
to one end of an elongated reaction zone, and the resultant conversion products are 
removed from the other end of the zone. A portion of the conversion products and 
catalyst are returned to the reaction zone, and from the remaining portion are separated 
cracked vapours and catalyst containing residue. The vapours are fractionated to 
form a reflux condensate, and afterwards to condensation to form distillate and un
condensed gases. The distillate is recovered, and regulated quantities of the un
condensed gases are returned to the reaction zone.

J .  E. Ahlberg and C. L . Thomas. U .S.P. 2,282,922, 12.5.42. Appl. 20.3.37. 
Conversion of hydrocarbons by cracking hydrocarbons heavier than gasoline in the 
presence of an alumina-silica catalyst resulting from the co-precipitation of hydrated 
aluminium and silicon oxides in an aqueous menstruum containing ammonium 
hydroxide. H. B. M.

Refining and Refinery P lan t.
788.* Solvent Refining Units at Ponca City Refinery. Anon. World Petrol., 1941, 
Ann. Ref. Issue, 12 (11), 81.—Duo-sol, furfural, and methyl ethyl ketone units for 
the solvent refining of motor and industrial oils have been installed at a Ponca City, 
Oklahoma, refinery. These are integrated with the centrifuge dewaxing process 
used to dewax oils, which has been modernized to utilize hexane as the solvent, and 
also with the Bari-sol process. The Duo-sol plant handles 1600 brl. per day of 
heavy vacuum-distilled lubricating oil, and the furfural plant 1200 brl. per day of 
light wax distillate. The raffinate from the former is dewaxed in the hexane dewaxing
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unit, and that from the latter in the methyl ethyl ketone plant. A 130° F . melting- 
point wax is produced from the M .E.K. crude scale wax. The Company’s motor oil 
contains methyl dichlorostearate for greater film strength and thialkene to reduce 
oxidation tendencies. q L . G.

789.* Obtaining Asphalt Flux by Reducing Michigan Crude Oil. J .  C. Albright. 
Petrol. Engr, Dec. 1941, 13 (3), 82.—A skimming plant, operated by the Producers 
Refining, Inc., to produce a variety of products, is briefly described. I t  utilizes a 
Michigan crude of mixed base, predominantly asphaltic, processing 2500 brl. daily. 
A variety of overhead and side streams are yielded, together with a residuum of 15°
A.P.I., part of which goes to the vacuum reduction side of the refinery. The various 
conditions of operation—for example, temperature and degree of vacuum—to produce 
different products, such as S.C. 5 and S.C. 6 , from the bottoms, are quoted. J .  C.

790.* Blending to Improve Refinery Products. R . G. Lovell. Petrol. Engr, Feb. 
1942, 13 (5), 41.—I t  is demonstrated how, after debutanization, the residual pentanes 
plus may have their vapour pressure raised to normal requirements by blending in 
n-butane, remaining from the de-isohutanizing operation. This, incidentally, will 
have a beneficial effect on the octane number. Curves are presented showing the 
amount of a natural gas component that can be substituted for another component 
without altering the vapour pressure.

Boiling ranges of blends can be predicted, less accurately, by an involved method 
of calculation, or by an easier graphical method.

It is shown how slight alterations in methods of plant operation may help to give 
bottoms of desired characteristics, when recovering isobutane and butylenes.

Other advantages of control of distillation range, etc., which are not indicated by 
the ordinary knock characteristics, have been demonstrated by the author by means 
of a car fitted with a  variety of unusual instruments, enabling the following to be 
observed:—

Temperatures o f :—
Gasoline in carburettor bowl.
Air to carburettor.
Gasoline—air mixture at carburettor discharge.
Gasoline—air mixture at front-centre-rear of intake manifold.
Exhaust gas from each cylinder.
Exhaust gas composite.

Barometric pressure.
Air saturation.
Intake manifold vacuum.
Power (relative in terms of equivalent grade).
Air-fuel ratio ; each cylinder and composite.

Comparative, controlled tests with this mobile laboratory have shown that narrow 
distillation range and a low 90% figure and final boiling point gave a distinct improve
ment in performance, and it is considered that the better behaviour of the fuel in 
the engine is due to more complete atomization.

isoPentane has an octane number of 89 and n -pentane of 69, so that substitution 
of n- by iso- would be advantageous. I t  is suggested that isopentane be added to 
butane and pentane-free stock to bring up the O.N., distillation range, vapour pressure, 
and gravity to such points that the specifications for 91 octane gasoline are met by 
adding the maximum amount of tetraethyl lead. Since iso- and n-pentane differ 
only little in vapour pressure and boiling point, separation would be difficult, requiring 
many trays, a high tower, and a high reflux ratio.

In general, response of hydrocarbons to tetraethyl lead depends on two factors : 
the base octane number and the chemical composition. The latter depends on the 
nature of the crude and the type of cracking practised with total sulphur content as 
the principal depressing factor in lead susceptibility. The sulphur compounds 
apparently react in the burning mixture to give lead sulphide, which is inactive as a 
knock suppressor. A chart is given showing the degree in which lead susceptibility 
is affected by the initial octane number of the base stock (assuming sulphur com
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pounds to be negligible). The effect of sulphur compounds is shown graphically from 
results obtained with a Californian straight-run, blends of this with heptene and blends 
of heptene with butyl mercaptan.

Some general inferences are made relating to the effects on the refining industry 
of the need for stock of high quality (other than cracked products) for aviation gasoline, 
and the consequent possibilities for the refiner. J .  C.

791.* Complete Extraction of Liquefied Petroleum Gases. J .  C. Albright. Petrol. 
Engr, Feb. 1942, 13 (5), 131.—A description, with a flow diagram, of a refrigerating 
or sub-cooling system, installed by the Cabot Carbon Co. at its \\ alton refinery, 
Texas, to obtain fuller extraction in the natural gasoline plant. Originally con
ventional practice was followed by absorbing the fractions from the rich gas by means 
of two absorbers in parallel, with the absorption oil and gas cooled to the lowest 
temperature practicable by ordinary atmospheric coolers— i.e., about 90° F . This 
temperature was not low enough for complete extraction of propane and butane 
necessary for the production of L.P.G. (liquefied petroleum gases). An additional 
absorbing column, built in two sections, has now been installed, to follow the two 
primary absorbers. Only the oil is chilled (to a temperature of 50° F .), the refrigerant 
being liquefied propane. There is a series flow of gas from the base to the overhead 
outlet, but an oil-collecting tray removes the oil from the lower part of the upper 
section to be withdrawn and passed through another propane chiller (the temperature 
again being reduced to 50° F .), from which it is immediately returned to the top of 
the lower half of the absorber. The unabsorbed gas from the top of the secondary 
absorber is used for fuel and carbon-black production, whilst the absorption oil from
the base passes to a still. J • C.

792.* Influence of Alloy Additions on Corrosion Resistance. C. L. Clark. Oil GasJ.,
19.3.42, 40 (45), 48.—Results, obtained under specific operating conditions, for cor
rosion resistance of steels to hot petroleum products are presented graphically. They 
indicate that exactly comparable results may not be obtained from A.P.I. strip 
specimens and from commercial tubes, but that both types of test show that increasing 
chromium content imparts increasing corrosion resistance. Increased silicon content 
and the addition of aluminium seem to improve the resistance of actual tubes to a 
greater extent than in the case of the strip specimens. The character of the crude 
and variations in operating conditions may shift the various curves, but it is con
sidered that the steels will retain their relative order of merit, and the curves should 
therefore serve as a useful guide in the selection of steels for refinery service. J . C.

793.* New Grapeland Plant Features Flexibility in Operation. W. C. Westbrook.
Oil Gas J .,  16.4.42, 40 (49), 33.—A description is given of the construction and opera
tion of one of the newest condensate-recovery and gas-cycling projects in Grapeland 
field, East Central Texas. Facilities are provided for processing up to 53 million 
cu. ft. of wet gas daily, and the plant at present handles the output from six producing 
wells, residue gas from the high-pressure absorber being injected into one injection 
well by compressors at a pressure of 2500 lb. Separate flow-lines from each well 
deliver gas to individual primary separators for initial separation of heavier condensate 
fractions, which re-enter the system with the rich oil-stream to the high-pressure 
re-absorber. After passing individual meters, the combined gases from the separators 
pass to three absorbers, the first being the high-pressure absorber operating at 1600 
lb. pressure. The rich oil-stream from this absorber is combined with condensate 
from the primary separators and passed to a  scrubber, where hydrates are trapped, 
and from thence to a high-pressure re-absorber operated at 400 lb. pressure. The 
low-pressure re-absorber operates at 70 lb. pressure, and the flash-vapours from the 
high-pressure re-absorber and vapours from the depropanizer feed-tank are recycled 
for re-absorption and fractionation. A centrifugal pump feeds lean oil to the low- 
pressure re-absorber and to the suction of a  high-pressure pump, which feeds the 
high-pressure absorbers.

The still operates at 80 lb. pressure and has eight trays in the stripping section 
and twelve in the fractionating section. The depropanizer and debutanizer are 
described. The kerosine stripper takes its feed and reflux from the stripper
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section of the still, and is built into one column with the lean oil reclaimer, which is an 
atmospheric fractionator, the feed and reflux of which come from the hot-oil circulat
ing header at 480° F . Overhead vapours from the reclaimer are condensed, and pass 
to an oil-water separator. The oil level is maintained by a  liquid-level controlled 
pump delivering to circulation or storage. Lean oil for heating the still, strippers, 
etc., is circulated to the oil-heater from a surge-tank equalized in pressure and tem
perature with the bottoms of the still. Plant fuel-gases are supplied by the light 
fractions flashed in the high-pressure re-absorber. Auxiliaries, control methods, 
and safety devices are described. Maximum daily production expected is about 
65,000 gal. motor fuel, 25,000 gal. butane, 2500 gal. kerosine, and 500 gal. fuel oil.

R. A. E.

794. The Performance of Refinery Gas Absorbers with and without Intercoolers.
R. M. Jackson and T. K . Sherwood. N at. Petrol. News, 29.4.42, 34 (17), R. 134.—J 
Data, relative to full-scale refinery operations, are given for the operation of an ab
sorber working on mixed gases. It  is shown that the use of intercoolers increases 
recovery, the advantage gained being greater in the winter than in the summer, 
owing to the lower temperatures prevailing in the winter. The work afforded op
portunity of comparing observed data with the results of standard calculation. It  
was concluded that, with the exception of calculations involving methane, agreement 
was good. H. G.

795. Patents on Refining and Refinery Plant. U. B. Bray. U.S.P. 2,281,667, 5.5.42. 
Appl. 22.7.33. Method of refining petroleum oil which includes mixing the oil with 
liquefied hydrocarbon gases having a vapour pressure greater than atmospheric, 
cooling the mixture to a  temperature sufficient to congeal the wax content, passing 
the cooled mixture through a  settling tank, and afterwards separating from it the 
remaining portion of wax by filtration.

V. L. Chechot. U.S.P. 2,282,033, 5.5.42. Appl. 3.11.39. Process of refining 
viscous hydrocarbon oil which involves adding to it a small quantity of finely divided 
mica and talc and afterwards separating from the treated oil the mica-talc mixture 
containing entrained acid-sludge.

W. J .  Mattox. U .S.P. 2,282,231, 5.5.42. Appl. 19.4.41. Method of separating 
ethyl benzene from a mixture containing essentially ethyl benzene and isomeric 
xylenes. The mixture is fractionally distilled to remove a relatively lower boiling 
fraction containing m- and p-xylenes and ethyl benzene from a residue of higher- 
boiling o-xylene. The relatively lower-boiling fraction is subject to catalytic hydro
genation to form a naphthenic hydrocarbon mixture, including cycZohexane and 
dimethyl cycZohexanes. The mixture is then separated by distillation into dimethyl 
cycZohexanes and an ethyl cycZohexane fraction, and the latter catalytically dehydro
genated to give ethyl benzene.

M. A. Dietrich. U.S.P. 2,282,710, 12.5.42. Appl. 14.6.39. Method of inhibiting 
the deterioration of hydrocarbons in the presence of metals normally active to catalyse 
deterioration. Incorporated in the petroleum hydrocarbons is a small amount of 
an organic compound having an amino nitrogen atom and a divalent sulphur atom, 
each singly bonded to adjacent aliphatic carbon atoms in open-chain configuration. 
The second valence of the sulphur atom is satisfied by a member of the group con
sisting of hydrogen and aliphatic radicals.

L. U. Franklin and W. H. Weeks. U.S.P. 2,284,273, 26.5.42. Appl. 20.7.39. 
Method of sweetening sour petroleum oils containing mercaptans by suspending in 
a flowing stream of the oil, in the presence of an oxygen-containing gas, a substantially 
dry solid mixture of asbestos, and a  substance capable of reacting with the mercaptans 
to form sweet sulphur compounds, and of regeneration by the oxygen-containing gas.

W. H. Rupp and K . E . Thorp. U .S.P. 2,284,592, 26.5.42. Appl. 23.3.40. Pro
cess for the recovery and segregation of hydrocarbons containing three carbon atoms 
in the molecule and fractions containing four carbon atoms in the molecule derived 
from the cracking of petroleum oils.



3 4 8  a A B ST R A C T S.

C. D. Marshall. U.S.P. 2,284,607, 26.5.42. Appl. 3.10.41. Method of dewaxing 
a waxy petroleum oil-stock by admixing with it a solvent in amount to maintain 
the mixture fluid at temperatures near, but somewhat above, final dewaxing tem
perature. Then a second portion of solvent is added, and the mixture so formed 
finally chilled to dewaxing temperature and the wax separated therefrom.

H. B. M.

M etering.

796.* Dew-Point Recorder Utilizing Photo-Electric Relay Safeguards Gas Line Against 
Freezing. J- A. Setter. Petrol. Engr, Feb. 1942, 13 (5), 134.—A description, with a 
schematic diagram, of a novel dew-point recorder utilizing a General Electric photo
electric relay. Continuous readings are given of temperature at which condensation 
occurs when natural gas enters the Denver metering plant of the Colorado Interstate 
Gas Co. The gas passes through a gold-plated U-tube, immersed in a freezing solu
tion, fitted with plate-glass windows, above which are mounted a General Electric light 
source and photo-electric relay. When the gas is chilled a film of condensate is de
posited on the inside of the U-tube, reducing reflection to the photo-tube, which 
operates to disconnect the cooling coils and connect heaters to warm the solution. 
The process repeats when the condensate disappears, and a  recording-bulb-type 
thermometer records the temperature of the solution, giving a curve similar to a sine 
wave. The gas pressure is also recorded on the same chart, and from the two records 
the dew-point is calculated. J .  C.

Chem istry of P h ysics and H ydrocarbons.

797. Heats of Isomerization of the Nine Heptanes. E . J .  R . Prosen and F . D. Rossini.
Bur. Stand. J . Res., Wash., 1941, 27 (6 ), 519-528.—Calorimetric measurements have 
been made which yield values for the differences in the heats of combustion of all the 
nine heptanes except 2-methylhexane and 3-methylhexane for the liquid state at 
25° C. Values for these two in reference to n-heptane were determined from the 
corresponding values for the differences in the heats of combustion of n-hexane, 
2-methylpentane, and 3-methylpentane, and of w-octane, 2-methylheptane and 3- 
methylheptane. These values for thé differences in the heats of combustion which 
are also the heats of isomerization in the liquid state at 25° C. have been combined 
with calculated values for the differences in the heats of vaporization to give values 
for the heats of isomerization in the gaseous state at 25° C.

A description of the preparation of the heptanes is given. The calorimetric pro
cedure was the same as that in the work on hexanes previously reported. The follow
ing values were obtained :

Heat of isomerization AH for nC ,H ie =  iC7H 16.

1
Isomer. Liquid. Gas.

25° C. 25° C. 0° K .
k.-cal./mole. k.-cal./mole. k.-cal./mole.

«-Heptane __ __ __
2-Methylhexane -  1-30 ±  0-25 -  1-80 ±  0-29 -  1-21 ±  0 31
3-Methylhexane -  0-72 ±  0-25 -  118 ±  0-29 -  0-42 ±  0 31
3-Ethylpentane -  014 ±  0-23 -  0-52 ±  0-27 +  0-48 ±  0-30
2 : 2-Dimethylpentane -  3-42 ±  0-28 -  4-45 ±  0-32 -  3-40 ±  0-34
2 : 3- -  2-18 ±  0-26 -  2-80 ±  0-30 -  1-71 ±  0-32
2 : 4-  ,, , , -  2-54 ±  016 -  3-40 ±  0-22 -  2-32 ±  0-25
3 = 3- „  „
2 : 2 : 3-Trimethylbutane .

-  2-44 ±  015 -  3-24 ±  0-21 -  2-23 ±  0-24
-  3 00 ±  0-22 -  4-17 ±  0-27 -  3 02 ±  0-30

D. L. S.
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798. Free Energies and Equilibria oi Isomerization of the Butanes, Pentanes, Hexanes, 
and Heptanes. F . D. Rossini, E . J .  R . Prosen, and K . S. Pitzer. B ur. Stand. J .  
Res., Wash., 1941, 27 (6 ), 529-541.—Values are reported for : (a) the standard-free

A F°energy of isomerization divided by the absolute temperature (6) the relative

amounts of the several isomers present when at equilibrium with each other for the two 
butanes, three pentanes, the five hexanes, and the nine heptanes, all in the ideal gaseous 
state for the range 298-1000° K . The results are presented both in tabular and 
graphical form. Comparison is made of these calculated values of the equilibrium 
concentrations with the directly measured values reported by other investigators for 
equilibria involving the two butanes, two pentanes, and four hexanes.

It is concluded that at 298° K . the normal isomer is thermodynamically the least 
stable in each case, with the exception that 3-ethylpentane is less stable t h a n  n- 
heptane. Relative to the other isomers, the normal isomer increases in stability with 
increase in temperature, and at 1000° K . is among the most stable of the isomers.

At 298° K . the 2 : 2-dimethyl isomer is in each case the most stable, but it rapidly 
becomes less stable with increasing temperature, and at 1000° K . is among the least 
stable of the isomers. D. L . S.

799. The Alkyl Nitrates. Anon. Chem. Tr. J . ,  9.1.42, 110, 35.—Sharpies Solvent 
Corporation in E .P . 540,150 of 1940 describe an improved method for production of 
alkyl nitrates, particularly applicable to manufacture of propyl and amyl nitrates. 
The process comprises treatment of an aliphatic alcohol with nitric acid of 35—68% 
concentration, removing the nitrate by azeotropic distillation under a reduced pres
sure, and returning or adding to the reaction mixture that component of the reaction 
products which is in excess of the equimolecular proportion in the distillate, so as to 
remove both products of reaction in equimolecular proportions and to prevent an 
accumulation thereof in the reaction mixture. Auto-oxidation in the esterification 
vessel is prevented by removing the alkyl nitrate from the vessel promptly after 
formation. Urea solution is also added periodically in quantities sufficient to inhibit 
oxidation. R . A. E .

800. Chlorinated Olefins. Chem. Tr. J . ,  20.2.42, 110, 207.—E.P. 542,086 of 1941 
issued to Shell Development Co. of California describes a method for halogenation 
via substitution of unsaturated aliphatic hydrocarbons with the aid of a catalyst at 
temperatures about 300-310° C. in the presence of less than 2—3% oxygen.

R . A. E .

A nalysis and T esting .

801.* Test Methods for Control of Gasoline Treating Processes. A. W. Trusty. Petrol. 
Engr, Jan . 1942, 13 (4), 58.—The effect of excess sulphur and polysulphides on the 
lead susceptibility and gum-inhibitor requirements of gasoline has emphasized the 
necessity of proper treating. Several easy methods of testing stock, developed as 
aids to the refiner, are described. These comprise :—

(1) Hydrogen sulphide in raw stock by reaction with acidified cadmium chloride 
solution.

(2) Mercaptan content of sour stock, by two methods :—

(а) The “  copper number ”  t e s t : addition of ammoniacal cupric sulphate 
to the H 2S-free stock until the blue colour persists.

(б) Addition of excess silver nitrate solution and back titration with am 
monium thiocyanate.

A knowledge of mercaptan content is valuable in copper chloride treating, in caustic 
washing, and in doctor treatment. In the latter treatment it acts as an index of the 
correct quantity of free sulphur for making the “ break.”

(3) Litharge in Doctor Solution by acidification with acetic acid and titration with 
ammonium molybdate, using tannic acid as indicator.

(4) Butyl-mercaptan test. Addition of this reagent gives an orange or brown 
precipitate if the gasoline contains corrosive sulphur.
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(5) Peroxides in gasoline by means of thiocyanate.
In addition, methods are described for the analysis of caustic soda containing 

sodium sulphide and mercaptides, using potassium iodide-iodate reagent. J .  C.

802. Fluorescence Analysis Reaches Practical Development Stage. F . B. Taylor.
Oil W kly, 22.6.42, 106 (3), 27.—The fluorescence shown by oil has been used to detect 
oil in mud streams, in cores, old and new, and in the examination of lubricants and
lighter stocks. .

Ultra-violet rays striking an atom may drive an electron into a new orbit, and the 
return of the electron to its former orbit may give out energy in the form of light. 
Not all atoms can give rise to fluorescence, and certain wave-lengths of ultra-violet 
light are needed to cause fluorescence in those substances capable of giving it.

Several sources of ultra-violet rays are available. Observations of fluorescence 
must be made in the dark.

Experience is necessary to interpret the meaning of differences in the fluorescent 
colours. It  may be necessary to dissolve the oil in a solvent in order to observe the 
fluorescence. In some respects the method is over-sensitive, and therefore all indica
tions must be interpreted according to the circumstances. Thus cores too tight to 
give commercial production may give brilliant fluorescence.

Substances other than oil may give fluorescence. G. D. H.

M otor Fu els.
803.* Sulphur Limits in Gasoline. Lowry and Egloff. Oil Ga.s J . ,  11.12.41, 40 (31), 
52.—A reasoned plea is made for the relaxation of sulphur restrictions in gasoline, 
and is backed by reference to many well-known authorities.

In parts of U.S.A. there is still in operation a sulphur maximum of 0-1% for gasoline. 
This low limit was derived arbitrarily at a  time when the sweet, relatively sulphur- 
free crudes of the East and Mid-continent were abundant and were the main sources 
of motor fuel. The newer, cracked spirits from Texas, California, etCj, caused anti
pathy because they differed in colour, odour, gravity, and sulphur content, but in 
all respects except sulphur the prejudice has been overcome. Strong evidence is 
presented that only free sulphur and mereaptans are harmful, and these are invariably 
removed by careful refiners. Other sulphur compounds, such as thiophenes, are 
harmless. Actual corrosion in motor-car engines is shown to be due mainly to water 
condensation, and in present-day cars is prevented by control of jacket-water tem
perature and ventilation of the crankcase. A wide variety of examples of the use of 
high-sulphur-content gasolines, without deleterious effects, are quoted, including an 
abnormal example of a mixture containing 5% carbon disulphide, which caused no 
damage. Further arguments are based on diesel-fuel specifications, and perhaps the 
authors’ strongest point is the fact that high-sulphur-content spirits have been used 
on the West Coast for 15 years, in all kinds of climates, without causing any unusual 
wear.

It is necessary to raise these unjustifiably low sulphur limits to prevent wastage of 
natural resources through excessive refining of motor ^uel. J .  C.

804. New Specifications Issued by British Petroleum Mission. Anon. N at. Petrol. 
News, 24.12.41, 33 (52), R. 408-R. 410, R. 416—Revised specifications for twenty- 
one products, including four new ones, have been issued by the British Petroleum 
Mission in Washington governing requirements of the British Government under 
lease-lend arrangements. The four additions concern finished alkylate for blending 
into 100-octane aviation gasoline, low-cold test distillate or residuum for lubes, 
Columbian lube distillate, sodium—naphtha—sulphonate (soluble cutting-oil base). 
The specifications are given in full, together with a list of the official test methods. 
The following specifications are unchanged : pool motor gasoline, white spirit, gas oil, 
diesel oil, marine diesel, marine fuel, W/D gas oil, special refinery gas oil, and Admiralty 
fuel oil. H. G.

805. Indian Power Alcohol. Anon. Chem. Tr. J .,  30.1.42, 110 (2854), 125.—In
creased attention is being paid to the use of power alcohol from molasses as a blending
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agent to conserve motor-spirit supplies. Schemes operating or under consideration 
aim at including up to 20% of alcohol. Admixture of alcohol has been compulsory 
in Mysore State since October 1939, and in United Provinces since 1940. Similar 
schemes are planned for Bombay. Much of the molasses from the 150 or more sugar 
factories in India is at present wasted. An expert committee appointed by the 
United Provinces and Behar estimated alcohol production costs to be less than 6 £ 
annas (8d.) a gallon if molasses cost 6 annas a maund (82 lb.) at distillery. With a 
normal annual consumption of motor spirit of about 100 million gal., admixture of 
20% alcohol is of considerable national advantage. R. A. E.

806. British Specifications Revised for Aviation Fuel Base Stocks. Anon. N at. 
Petrol. News, 1.4.42, 34 (13), R. 102.—The revised or modified specifications for 
petroleum products agreed with the British Petroleum Mission in Washington are 
given. Revisions occur in the specifications for the unleaded base-stocks of 100. 
91, and 87 O.N. aviation fuel, special refinery gas oil, pool light and heavy fuel oil, 
The specifications for hydraulic and transformer oil are modified. H. G.

80". Patents on Motor Fuel. R. B. Day and E . R . Kanhofer. U .S.P. 2,283,851,
19.5.42. Appl. 31.3.41. Process for the production of gasoline by subjecting a 
combined feed to catalytic cracking, fractionating from the products of this operation, 
gasoline, light intermediate conversion products, and heavy intermediate conversion 
products. The heavy intermediate conversion products are mixed with light inter
mediate conversion products formed in a thermal cracking process, and the mixture 
is subjected to thermal cracking to form substantial quantities of gasoline.

B. S. Friedman and W. L . Benedict. U .S.P. 2,283,854, 19.5.42. Appl. 5.7.40. 
Production of a substantially saturated gasoline of high octane number by cracking 
a hydrocarbon oil in the presence of a powdered cracking catalyst and of a hydrogen- 
containing gas. Conversion produ ct are separated into a hydrogen-containing gas, 
a gasoline fraction containing substantial amounts of unsaturated hydrocarbons, and 
a higher-boiling fraction. Part of the higher-boiling fraction is returned to the crack
ing operation. The gasoline fraction is combined with a hydrogen-containing gas 
and a naphthenic oil, and the mixture is subjected to contact with a dehydrogenating 
catalyst to form a substantially saturated gasoline. H. B. M.

Lu brican ts and Lubrication.

808.* Recovery of Used Lubricating Oils. V. Biske. Petroleum, Nov. 1941, 4 (7), 
147.—It is considered that the bulk of used oil available for recovery will be that 
used in intemal-combustion engines, turbines, transformers, and other electrical 
equipment. Types of contaminants present in these oils, their origin, and effects 
are briefly reviewed. Purifying methods involving settling or filtration are of value 
in prolonging the useful life of oils, but eventually the oil must be discarded on account 
of increasing content of contaminants of the soluble type.

At present numerous relatively small plants using a variety of processes, and limited 
in scope both as regards the type of oil which can be treated and the degree of restora
tion of quality, are engaged in the recovery of used oil. Treating losses and running 
costs are also greater for these relatively small plants as compared with those of large 
plants. I t  is therefore considered that recovery of used oils could be achieved more 
efficiently in petroleum refineries, with greater flexibility in respect of feed-stock and 
production of finished products. Careful segregation of the various types of used 
oil is expensive and complicated, and it is suggested that the more centralized dis
tribution and use of fresh oils applying under present conditions would enable return
ing tank-cars or returnable drums to be used for the delivery of used oils to the re
fineries. Flushing oil used for cleaning tank-cars so used could be added to the 
material to be recovered. Exclusion only of compounded and black oils is considered 
necessary.

Broadly speaking, normal refining procedure could be adopted, involving distillation 
to remove diluent and separation of spindle and medium lubricating-od distillates, 
leaving a residue of long residuum type. The diluent separated might be used for
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diluting oils received in order to accelerate separation of insolubles and render the oil 
more easily pumpable, or used as cracking stock or for fuel purposes. The lubricating 
distillates could be refined by acid or solvent extraction as desired. Treatment of 
the residue may be difficult on account of the presence of asphaltic material, and if 
considerable quantities of additives or grease are present, refining may not be an 
economic proposition. It is realized that the scheme may involve degrading some 
of the high-grade components, and that production of certain special types of oil 
normally obtained from selected crudes would be impossible from the mixed used 
oils. Nevertheless, the oils so produced would command a considerable market. 
Other advantages of a centralized scheme are enumerated. R. A. E.

809.* Lubrication without Oil. A. H. Stuart. Petroleum, Jan . 1942, 5 (1), 9.— 
Efficient lubrication of steam-engine cylinders has been maintained by the use of a 
dispersion of colloidal graphite in water, the graphite producing an anti-friction 
surface on the cylinder walls and showing no sign of being carried over by the exhaust 
steam.

In the lubrication of bearings made of cotton fabric bonded by synthetic resin, 
addition of colloidal graphite to water reduces the coefficient of friction under con
ditions of high load or high speed. Good results have also been achieved by soaking 
the cotton fabric in a dispersion of colloidal graphite in water or other suitable medium 
before bonding with the resin. Curves relating maximum load to variation in speed 
under conditions of at least 5 hours’ running without seizure under dry conditions 
show the improvement obtained by this treatment of the cotton fabric. With plain- 
water lubrication it is estimated that the seizing load is increased by 35% if the cotton 
fabric is first impregnated with colloidal graphite, and nearly doubled if colloidal 
graphite is also incorporated with the lubricating water. R. A. E.

810.* Engine Bearing Temperatures (Road Tests).—I.A.E. Research Committee Report.
J .  Spiers. J .  ln s tn . Auto. Engrs, 1942, 10 (6 ), 129—156.—This report deals with 
tests on a 10-h.p. car, the engine of which was equipped with eighteen thermocouples 
in the sump, oilways, and bearings. In general, the results confirmed previous bench 
te sts; the factors mainly influencing bearing temperatures are as follows, in order of 
importance :—

1. Engine Speed. Bearing and oil temperatures increase either linearly or at an 
increasing rate with increasing speed, and are substantially independent of load.

2. Viscosity. A  change from S.A.E. 50 to S.A .E. 10 oil reduced the big-end bearing 
temperature from about 77° C. to 65° C. at 2000 r.p.m. and from 138° C. to 90° C. at 
4000 r.p.m.

3. Oil Temperature. Reduction in oil sump temperature is reflected to a greater or 
less extent in bearing temperatures.

4. A ir  Temperature. 83-85% of any air temperature variation is reproduced at 
the engine bearings.

5. Water Temperature. Not more than 25% of any change in jacket temperature 
is reflected in bearing temperatures.

6 . Oil Pressure. Increase of pressure, and consequently of flow, results in a small 
reduction in bearing temperatures. K. A.

811. Patents on Lubricants and Lubrication. C. F . Prutton. U.S.P. 2,281,597,
5.5.42. Appl. 25.6.37. Preparation of a lubricant consisting of a major proportion 
of a lubricating oil and up to 2 0 % of a halogenated alkylated aromatic ketone.

D. R. Merrill. U.S.P. 2,281,705, 5.5.42. Appl. 3.1.40. Extreme pressure lubricant 
consisting of mineral lubricating oil and a  small percentage of chlorinated Edeleanu 
extract.

U. B. Bray. U.S.P. 2,281,824, 5.5.42. Appl. 22.9.39. Manufacture of a lubricat
ing oil containing a relatively small proportion of an alkaline-earth metal soap of a 
saponifiable organic acid to overcome the deposit of resinous and varnish-like 
materials in severe service internal-combustion engines. Additionally there is in
corporated a small quantity of an oil-soluble alkaline-earth metal compound of a
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thio-phenolic derivative to overcome corrosion conditions developed in the oil. The 
added constituents do not materially increase the viscosity of the original oil.

G. H. Von Fuchs and H. Diamond. U .S.P. 2,281,894, 5.5.42. Appl. 18.1.40. 
Preparation of a lubricating or electrical oil composition consisting of a highly refined 
mineral lubricating oil and dissolved therein a small amount of a highly cracked dis
tillate oil, free from tar and selected from the group consisting of coking cycle stock 
and cracking coke blow-down oil. The composition is claimed to have greater re
sistance to oxidation than mineral oil.

C. F. Prutton. U.S.P. 2,282,343, 12.5.42. Appl. 1.3.39. Manufacture of a 
lubricant consisting of 80% mineral lubricating oil and 0 1 - 2 0 % of both an oil-soluble, 
halogen-bearing, oxygen-free organic compound and an oil-soluble, organic oxygen 
compound.

E. W. Cook. U.S.P. 2,282,707, 12.5.42. Appl. 10.12.38. Lubrication of bearing 
surfaces at least one of which comprises an alloy having substantially the corrosion- 
susceptibility of cadmium-silver, cadmium-niekel, and copper—lead alloys. The 
lubricant has incorporated in it corrosion-inhibiting proportions of an oil-soluble 
organic metallic sulphide.

F. W. Downing and C. J .  Pedersen. U .S.P. 2,282,513, 12.5.42. Appl. 19.5.39. 
Incorporation into a  viscous petroleum oil normally subject to deterioration in colour 
of a small amount of an organic compound of the type of a Schiff’s base, obtained 
by condensation of 1 mol. of an aliphatic polyamine containing at least two primary 
amino-groups directly attached to different carbon atoms of the same open chain 
with at least 2 mols. of an aldehyde, so that one and only one mol. of aldehyde reacts 
for each primary amino group of the polyamine.

S. R. Scalzitti. U.S.P. 2,283,581, 19.5.42. Appl. 22.1.40. Preparation of a 
lubricant consisting of 94% of an oily base, 3% of zinc sulphide well dispersed therein, 
3% of barium sulphate for retarding decomposition of the zinc sulphide by overheating 
between movable parts of machinery.

B. T. Brooks. U.S.P. 2,284,258, 26.5.42. Appl. 6.1.40. Preparation of a lubricat
ing composition consisting of a mineral lubricant and a small amount of an oleone.

H. B. M.

A sphalt and Bitum en.
812. Patents on Asphalt and Bitumen. E. Thelen. U.S.P. 2,281,728, 5.5.42. Appl. 
9.3.39. Method of treating a charging stock of asphaltic crude and residue which 
involves first heating the charging stock to approximately 270° F . and then adding 
0-4—1-2% of 22 Baume hydrochloric acid. This is done under conditions designed 
to effect substantially complete absorption of free hydrochloric acid. Finally the 
mixture is air-blown at 425° F .

R. E. Burk. U .S.P. 2,282,703, 12.5.42. Appl. 28.10.36. Process for making 
asphalt which involves oxidizing petroleum residuum by heating and agitating in 
exposure to oxygen and thickening the material to the desired melting point and 
penetration. After oxidation there is incorporated a small amount of a naphthenate 
of a metal of the group consisting of cobalt, manganese, iron, lead, vanadium, and 
zinc. H. B. M.

Special Products.

813. Patents on Special Products. W. J .  Backoff, X . D. Williams, J .  F . O’Loughlin,
H. L. Moir, a n d j.  S. Yule. U .S.P. 2,284,080, 26.5.42. Appl. 6.10.38. Preparation 
for use as a gum solvent and consisting of 50-90% of refined mineral oil boiling above 
the boiling range of kerosene and 50—10% of a  mixture of esters of phthalic and 
benzoic acids, the esters boiling above 350° F . H. B. M.
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Coal and Shale.

814. Swedish Shale Oil. Anon. Chem. Tr. J 30.1.42, 110 (2854), 132.—A now 
method for shale-oil extraction being developed by the Svenska Skifferoljeaktiebolgat, 
and due to Dr. Ljungstrom, consists fundamentally of heating the shale in situ, and 
experiments are said to have given promising results. The shale-beds in Narke are 
estimated to be sufficient for production of about 100 million tons of oil, but as the oil 
content even in the richest beds is not more than about 6 %, production costs in 
peace-time won.1 too high to enable competition with imported liquid fuel. By the 
method proposed, a number of vertical bore-holes are made in the deposit; in some, 
electrical heating elements are installed, whilst others are used to convey oil vapours 
and gas into condensers at ground level. The average depth of the shale deposit is 
17-18 metres. By suitable arrangement of heaters it is estimated that the quantity 
of shale heated in each boring would be 400 tons, the heating period 2J months, and 
power consumption 40,000 kw.

To produce 30,000 tons of oil per annum would require 2700 electrically heated 
borings and the heating of 1 million tons of shale. R. A. E.



INSTITUTE NOTES.

S e p te m b e r , 1942.
FORTHCOMING MEETINGS.

The next meeting will take place on October 20th at the Junior 
Institute of Engineers.

CANDIDATES FOR ADMISSION.
The following have applied for admission to the Institute and in 

accordance with the By-laws the proposals will not be considered 
until the lapse of at least one month subsequent to the issue 
of this Journal, during which any Fellow, Member, or Associate 
Member may communicate by letter to the Secretary, for the con
fidential information of the Council, any particulars he may possess 
respecting the qualifications or suitability of any candidate.

The object of this information 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.
A n d e r s o n ,  Ronald Turnbull, Asst. Works Chemist, The Shell Company of 

Australia. (T. Hartigan ; H . W . Stevenson.)
C u r r a n , Bernard Reginald, Manager, Industrial Traders, Ltd . (H arold  

Moore ; H . E . Charlton.)
H u r r e l l , William Mark, Manager, Installations Branch, Distribution D epart

ment, Anglo-Iranian Oil Co., Ltd. (Dr. A .  E . D unstan  ; G. H . Coxon.) 
M a c N e i c e ,  Ian Victor Noble, Assistant Operating Superintendent, Magnesium 

Metal Corporation. (J . E . Hackwood.)
S c h n a b e l , Dr. Fred, Chemical Engineer. (L. Ivanovszky ; V. B iske.)

ARTHUR W. EASTLAKE, 
ASHLEY CARTER,

Join t H onorary Secretaries.
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CONTINUOUS WASHING
o l le y  M o t t  P la n t s  a r e  

efficiently and continuously 

washing m illions o f  gallons 

o f  Petroleum products daily . 

Designed fo r any capacity . 

M ay we subm it schem es to 

suit your needs ?

Telegram s : 
“ Typhagitor, Fen, London.”  

Telephone: Royal7371/2.

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

W orld-W ide Licensees, H . M .  C O N T I N U O U S  P L A N T  L ™

F O U R  L L O Y D S  A V E N U E ,  L O N D O N ,  E . C . 3 .
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University of Birmingham
DEPARTMENT OF OIL ENGINEERING AND REFINING

A  COMPLETE COURSE OF PETROLEUM TECHNOLOGY L 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: F. H. GARNER, Ph.D., M.Sc., F.I.C.Lecturers: C. E. WOOD, M.Sc., A.I.C., F.Inst.Pet., L. V. W. CLARK, Ph.D., M.Sc., M.EMech.E., F.Inst.Pet., and T. G. HUNTER, D.Sc., Ph.D., A.I.C., M.Inst.Pet.Drilling Instructor : A. C. GILL.

T H E  S E S S IO N  C O M M EN C ES IN SE P T E M B E R

F u ll p a r ticu la rs  o f the Course can be obtained fro m — 
THE REGISTRAR

D A N G E R O U S  G A S E S
IN  T H E  P E T R O L E U M  A N D  

A L L IE D  I N D U S T R I E S

A  s e r ie s  o f  1 6  P a p e r s  r e p r in t e d  f r o m  th e  

J o u r n a l  o f  the In stitu te  o f  Petro leum  

June and July, 1939

176 p p . 27 I llu stra tio n s and D ia g ra m s 
C loth Bound

7 s .  6 d .
(including postage)

Obtainable from  :—

T H E  IN S T IT U T E  O F P E T R O L E U M  
c/o TH E IM P E R IA L  C O L L E G E  OF SC IE N C E  &  TECHN OLOGY, 

P R IN C E  C O N SO R T  RO A D , LO N D O N , S.W . 7
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NEWMAN-MILLIKEN G LA N D LESS  
LUBRICATED PLUG VA LVES ON  
AN OIL DISTRIBUTION MANIFOLD

N ew m an-M illiken  Valves are 
deserved ly  popular w ith  oil 
field engineers because, un like  
all o th e r valves o f th is  type , the 
N ew m an-M illiken  em ploys a 
paralle l plug w h ich  is never 
raised from  its seating during 
op eratio n . Co nseq uen tly  no 
g rit  o r foreign m atte r can e n te r 
between the  valve seating s u r
faces and cause jam m ing o r 
" f re e z in g .”  N ew m an-M illiken  
Valves are made in a va r ie ty  of 
patterns and m etals su itab le fo r 
all oil field se rv ices, p a rticu la rly  
fo r "C h ris tm a s  t re e s ”  and mud 
lines up to  3,000 lbs. w o rk in g  
pressure per square inch . Full 
details gladly sent on request.

Sole Makers 
under licence 
excluding the 

U .S .A .

N e w m a n ,  h e n d e r  &  Co . Ltd.

M E T E R S  f o r  O I L ,  P E T R O L
A N D  O T H E R  P E T R O L E U M  P R O D U C T S
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FOR O IL-FIRED  FURNACES T.
i ■ ' 1

N E T T L E ” FIREBRICK
(42/44%  Alumina) 

T H I S T L E ” FIREBRICK
35/37%  (Alumina)
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E X P E R T S  I N  T H E  D E S I G N  &  F A B R I C A T I O N  O F

S C R U B B I N G  & 
F R A C T I O N A T I N G

At left, bubble-cap Fractionating 
Column designed for atmospheric 
or low vacuum operation, and tapped 
for drawing off distillate 
from each tray.

At right, liquid 
spray type of 
S c r u b b i n g  
Column, 6' 0 "  
dia. by 40' 0"  
h i g h ,  c o n 
s t r u c t e d  in 
mild steel.

W.J. FRASER & CO., LTD. 
DAGENHAM • E SSEX

. . t a s / f s . 26oKindly mention this Journal when communicating with Advertisers.



Lach m an  V apo u r  Phase 
T r e a t in g  P r o c ess

■ ■

LACHMAN TREATED sP,„t does „ot
require any inhibitor.

LACHMAN TREATING in 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

R e p r e s e n t i n g :

V A P O U R  T R E A T IN G  THE WINKLER-KOCH
P R O C E S S E S  IN C ., ENGINEERING CO.,

555, South Flower Street, 335, West Lewis Street,

Los Angeles CALIFORNIA Wichita KANSAS
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A n o t U e / i . . .

LUMMUS
*  llu A .o *v e

C R A C K I N G  U N I T
o f t e n . 1 8

Accepted. * , 
dcupL of
U w t io l

lor a major oil company Lummus recently completed a 
Lummus Combination Three-Coil Cracking Unit. . . viscosity- 
breaking, gas oil and heavy naphtha reforming.» » » Eighteen 
days after the unit was put on stream it was completely ac
cepted, having met all guarantees. The initial run was con
tinued to 25 days, when the unit was shut down for inspection 
purposes. » » » This recently completed unit — the ninth con
secutive Lummus Cracking Unit to be accepted during initial 
firing runs of 25 days or more — is equipped with Lummus 
Floor-Fired, Raised Hearth Heaters, with improved steam 
generation feature in the convection section. Provision is 
also made for steam generation from waste heat.

W . H .  J O N E S

Representing : THE LUMMUS COMPANY
70 Barn Hill, Wembley Park, Middlesex
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D R I L L I N G  M U D :
ITS MANUFACTURE  

A N D  T E S T I N G

By

P. EVAN S, B.A., F.G.S., M.Inst.Pet. 

and

A. REID, M.A., B.Sc., A.M.Inst.Pet.

Rep rin ted  from  Transactions of the Mining and 

Geological In st itu te  of India, Vol. 32 (1936)

Pp. 263 +  x x x ,  Paper C o vers

Price 2ls. post free 

(U .S .A . :  $4.25)

O b t a i n a b l e  f r o m  

T H E  IN S T IT U T E  O F PETROLEUM
c/o Imperial College of Science and Technology, 

Prince Consort Road, London, S.W.7
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SPEC iÀ L V ESSELS KINDS

0 U R  erection  fac ilitie s  th ro u g h o u t th e  w o rld  a re  unsurp assed .

The illu stra tio n  show s a Vacuum  Fra ctio n a tin g  C o lu m n  being 

lifted into position . O u r  W o rk s  are p a rt ic u la r ly  w e ll equ ipped 

for the construction  o f re-action cham bers , co k ing  cham b ers , flash 

cham bers, fractionating  co lum ns, s tr ip p e rs , e v a p o ra to rs , heat 

exchangers, condensers and all vesse ls inc luded  in o il re f in e ry  and 

treatm ent plants, d igesters fo r  pu lp m ills , e tc . A ll Bab co ck  

W elded Vessels are m anufactured  to  L L O Y D S ,  API-ASME, 
ASME, o r o th e r recognised codes and are  su b jec t to  in sp ectio n  by 

all the leading insurance com panies o r  o th e r  o ffic ia l bodies.

BABCO CK & W IL C O X  L T D . M
Kindly mention this Journal when communicating with Advertisers.
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W H E S S O E
C h i c a g o  B r i d g e

EVAPORATION SAVING 
EQUIPMENT

W IG G IN S  F L O A T IN G  R O O F S , H O R T O N S P H E R O ID S , etc .. 
L ic e n se e s  jo in t ly  w ith  th e  M o th e rw e ll B rid g e  & Engineering 

Co . L td . M o th e rw e ll. S c o t la n d  from  th e  C h icag o  Bridge 
& Iron  C o m p a n y .

THE WHESSOE FOUNDRY & ENGINEERING 
COMPANY LIMITED

H E A D  O F F I C E ,  D A R L I N G T O N
L O N D O N  O F F I C E  ( T e m p o r a r y  A d d t e a )  

P O T T E N  E N D  B E R K H A M S T E D .  H E R T S .
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