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THE APPLICATION OF FREE ENERGY EQUA­
TIONS TO THE STUDY OF THE SYNTHESIS 
OF HYDROCARBONS FROM CARBON MON­
OXIDE AND HYDROGEN.*

By W . W . M y d d le t o n , D .S c ., F.R.I.C., F.Inst.Pet.

Sy n o p s i s .

Equations have been derived relating freo enorgy of reaction to tempera­
ture in the synthesis of a series of gaseous hydrocarbons from carbon mon­
oxide and hydrogen.

In building up these equations molecular heat-temperaturo curves were 
drawn for each reactant and product and molecular heat-temporature 
equations were fitted over the range 25—250° C., existing oquations being 
generally unsatisfactory for the tomperaturo range covering synthesis. Somo 
use has been made of molecular heat and entropy values calculated from 
statistical and spectroscopic data.

The suppression of reactions in which carbon dioxide is formed, in spite 
of freo energy changes favourable to them, is attributed to special conditions 
prevailing at the catalyst surface.

The appearance of traces of ethylene amongst the products of synthesis 
instead of appreciable quantities predicted by the free energy relationships 
is accounted for by the incorporation of ethylono actually formed into the 
building up of hydrocarbon chains.

The possibility of increasing the yields of isobutane and isobutene is con­
sidered worthy of attention. The formation of aromatic hydrocarbons 
requires a special orientation of reactants on the surface of the catalyst, and 
tho probability of the necessary conditions occurring is slight.

T h e  G a s e o u s  H y d r o c a r b o n s .

The symbols employed are in accordance with the Joint Report of the 
Chemical, Faraday, and Physical Societies, 1937.

T h e  F r e e  E n e r g y  E q u a t io n s  a n d  T h e ir  U s e s .

In a study of the thermal characteristics of a reaction such as wCO +  
(2w -f- 1)H2 =  C„H(2„ + 2) 4- wH20  the thermal data available may be 
assembled in the form

AH T =  AH0 +  AT +  B T 2 +  CT3 . . . . (1)

where AH T is the change in heat content during reaction at T° K . and 
AH0 may be regarded as tho change in heat content in hypothetical 
reaction at absolute zero. A, B and C are constants for a reaction 
producing any one hydrocarbon.

The application of equation (1) gives information necessary’ for the 
provision of adequate means of controlling the temperature in an exo­
thermic reaction. Its general usefulness can be extended by deriving 
from it an equation showing the change in free energy during the reaction.

* Received 17th February, 1942. Released by Censor May 1944.



We thus obtain a thermodynamical approach to a series of practically 
important questions such as the following :—

1. What operating conditions can most profitably be explored ?
2. Is any other product or any other type of reaction of the same 

order of thermodynamic probability as the main reaction we are 
considering ? When this is the. case there is always a danger, to be 
explored and provided for, of some alteration in working conditions 
or in the form of catalyst suddenly provoking a disturbance and 
perhaps producing undesirable products.

3. Can the non-occurrence of equally probable reactions be accounted 
for by a different mechanism at the catalyst surface, such that the 
conditions necessary for its accomplishment cannot be fulfilled in the 
prevailing circumstances ? The answer to this question may serve 
to evaluate the risk of undesirable complications dealt with in the 
previous question.

4. Do thermodynamical considerations show that some of the more 
desirable products can be formed in larger proportion 1

Such questions as these will be discussed with reference to the gaseous 
hydrocarbons which normally accompany liquid and solid hydrocarbons 
during synthesis from carbon monoxide and hydrogen.

For the development of equation (1) the constants A, B and C are 
derived from molecular heat-temperature equations for all the substances 
involved in the reaction. For each reactant and product an equation is 
obtained in the form Cp =  a +  bT +  cT2. Then by algebraically sum­
ming the molecular heats of the products and subtracting the sum of the 
molecular heats of the reactants we obtain ACp for the reaction.

Substituting in the equation and integrating we obtain

A, B and C in equation (1). The integration constant AH0 is evaluated 
by finding the value of &HT for some fixed temperature in the range for 
which the molecular heat equations are valid. This is readily done by 
employing the data on heats of combustion of the substances involved in 
the reaction.

Substitution from equation (1) in the thermodynamical equation
A£? -
T kH... followed by integration gives us the final free energy

equation

AG°t =  AH0 +  A 'T  In T  +  B T 2 +  C'T3 +  . . . +  IT  . (2)

The integration constant I can be evaluated in relatively few ways. 
The value of A m u s t  be found for some fixed temperature in the specified 
range. For this purpose the equation AGt =  — R T  In K  is not generally 
applicable to the reactions we are considering because the equilibrium 
constant K  is not often available. The most useful procedure is to apply 
the relation A0 T =  A — TA.Sy at T =  298-1° K ., where A££ is the 
sum of the molecular entropies of the products at 298-1° K . less the sum 
of the molecular entropies of the reactants.
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Previous thermodynamical treatment of the subject1 lias been marred 
by one or more of the following factors :—

A. Inaccurate thermal data such as heat of combustion, molecular 
heat at constant pressure, and entropy.

B. Lack of information on rates of reaction.
C. Lack of information on the difference between free energy 

change as normally calculated for conditions in which each reactant 
and each product is at atmospheric pressure, and, under the actual 
conditions of synthesis, when partial pressures arc far removed from 
atmospheric.

These difficulties have been considered in the order given.

A .I. The Heat of Combustion of Reactants and Hydrocarbon Products.

In recent years highly accurate data on heats of combustion have been 
provided by Rossini, Jessup and their co-workers.

A .2. Molecular Heat at Constant Pressure.

We are concerned with the conditions in the catalyst space, and mole­
cular heat values should therefore refer to gases and vapours. When we 
examine recorded experimental figures, we find very serious discrepancies, 
even in the case of such gases as the oxides of carbon. A  critical study of 
the methods employed in the observations reveals that, where possible 
sources of error have been reduced and when special refinements in 
apparatus or technique have been introduced, the values obtained are in 
good agreement with those calculated from the characteristic vibration 
frequencies of the molecules by the application of the Planck-Einstein 
equation.2

For such gases molecular heats have been calculated from what are 
considered to be the most reliable vibration frequencies recorded in the 
literature.

Calculation is as yet unsatisfactory in the case of the more complex 
gases. Not all of the characteristic frequencies of a complex molecule 
can be derived from the infra-red and Rainan spectra, the usual source 
of such information, and, in fact, experimental specific heat values have 
been employed to predict missing frequencies in ethylene3 and ethane.4 
Another kind of difficulty is found in ethane and in general in molecules 
containing a C-C bond. There is undoubted evidence of a restriction in 
the freedom of rotation about this bond, and until its magnitude has 
been ascertained we cannot calculate the molecular heat due to the internal 
rotations of the molecule.4-5

For hydrocarbon gases other than methane, therefore, the best experi­
mental values have been selected from the literature.

Method of Calculation. v
The contribution made to the molecular heat at constant volume by



214 MYDDLETON : THE APPLICATION OF FREE ENERGY EQUATIONS TO

each mode of vibration of the molecule was found by applying the Planck- 
Einstein equation in the form

Cvit) ~  R

e ° /0 \ 2
rW °

( » r -  1):
X (Degrees of freedom)

where R  is the molecular gas constant, taken here as 1-9863 cal.; e is the 
base of natural logarithms; 0 is the characteristic temperature of the 
vibration =  1-4327 x (Number of wave-lengths per centimetre).

The selection of characteristic frequencies from the spectra and the 
assignment to them of their appropriate degrees of freedom has become 
a highly specialized branch of science. An extensive examination of the 
data recorded in the literature has been made.

The total molecular heat at constant volume was obtained by adding 
the effects due to translation, rotation and vibration.

Type of molecule. c ,= — Ctram■+  r̂ot. +  Gvib.
Diatomic. c v = il tcJ-M Si + R  +  Cvii,
Triatomic linear.

C 02 type. c„ == -I It + It +  Cvib,
Triatomic non-linear. <

H20  type. c v %= m + 'At +  Cvib.
Polyatomic. CH4 type. Cv == 1« + 4R  +  Cm .

Calculation of Cp at atmospheric pressure.
Conversion of Cy to Cp at infinite dilution was obtained from the 

equation Cp == C\ -|- It.
The correction for increase in pressure to 1 atmosphere was made in 

the usual manner by assuming that the gas obeys Berthelot’s equation of 
state. Then if Pc and Tc are the critical pressure and temperature

<7 ,-1  =  ° P - 0  +  * [ i  +  §  x  F c x  @ 3] -

A .3. Molecular Heat Equations.
Many of the molecular heat equations in common use arc constructed 

for temperatures beyond the range in which we are interested. New 
equations have therefore been obtained fitting the graphs molecular heat- 
absolute temperature for each gas over the range 25° to 250° C.

A A. Evaluation of the Integration Constant AII0.
The value of the integration constant AH 0 in the free energy equation (2) 

can be found from equation (1) when we find ¿\HT at some definite tem­
perature within the specified range for which the molecular heat equations 
have been constructed.

Heats of combustion afford the means of doing this, and as they are 
usually reported for 298-1° K ., this temperature is used for determining 
AIIT. Reported values account for any water formed in the liquid state.
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We must therefore take into account the latent heat of vaporization of 
water at 298-1° K.

A .5. Molecular Entropy.
The experimental determination of entropy involves the measurement 

of specific heat down to temperatures preferably below 10° K ., and there­
after a graphical extrapolation to absolute zero. The method of extra­
polation has been simplified by Kelley, Parks and Huffman.6 The latent 
heat appropriate to any change in state or form between absolute zero 
and 298-1° K . must be measured and used in the calculation.

The difficult procedures in the determination make it desirable to com­
pare experimental values with those calculated for the simpler types of 
gas from statistical and spectroscopic data.

Important discrepancies between the two sets of values in the cases of 
carbon monoxide, water vapour and hydrogen require investigation before 
we decide to adopt any particular figure.

Entropy of Carbon Monoxide.
If the assumption is made that the molecule behaves as though it were 

unsymmetrical in the crystalline solid, the entropy due to rotation is 
11-375 entropy units, and the total entropy of the gas at 298-1° K . is 
47-298' E.U. The experimental value reported by Clayton and Giauque 7 
is 46-22 E.U.

There is some independent experimental evidence that the molecule 
behaves as though it were symmetrical. I f this were the case, the 
rotational entropy would be 9-998 E.U. and the total entropy at 298-1° K. 
would be 45-92 E.U. The value taken for the calculation of free energy 
is the mean value of 46-07 E.U.

Entropy of Water Vapour.
The calculated value is =  45-09 E.U. Direct experimental

methods according to Giauque and Stout8 gave Sgfe* =  44-28 E.U. A 
suspicion of randomness in the ice crystals led to an indirect method in 
which Giauque and Archibald 9 studied the reaction Mg(OII)2 =  MgO +  
H20 . This method gave SfgSI =  45-10 E.U.

Entropy of Hydrogen.
The experimental determination by Giauque 10 gave SjMll =  29-69 E.U. 

Erom statistical and spectroscopic data Giauque11 calculated Soaai — 
31-23 E.U. The discrepancy has been accounted for by Moehvyn Hughes 12 - 
as being due to a difference between the entropies of ortho- and para- 
hydrogen. The entropy of the equilibrium mixture is calculated to be 
29-59 E.U. from statistical and spectroscopic data.

The evidence at first sight appears to favour the adoption of the lower 
figure. It is, however, improbable that the same equilibrium mixture is 
concerned in synthesis. Furthermore, we can derive a value for the 
entropy of hydrogen from the free energy of the reaction H 2 +  ^ 02 =  H ,0  
for which four different methods give =  — 54,507 cal. as an
average.13 Assuming for water vapour tS^-i =  45-10 E.U. and for oxygen 

— 49 07 E.U. we derive for hydrogen Sfgg.! =  31-79 E.U.
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The conditions under which the free energy of formation of water was
determined appear to exclude the possibility of normal equilibrium mixture 
of ortho- and para-hydrogen being involved.

The value 31-23 E.U. has been adopted.
, The entropies of gases are usually referred to standard conditions at 

298-1° Iv. and 1 atmosphere pressure and, furthermore, the gas is assumed 
to be in the ideal state in which the fugacity is also 1 atmosphere. When 
the gas is not ideal a correction can be applied by assuming, for example, 
Berthelot’s equation of state. A gas obeying this law has an entropy

The correction is negligibly small for the gases and pressure and tem­
perature conditions we are investigating.

For hydrocarbons other than methane the best experimental entropies 
have been adopted.

B. Rale of Reaction.
A  method has been described for the measurement of the time of con­

tact, and hence the rate of reaction under the conditions of gas flow of 
practical synthesis.15 Observations will be given on the rate of formation 
of methane and carbon dioxide.

C. Correction to be Applied, to Free Energy of Reaction for Differences in

Free energy equations such as (2) are based upon the assumption that 
each gaseous product and reactant exerts a pressure of 1 atmosphere. 
We can estimate the approximate correction to be made for the actual 
conditions operating during synthesis.

For this purpose it has been assumed that blue water gas is used for 
synthesis and that 75 per cent, of the available carbon monoxide is con­
verted into a single hydrocarbon at 200° C. and at a total pressure of 1 
atmosphere. The partial pressures of reactants and products in the 
residual gas have been calculated for these conditions.

From the equation

where the suffix 1 relates to the standard pressure of 1 atmosphere and x 
to the actual condition, we obtain

lower than that of an ideal gas 14 by R

Pressure.

'i
(3)

Gx -  <?! =  R T l n j f
l

and for the general reaction

nCO +  (2„ + x)H2 — C„H2n + 2 +  «HgO . . .  (4)n1A2n + 2
we have
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For the conversion of 1 gram molecule of carbon monoxide in a reaction 
of this type the following values of Gx — G1 have been calculated :—

Hydrocarbon formed. Correction, calories.

Methano . . . . 2415
Ethano . . . . . 2232
Propane . 2255
Butanes . . . . 2264

Ethylene . . . . 2005
Propyleno . . . . 2092
Butones . . . . 2127

There is an alternative typo of reaction in which carbon dioxide is 
formed instead of water.

2?iCO -f- (n "f* 1)H2 =  CnH 2,, + 2 +  nC02 

For this type of reaction the corrections are

(6)

Hydrocarbon formed. Correction, calories.

Methane . . . . 1413
Ethano . . . . . 1093
Propane . . . . 1070
Butanes . . . . 1090

Butenes . . . . 1010

The gases have been assumed to obey the ideal gas laws, but the 
replacement of partial pressures by fugacities makes no significant altera­
tion at the low pressures concerned.

Tables of Data Employed.

T a b l e  I.

Statistical and Spectroscopic Data.

Gas. Degree of 
freedom. Reference.

Carbon monoxide 
Hydrogen

Carbon dioxide 

Water vapour .

Methane .

3080
6017

956
1914
3367
2286
5158
5382
1870
2182
4182
4311

16
17

18

19

20
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T a b l e  II.
Molecular Heat at Constant Pressure, 1 atm. 

Constants for equation Cp — a -f- bT +  cT- +  dT3.

Gas. a. 6 X  103. c  X  10». d X 10“ .
Refs, for 

oxpt. values 
used.

Carbon monoxido 6-936 -  0-01 -  0 -08 +  1-625 _
Hydrogen * 6-956 +  0-07 — — '  —
Carbon dioxido . 5-79 +  11-0 -  2-0 — —
Wator vapour f . 9-197 -  5-3 +  6-36 +  3-0 —
Methane f 4-50 +  13-3 — — —
Ethane 3-80 +  30-0 — — 21
Propane . 8-512 + 3 1 -3 7 5 — — 22
Butane (n) 10-89 +  40-0 +  2-0 — 23
Butano (iso) 11-95 +  30-0 +  20-0 — 23

Ethylene . 3-9 +  22-0 _ __ 21
Propylene 3-972 +  37-23 — — 23
Butene (I) 4-61 +  51-3 —  , — 23
Butene (iso) assumed . 4-61 +  51-3 — — —

* In calculating tho molecular heat of hydrogen the correcting term 0-000,08P was 
added.24

t Wilson 35 has shown that correction should bo made here for distortion of tho 
moloculo by adding 2pRT. For water p =  2-04 X 10-s and for methane p =  1-72 x 
10~5. Tho corrections have been appliod.

T a b l e  III.
Standard Molecular Entropy at 298-1° K.

Gas. 'Ssis-i
obs. Refs. 2̂08-1

calc. Rofs. *̂ 298-1
adopted.

Carbon monoxido 46-22 E.U. 7 45-92 E.U. — 46-07 E.U.
47-30 *

Hydrogen . 29-69 10 31-23 11 31-23
29-59 t 12

Carbon dioxido . 51-11 26 50-83 — 51-00
51-07 t 27

Water vapour 45-10 9 45-09 — 45-10
44-28 8

Methane § . 43-95 28 44-46 31 44-48
43-39 29 44-64 32
44-60 30 44-35 33
44-34

Ethane 54-85 34 _ _ 54-85
Propane 64-70 35 -- _ 64-70
Butano (») . 75-80 1 75-80
Butane (iso) 70-00 \ ob /  70-00

Ethylene 52-48 37 _ _ 52-48
Propylene . 63-10 38 -- -- 63-10
Butene (1) . 72-50 } QO \ 72-50
Butene (iso) 69-00 s ó y /  69-00

* Assuming moleculo asymmetric in solid.
t  Corrected for equilibrium mixture ortho and para forms.
1 Different moment of inertia taken. More accurate method of calculation 

employed.
§ The first two experimental yalues quoted contained integration of Eastman’s 

equation for molecular heat of methane. This equation is not accurate for the 
temperature range. Correction of second value gives tho fourth value.
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Heat of Combustion Employed, 298-1° K ., 1 almos.

Gas. Heat of combustion, 
g. cal. per g. mol Refs.

Carbon monoxide 67,636 40
Hydrogen (H20  liq.) . 68,318 41
Hydrogen (HaO vap.) 57,877 * 42
Methane (H20  liq.) 212,790 43
Ethane (H20  liq.) 372,810 44
Propane (H20  liq.) 530,570 45
Butane (n) (H20  liq.) 687,940 44
Butane (iso) (H20  liq.) 686,310 45

Ethylene (II20  liq.) 337,280 46
Propylene (I120  liq.) . 491,820 46
Butene (1) (H20  liq.) . 649,660 40
Butene (iso) (HaO liq.) 647,200 41

* From latent heat of vaporization.
The latent heat of vaporization of water at 298-1° K . has boon takon as 10,441 

cal. per mol.4’
T a b l e  V .

Free Energy Equations for Reactions of the Type 
nCO +  (2n +  I)H2 =  C„H,„ + J +  nH20  (25-250° C.).

General equation A0 T =  AH 0 +  A T  In T  +  B 3”  +  CT3 +  D2’4 . . . +  IT.

Hydrocarbon
formed.

A H0 
X 10-’ . A. B X 10’ . C x  10«. D X 10'°. I.

Methane . -  45-560 14-107 -  3-90 -1 -0 8 -1 -2 -41-680
Ethane -  76-249 26-458 -  9-54 -2 -1 5 -2 -3 -67-690
Propane — 110-13 33-397 -  7-51 -3 -2 2 - 3 - 4 -61-486
Butano (n) -144 -05 42-671 -  9-11 -4 -6 3 -4 -6 -69-913
Butane (iso) -145-708 41-610 -  4-11 -7 -6 3 -4 -6 -59-081

Ethylono . — 45-212 19-402 -  5-57 -2 -1 5 -2 -3 -51-643
Propylono -  81-547 30-981 -1 0 -4 7 -3 -2 2 -3 -4 -73-165
Butene (1) -114-702 41-994 -1 4 -7 9 -4 -3 0 -4 -0 -90-010
Butono (iso) -117-162 41-994 -1 4 -7 9 -4 -3 0 - 4 - 6 -86-510

T a b l e  V I .
Free Energy Equations for Reactions of the Type 

2nCO +  (n +  1)H2 =  CnH s„ + 2 +  nC02 (25-250° C.).

Hydrocarbon
formed.

A H 0 
X 1 0 - ’ . A. B X 10». C X  10«. D X 1 0 10. I.

Metliano . -  54 -955 17-494 - 1 2 - 0 9 +  0-32 +  2-7 -  50-950
Butano (n) - 1 8 1 - 6 5 1 56-218 - 4 1 - 8 7 +  0-90 +  11-0 - 1 0 6 - 8 9

Relative Values of Terms Involving B, C and D. 
For the equations in Tables V  and VI terms in D contribute less than

0-1 per cent, to the total free energy. D and C terms together contribute 
less than 2 per cent. D, B and C together contribute less than 10 per 
cent.



m T a b l e  VII.
Molecular Free Energy of Formation of Oaseous Hydrocarbons from Carbon 

Monoxide and Hydrogen.
A. Reaction in which water vapour is formed.
IS. Reaction in which carbon dioxido is formed.
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Hydrocarbon. Reaction. O298-1,
g.-cal.

Q*73\t
g.-cal. g.-cal.

Methane . . . . A -  3-1,401 -2 5 ,1 6 5 -2 5 ,1 6 5
Methane . . . . B -  41,495 -30 ,7 38 -1 5 ,3 6 9
Ethane . . . . A -  52,395 -3 3 ,5 4 0 -16 ,7 70
Propane . . . . A -  72,493 -4 3 ,9 3 8 -1 4 ,6 4 6
Butane (n) A -  93,355 -5 5 ,3 3 8 -1 3 ,8 3 4
Butane (n) B -121 ,730 -7 7 ,6 8 2 — 9,710
Butane (iso) A -  93,254 -5 4 ,3 7 3 -13 ,5 93

Ethylene A -  28,209 -1 4 ,5 9 5 -  7,298
Propylene A -  51,756 -2 8 ,5 8 2 -  9,527
Butene (1) A -  71,641 -3 8 ,6 9 9 -  9,675
Buteno (iso) A -  73,059 -39 ,5 05 -  9,876

* Per g.mol. CO converted.

Discussion of Free. Energy of Reaction.
The high negative values of the molecular-free energy of the reactions 

and the slope of the free energy vs temperature curve show that the lower 
limit of temperature will be determined by the rato of reaction. A more 
active form of catalyst would allow of lower working temperatures.

Formation of Carbon Dioxide.
The reaction in which carbon dioxide is formed has a higher negative 

free energy than the reaction producing water. It would therefore be 
expected to accompany the reaction in which water is formed. In the 
normal working of the synthetic process with nickel and cobalt catalysts 
the production of carbon dioxide is suppressed, but it can bo initiated 
and allowed to replace the water-forming reaction by raising the tem­
perature five to ten degrees above the optimum point. In the intermediate 
stages both carbon dioxide and water are produced, and methane appears 
in amount about equivalent to the carbon dioxide formed. With the 
entire suppression of water formation, methane is practically the only 
hydrocarbon to be made.

The elimination of the carbon dioxide reaction cannot be accounted for 
by a low rate of reaction. Aiclier, Myddleton and Walker 15 have shown 
that on a nickel catalyst at about 180° C. the rate of conversion of carbon 
monoxide, present in water gas, into higher hydrocarbons and water is in 
the region of 20 normal litres per litre of catalyst space per hour.

A  quantity of the same catalyst in an aluminium tube controlled at 
180° C. by an electrically heated and controlled aluminium block produced 
methane and carbon dioxide from the time blue water-gas was admitted 
for an observed period of ten days. The flow of gas was maintained at 
the rate of approximately 100 litres per hour for a catalyst volume of 
200 c.c. The inlet and outlet gases averaged :—
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Inlet,
vol.-% .

Outlet,
vol.-% .

From 100 vols, inlet.

Consumed,
vols.

Produced,
vols.

co„ . . . . 2- 9 30-5 _ 18-9
defines . . . . nil 0- 2 _ __
CO . . . . 40-8 1-3 40-0 _
CH4 . . . . 2-4 36-7 _ 19-5
h 2 ............................................. 48-4 15-4 39-2 —
N , (cliff.) 5-5 9-9 — —

• 100-0 100-0

The contraction in volume was 40-3 per cent.
One litre of catalyst space thus converted 200 litres of carbon monoxide 

per hour into methane and carbon dioxide.
The catalyst was found to contain about 0-5 per cent, free carbon after 

the reaction.
These facts point to different mechanisms in the two types of reaction. 

A similar conclusion was reached by Craxford 47 from a study of the rates 
of formation and reduction of cobalt carbide, assumed to be formed as an 
intermediate during synthesis with cobalt catalysts, by reaction of the 
metal with carbon monoxide and hydrogen.

O

9 + h 2 9
Co— Co— Co — >  Co— Co— Co +  H 20

The formation of higher hydrocarbons and water is accounted for by 
reaction between the carbide and molecular hydrogen. The formation of 
methane is assumed to be due to reaction of the carbide with chemi- 
sorbed hydrogen, while carbon dioxide is produced by the process CO +  
H20  =  C 02 -f- H 2. When higher hydrocarbons and water are formed, 
long-chain molecules are built up from methylene groups, the immediate 
reduction products of the carbide, and are broken down into lower- 
molecular-weight hydrocarbons by chemi-sorbed hydrogen.

On this basis the behaviour of iron catalysts is anomalous in many 
ways. When they form higher hydrocarbons they produce carbon dioxide 
simultaneously to the exclusion of water.48 Furthermore, the hydro­
carbons have a much higher average molecular weight than those formed 
on nickel and cobalt catalysts.

It appears possible to account for the behaviour of all three catalysts 
by assuming that when carbon monoxide is adsorbed by dual attachment 
at adjacent atoms on the catalytic surface, water is formed by subsequent 
reaction with molecular hydrogen. Methylene groups are formed at the 
same time, and give rise to hydrocarbon chains. When carbon monoxide 
is adsorbed by single attachment, molecular hydrogen produces methylene 
groups and carbon dioxide. The methylene groups may be converted 
into methane by the action of chemi-sorbed hydrogen.

The difference in spacing of the metallic atoms in iron catalysts may



account for absence of dual attachment of carbon monoxide in this case. 
Experimental evidence is being sought.

The view has been expressed by H. S. Taylor 49 that at 270° C. carbon 
monoxide attaches itself to nickel catalysts in the form of Ni3C and NiO. 
For the purpose of the present discussion it is not necessary to assume 
that the bond energy between carbon and nickel is sufficiently high to 
give rise to carbide. The carbon would be more .reactive i f  this were not 
the case.

Formation of Ethylene.
On purely thermodynamical grounds we should expect much more than 

the traces of ethylene normally produced. Typical figures obtained during 
the treatment of 3000 cu. ft. of blue water-gas per hour at approximately 
200° C. are

Carbon converted to ethylene trace
_  ,. Carbon to propylene . _
Ratio -r — u— t1— —  1'3Carbon to propane
„  ,. Carbon to butene _ _
Ratio h—r    2-2Carbon to butane

The free energy values point to a decline in the ratio from C4 to C2 with 
an appreciable formation of ethylene. The difference in the rates of 
hydrogenation of propylene and ethylene is insufficient to explain the 
absence of ethylene. We therefore seek the explanation at the surface of 
the catalyst.

It was demonstrated by Smith, Hawk and Golden 50 that when ethylene 
is admitted along with carbon monoxide and hydrogen, a substantial part 
of it is used up in the formation of higher hydrocarbons. Twigg and 
Rideal 51 showed that ethylene is "adsorbed on the surface of a nickel 
catalyst by dual attachment on adjacent nickel atoms in the 110 and 111 
planes of the face-centred cubic crystals. Herington therefore accounts 
for the incorporation of ethylene in the synthesis of higher hydrocarbons 
by assuming that synthesis normally occurs on the same planes.52

* Formation of Branched-chain Hydrocarbons.
The free energy relationships point to the formation of appreciable 

quantities of these hydrocarbons. Schaarschmidt and Harder 53 found 
33 per cent, iso-paraffins in the paraffinic constituents of the synthetic 
gasoline,fraction, and Koch and Hilbcrath 54 reported analyses showing 
presence of such compounds as 2-methyl butane, 2-methyl pentano, 
3-methyl hexane, 3-methyl butene-1, 3-methyl pentene-1, 4-methyl 
pentene-1, 4-methyl hexene-1, and 5-methyl hexene-1. Little work has 
been carried out on the C4 fraction.

As a preliminary to a systematic investigation of the C4 fraction, samples 
were obtained by fractionation in a Podbielniak column. The light 
hydrocarbon fraction from which it was derived came from the treatment 
of blue water-gas on a cobalt catalyst. A C4 sample was treated with 63 
per cent, sulphuric acid according to the method of Dobryanskii.55 The 
absorption, assumed due to ¿.sobutylene, was 14 and 16 per cent, in two
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cases. According to the method of Frey and Yant,56 in which absorption 
in a mixture of 2 vols. II2S 04 (sp. gr. 1-84) and 1 vol. water is measured, 
10 and 19 per cent, isobutylenc was found.

The possibility of formation of aromatic hydrocarbons during synthesis 
may be considered to require an orientation of molecules at the surface 
of the catalyst whioh is ruled out by the conditions prevailing, particularly 
when dual attachment of the carbon monoxide molecule is involved in 
the mechanism of synthesis. No such special orientation is required for 
the production of branchcd-clmin hydrocarbons of the paraffin and olefinc 
series.

In view of the importance of isobutane and isobutene as material for 
the production of motor spirit of high octane number and as material for 
chemical transformations for other purposes, a systematic investigation 
is planned to determine whether by modification of catalyst or in mode 
of operation the yield of these substances can be increased.

References.

1 (a) Smith, D. F., Industr. Engng Chem., 1927, 19, 801; 1928, 20, 859; Brennstoff-
Chemie, 1928, 9, 249. (b) Tropsch, Brennstoff-Chemie, 1927, 8, 370. (c) Francis,
Industr. Engng Chem., 1928, 20, 277, 283.

2 Einstein, Ann. Phys., 1907, 22, 180.
3 Eucken and Farts, Zeits. phys. Chem., 1933, B, 20, 184.
1 Kornp and Pitzer, ./. Chem. Phys., 1930, 4, 749.
5 (a) Howard, Phys. Rev., 1937, 51, 53. (b) Eyring, J. Amer. chem. Soc., 1932, 54,

,3191.
“ Kelloy, Parks and Huffman, J. Phys. Chem., 1929, 33, 1802.
7 Clayton and Giauque, J. Amer. chem. Soc., 1932, 54, 2010.
8 Giauquo and Stout, ibid., 1936, 58, 1144.
* Giauque and Archibald, ibid., 1937, 59, 561.

10 Giauquo, ibid., 1930, 52, 4808.
11 Idem, ibid., p. 4825.
12 Moolwyn Hughes, “  Physical Chemistry,”  Camb. Univ. Press, 1910, p. 427 ff.
13 I.owis and Randall, “  Thermodynamics,”  McGraw-Hill, N .Y., 1923, p. 485.
14 Giauquo and Weber, J. Amer. chem. Soc., 1928, 50, 101.
15 Aicher, Myddleton and Walker, J. Soc. chem. Ind., 1935, 54, 317t.
10 Mecko, Z. Physik, 1927, 42, 390.
17 Itnsotti, Nat., 1929, 24, 93; Phys. Rev., 1929, 34, 307.
18 (a) Barker and Adel, Phys. Rev., 1933, 44, 185. {b) Bartlolcmo, Z. phys. Chem.,

1933, B, 23, 152. (c) Fermi, Z. Physik, 1931, 71, 250. (d) Houston and Lewis,
Proc. Nat. Acad. Sei. U.S.A., 1931, 17, 229. (e) Longreth and Nielsen, Z. phys.
Chem., 1932, B, 19, 427. (/)  Martin and Barker, Phys. Rev., 1932, 41, 291.
(r,) Rasotti, Nat., 1929, 123, 205. (h) Wiorl, Ann. Phys., 1931, 8, 529; 1932,
13, 453.

19 (a) Mecke, Z. Physik, 1933, 81, 313, 445, 465. (6) Johnston and Walker, Phys.
Rev., 1932, 39, 535. (c) Pylcr and Sleator, ibid., 1931, 37, 1493.

20 (a) Bhagavantam, Nat., 1932 129, 830. (i>) Bonhoeffer and Farkas, Z. phys. Chem.,
1928, 134, 337. (c) Dennison, Astrophys. J'., 1925, 62, 84. [d) Dickinson, Dillon,
and Rasetti, Phys. Rev., 1929, 34, 586. (e) Ginsberg and Barber, J. Chem. Phys.,
1935, 3, 668. (/)  Ludolph, Phys. Rev., 1931, 39, 932. (g) Wilson, J. Chem.
rhys., 1936, 4, 526.

21 Euckon and Parts, Z. phys. Chem., 1933, B, 20, 184.
22 Sago, Webster and Lacey, Industr. Engng Chem., 1937, 29, 1310.
23 Beeck, J. Chem. Phys., 1936, 4, 681.
21 Eucken, 1 Vien-Harms. Handbuch d. Exper. Phys., 1929, 8 (1), 440.
25 Wilson, . / . Chem. Phys., 1936, 4, 526.
28 Giauque and Egan, ibid., 1937, 5, 45.
27 Badger and Woo, J. Amer. chem. Soc., 1932, 54, 3523.
28 Parks and Huffman, “  Free Energies of Some Organic Compounds,”  Chem. Catalog

Co., U.S.A., 1932.
29 Storch, J. Amer. chem. Soc., 1931, 53, 1268.



224 MYDDLETON : THE STUDY OF THE SYNTHESIS OF HYDROCARBONS.

30 Kolloy, U.S.A. Bur. Mines Bull, 1932, p. 350.
31 MacDougall, Phys. Rev., 1931, 38, 2074.
33 Knssol, ,/ .  Chcm. Phys., 1936, 4, 276.
33 Giauquo and Ovcrstrcot, Phys. Rcv., 1931, 38. 196.
34 Witfc and Komp, J . Amer. chcm. Soc., 1937, 59, 273.
33 Parks, Chcm. Rcv., 1936, 18, 325.
30 Parks, Shomato, Kennedy and Crawford, J. Chcm. Phys., 1937, 5, 359.
37 Clark, Egan and Kemp, ,/. Amer. chcm. Soc., 1937, 59, 1264,
38 Ref. 28, p. 81.
33 Todd and Parks, J. Amer. chcm. Soc., 1936, 58, 134.
40 Rossini, J. Res. Bur. Stds. U.S.A., 1939, 22, 407.
41 Idem, Chcm. Rev., 1940, 27, 1.
43 Bryant, Industr. Engng Chem., 1931, 23, 1019.
43 Rossini, J. Res. Bur. Stds., 1931, 6, 49.
44 Idem, ibid., 1934, 12, 735.
43 Idem, ibid., 1935, 15, 357.
40 Idem, ibid., 1937, 19, 342.
47 Craxford, Trans. Faraday Soc., 1939, 35, 946.
48 Fischer, BrennstoJJ-Chemie, 1930, 11, 489.
49 Taylor, II. S., J. Amer. chem. Soc., 1931, 53, 593.
30 Smith, Hawk and Golden, ibid., 1930, 52, 3221.
31 Twigg and Rideal, Trans. Faraday Soc., 1940, 36, 533.
33 Herington, ibid., 1941, 37, 361.
33 Schaarschmidt and Mardor, Brennstoff-Chemie, 1932, 13, 412.
34 Koeh and Hilborath, ibid., 1941, 22, 145.
33 Dobryanskii, Petroleum Domain, 1925, 9, 574.
34 Frey and Yant, Industr. Engng Chem., 1927, 19, 488.



225

FRACTIONAL DISTILLATION OF BINARY MIX­
TURES. SIMPLIFIED COMPUTATION OF THEO­
RETICAL PLATES AND TRANSFER UNITS.

By A. J. V. U n d e r w o o d , D.Sc., MJ.Chem.E., A.M.I.Mech.E., 
F.R.I.C., F.Inst.F., F.Inst.Pet.

*
S u m m a r y .

Equations, in convenient form for numerical computation, aro derived for 
tho number o f theoretical plates or transfer units required for tlio separation 
o f binary mixtures o f normal volatility. When the top or bottom product 
contains only a small amount of dno o f tho components, computation can bo 
simplified by using certain approximate equations which give satisfactory 
accuracy. By a simple transformation a calculation for a stripping column 
can be converted into ono for a rectifying column.

In a previous paper 1 equations were derived for the number of transfer 
units required for the fractionation of a binary mixture, in which the 
components follow Raoult’s law and the relative volatility is constant. It 
was also shown there that these equations, as well as a modification of the 
equation published by Smoker 2 for the number of theoretical plates, can 
be used to convert any separation with finite reflux into an equivalent 
separation with total reflux. Computation of a numerical example is 
however rather laborious when using these equations either for transfer 
units or theoretical plates. This is particularly the case for separations 
in which the top or bottom product contains only a small amount of one of 
the components. It will be shown that equations can be derived which 
offer considerable advantage in these respects.

N u m b e r  of  T h e o r e t ic a l  P la tes

By making use of a property of the rectangular hyperbole, an equation 
for the number of theoretical plates can be derived quite simply. In Fig. 1

jA.CC
is shown part of a rectangular hyperbola, y  =  „  , which passes through

xS "T* •I'
the origin 0 and has asymptotes x =  — B  and y  — A  parallel to the axes 
of co-ordinates. A line through the origin, y  =  mx, intersects the hyper­
bola again at L. A  line parallel to OX  intersects the hyperbola at P  and 
tho line OL at Q. The co-ordinates of P  are (aq, y x) and those of Q are 
(*o> Vi)-

A x, , , .
Then mx6 =  y x =   (L

If the abscissa of L  is I, then

ml
Al 

B  +  l
(2 )
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Dividing equation (1) by equation (2),

xo  H~ I)
I l(B +

a;0 Xl(B +  I)
I — x0 B(l — aq)

This ratio is therefore constant for any pair of points such as P  and Q 
determined by any horizontal line such as N M . From equation (2),

B + l  _  A_
B  Brn

The slope of the tangent at a point on the hyperbola is given by 
dy _  A B  , dy A
dx ~  (B +  x ?  d x ~  B

when x =  0. The constant is therefore equal to , where 6  is
Bm 1 . tan 6 r

the angle between the tangent to the hyperbola at 0 and the x  axis and 6
is the angle between the line OL and the x  axis.

Fio. 1.



This is also evident from the following derivation :

*0 Vj.
I — x0 aq (I —- aq)

xi ~~ lh ' ~  xo)
I — aq a;0

As the line N M  approaches the x axis and the points P  and Q approach 0 ,
Z — ££ If

aq and xQ become small and   -1 becomes unity in the limit. — is

the tangent of the angle between the line OP and the x axis. When P  
and 0  coincide, the line OP becomes the tangent to the hyperbola at 0 .

— is the tangent of the angle between OL and OX. As the ratio 
x0

xo
I ' xa

xi
I — aq

is constant for any two points such as P  and Q, it is equal to the value

when P  and Q coincide with 0 — i.e., .tan 0
Equation (3) may therefore be written :

xo NQ
I — x0 _  QM __ tan <j> ., .
~aq ~NP ~  tan~0 ............................U
I -  x 1 P M

OLX i • l  *
Fig. 2 shows the usual equilibrium curve y =   ̂ q, (a )x ( 18

a rectangular hyperbola with asymptotes parallel to the axes) and an 
operating line y  =  mx -f- b cutting the equilibrium curve at O' and L, the 
abscissas of which are kx and k2 respectively. P 0 and P  are points repre­
senting the compositions on two adjacent plates with abscissa; x0 and aq 
respectively. All co-ordinates now refer to the usual origin 0.

It has been shown that
NQ
QM  tan <f>
N P  — tan 0 
P M

xo ^1
• g ^2 xo _tan <j>

’’ aq — k± tan 6

h  ~  xi
$ is the angle between the tangent to the equilibrium curve at O' and the 
x axis. Now

dy _______ « _____
dx {1 -f- (a — l)x}2

T
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0  ' *
Fia. 2.

If x0, xv  x2 . . .  xn represent compositions on successive plates in the 
column, then similarly

* 2 - A

___ ^ 2 X 2

X 3 ^ 1

¿ 2 - * 3
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and for x — klt

tan <f> =

where c =  1 +  (œ — l)&i- 
Also tan 0 =  m.

a a

{1 +  ( a - - l ) ^ } 2 C2’

*0 - A
^2 i o« II a

— k1 VIC2

^2 ~ xi
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Therefore, by successive multiplication :

x0 - h
k2 - 1

Iff

Zn ~ K
k2 -

(  “or ( — ,
Vmc

V  =  (*̂ 0 ^*lX^2 Xn) ICS
y  (xn ~ k j ( k z ~ x 0) ............................w

which gives the number of theoretical plates required to pass from .r0 to xn. 
For total reflux, k± =  0, k2 =  1, c =  1 and m =  1 and equation (5) reduces 
to the well-known form, n becomes infinite when xn — Aq or x0 =  k2, 
representing the intersection of the operating line with the equilibrium 
curve for a rectifying column or a stripping column respectively.

In the previous paper 1 the equation derived by Smoker 2 was converted 
into a form which may be written :

— ^  . . . .  (6) 
Vmc2/  *,,(! — x„)*n(l -  *o)

where xQ — ----- y1 and x"n =  ~  f 1.
fi/2 “  \ 2 1

Substituting these values in equation (6) then gives equation (5), which 
may also bo -written :

71. log — 2 =  log \p  -  . . . .  (7)
77ZC

This is a convenient form for computation. kx and k2 must first be found 
either graphically by drawing the operating line and noting its intersections 
with the equilibrium curve, or analytically by solving for the abscissae of 
the points of intersection from the equation :

mk +  b 1 +  (a -  1 )k

or 77i(a — 1)&2 - f  {m +  b(<x — 1) — a)k -f- b =  0 . . . (8)

which is the equation originally given by Smoker.2
It should be noted that k1 is the lesser root of equation (8) and k2 is the 

greater root. An operating line for a rectifying column will give a value 
of k1 between 0 and 1, while k2 will be greater than 1. For a stripping 
column Aq will be negative and k2 will lie between 0 and 1. It should be 
noted that this convention is different from that used by Smoker, who 
does not use the root k2, and denotes as k that root of equation (8) which 
lies between 0 and 1 for both a rectifying and a stripping column.

There is another simple proof of the relation given by equation (4a), 
which can be written in the form :

( s 0  ^ 1 X ^ 2  ^ 1 )   7

(x1 — &1X&2 *0) ,
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where d is a constant. The relation between xQ and xv  as derived from 
the equilibrium curve and the operating line is :

mx0 +  b =
1 +  ( a  —  l j a q

The constants kv  k2 and d can be chosen so that the two equations are 
identical. The two equations can be written :

xxx0(d — 1) +  xx{kx — dk2) -f- x0{k2 — dkx) +  kxk2(d — 1) =  0 
and x̂ Xfpî a. — 1) -f- xx{b(rx — 1) — a} -f- mx0 -f- b =  0 .

The two are identical if

d — 1 _  k1 — dk2  k2 — dkx _  kxk2(d — 1)
m( a — 1) b( a — 1) — a m b

Theso relations give three equations for determining kv  k2, and d. From the 
first, second, and third relations it is seen that :

d -  1 (k1 +  k2) ( l - d )
m(a — 1) m -f- b(a — 1) — a’

m +  6(a — 1) — a
so that — (k1 +  k2) =

Also k-Jc2 =

m (  a  —  1 )

b
m{ a — 1)

Consequently kx and k2 are the roots of equation (8). 

Also (d -  1) =  (a -  1)(£2 -  dkj).

d =
1 +  (a -  l ) i 2
1 +  (a -  1 ) V  •

Now

{1 +  (a _  +  (a _  1 )k2) =  1 +  (a _  1)(*4 +  k2) +  (a -  1)2̂ 2

=  1 _  ~  L) ~  g} i 6 ( a  ~  X)
in m

a
m

t ,, j  a _  “
X “  m { l  +  ( a  -  l ) ^ } 2 “  m e 2'

Although equation (5) or (7) is simple in form, its application to separations 
where the top or bottom product contains only a small amount of one of 
the components necessitates a high degree of accuracy hi computation. 
Usually, for a rectifying column, x0 =  xD and x„ =  xF, and for a stripping 
column, x0 =  xD and xn =  x iv. When the top product contains only a 
small amount of the heavier component, the point L  is close to the point 
C in Fig. 2 and k2 is very nearly equal to 1. Also x0 is very nearly equal 
to 1, so that the term (k2 — x0) in equation (7) is the difference of two 
nearly equal quantities, which must therefore be computed with a high
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degree of accuracy to avoid excessive error in the difference. Similarly, for 
a stripping column producing a bottom product containing a small amount 
of the lighter component, the point O' will be close to 0. kx will bo small 
(and negative), and xn will also be small, so that the term (xn — kx) will be 
small. Also for reflux ratios close to the minimum reflux, it will be clear 
that, for a rectifying column, the term (xn — ky) may be small, while for a 
stripping column the term (k2 — x0) may be small. Exactly the same 
practical difficulty in computation arises if use is made of equation (6) 
or of the equation originally given by Smoker 2, namely :

mc( a - 1) . *„1
a ■— me2 J

me (a -  1) .
*̂ »1 a ■— me2 J

where x' =  x — kv  
The difficulty also arises when a graphical method such as that of McCabe 

and Thiele 3 is used, and necessitates drawing on a large scale those parts 
of the diagram where the points representing plates are close together. 
The nomograph published by Bisesi 4 will also give insufficiently accurate 
results unless constructed on a large scale.

For example, when a mixture of two components with relative volatility
2-5 is fractionated with a reflux ratio of 3 to give a top product of composi- . 
tion xD ~  0-99, the value of k2 is 1-0071 and the difference lc2 — xD =  
k2 — xn =  0-0171. For three significant figures in the difference, five 
significant figures are required for the value of k2.

The particular cases of a top product containing only a small amount of 
heavy component and a bottom product containing only a small amount 
of light component are of frequent occurrence in practical problems. For 
these cases simplified approximate equations can be derived which give 
results of satisfactory accuracy with less laborious computation than the 
exact equations (7) or (9). Thomson and Beatty 5 have made a careful 
study of various methods of calculating the number of theoretical plates for 
such conditions. They have shown that, by assuming the equilibrium 
curve to be linear near the ends of the x, y  diagram, reasonably accurate 
results are obtained so long as the calculation is limited to moderate 
concentration ranges in these regions. For other cases, where there is a 
wide range between the feed concentration and the top or bottom product 
concentration, they do not recommend the use of that method. The 
simplified equations derived in the following are applicable to these 
conditions. '

N u m b e r  o f  T h e o r e t ic a l  Pl a t e s — R e c t if y in g  Co l u m n .

Put x0 =  xD — 1 — S, where S is a small quantity.

Now m =  and b =   ̂ =  (1 — m)(l — 8).

Substituting this value of b in equation (8) gives : 
m(a — 1)&2 -f- {2m — ma — 1 — (a — 1)(1 — m)8}& +



Solving this equation, neglecting powers of S higher than the first, gives :

_  j  i “ (1 -  m )s (11)
k* ~  1 +  m a -  1 ........................... 1 ;

and
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iv  =
m (1 — m)S   1 m f (a — 1 )Sl

1 m( a — 1) m{ma — 1) m( a — 1)

Also fc„ -  x, =  k0 -  1 +  S =  ^  (13)
u “ ma — 1

which gives the small term (k2 — a;0) in equation (7) with satisfactory 
accuracy by a slide-rulo calculation.

Equation (10) can also be readily solved by noting that k — 1 is an 
approximate solution, since it is satisfied by k =  1 when S =  0. A  second 
approximation to a solution is obtained by putting k =  1 +  ip, where ijj is 
small, and neglecting small quantities of the second order, which gives :

_ ^ ( 1  m)8 an(j £ _  j  _j_ i l l  as before.
r ma — 1 * ma. — 1

Also, since k1 and k2 are the roots of equation (10),

(1 -  m)(l -  8)
k^k2

m(a — 1)

and i ,  -  -  V - A L  { l  -  !■* ~  ‘ »H as bafora.
x m (a — 1) m (a — 1) I m a — 1 I

Of the four terms on the right-hand side of equation (7), (k2 — x0) 
or (k2 — xD) is given by equation (13). Also xn — k1 — xF — kr (where 
xF is the feed composition) and is obtained from equation (12). I f the 
feed is not composed of liquid at its boiling point, xF should really be 
replaced by

(R  -f- 1)*^. +  [q — l)xj)
R + q

where q is the heat required to vaporize 1 mol of feed divided by the molal 
heat of vaporization. .In many cases this will be an unnecessary refine­
ment unless q is quite small.

The term (x0 — k2) is equal to (xD — k j  and the term [k„ — x„) is equal 
to (1*2 ™ *̂ f)*

It may be noted that
T /. -  a *  h — ma  1 (m2«  -  1)8

1 1 m(a — 1) m(ma — 1)

In many cases no substantial error will be involved if the second term 
containing 8 is neglected.

Also k2 -  xF =  1 -  xF +  a(1 ~ _ m)S . . . .  (15)i r ma -  I

and in many cases the term involving 8 can be neglected.
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An approximate value of — „ can be obtained to facilitate calculation.
me2

2(1 — m )(a — 1)81- ^  =  m a { l  + - m )(a  — 1)8}   ̂
x} 2 l m a  —  1 Jme2 m{ 1 +  (a — l ) i

Here again the term involving 8 will be negligible in many cases. It will 
be found that the use of equations (11) to (16) greatly facilitates numerical 
computation and avoids the use of five-figure logarithms which are generally 
necessary when using equations (6), (7), or (9).

From the value of (k2 — x0) given by equation (13), it will be seen by 
substituting it in equation (7) that n is approximately a linear function of 
log 8 when m and a are constant.

A comparison of the results given by the exact and the approximate 
methods is shown in Table I for various reflux ratios and top-product 
compositions, with a =  2-5 and xF =  0-4. It will be seen that the agree­
ment is very satisfactory.

A  less accurate equation can be obtained by neglecting the terms involving 
8 in equations (12), (14), (15), and (16), giving, by substitution in 
equation (7):

. . r  ( « -  1)2(1 -  xF)- n . log ma. =  log (17)

This equation will give substantial errors, of the order of perhaps 20 per 
cent., when used for reflux ratios near the minimum, mainly due to the 
error in the term (xF — kx). It may, however, be useful for certain rough 
calculations.

N u m b e r  of  T h e o r e t ic a l  P l a t e s — Str ip p in g  Co l u m n .

In this case x w is small and will be denoted by e.

RP + q F  , ,  -  W xw
m - R P T q F — \V and h = R P T - q F - ~ W -  

' 6 — (1 — m)xw — (1 — w)e.

Equation (8) then becomes :

m(a — 1)&2 +  {m +  (a — 1)(1 — m)e — a}fc +  (1 — m)s =  0 . (18)

When e =  0, one root of the equation is equal to zero, and therefore h1 is 
small. Neglecting small terms of the second order in equation (18) gives :
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A second approximation for k2 is obtained by putting

7. a  -  m
*2 =  t  n  +  rm(a — 1)

where ip is small. Substituting in equation (18) and neglecting small 
terms of the second order gives :

, _  a — m a(l — m )z   a — m f a(l — m ) ( a 1)£)
2 m( a — 1) m( a — m) Wl(a— 1)1 (a — m)2 J

The values of kx and &2 given by equations (19) and (21) can also be obtained 
by solving equation (18) in the usual way and neglecting small terms of 
the second order.

The approximation for is :

^ f  1  ^ ) £\ (22)
me2 m l  a — 7ii J ' • - '

Also xn -  k,...=  E -  fc, =  -(a ~  1)g..........................(23)
1 1 a  — • m

Equations (19), (21), (22), and (23) are then used for computation of 
equation (7).

A comparison of the exact and approximate methods is given in Table II. 
As before, a =  2-5 and xF =  0-4. The results are given for various values 
of S, where S  is defined by the operating line for a stripping column :

£1 I 1
(S +  l)a; =  Sy +  xw and m =  — =— .

For a stripping column on which a rectifying column is superimposed :

RP +  qF — W  _  {R +  1 )xp — (R +  q)xw — (1 — q)xD 
W  xD -  xF

As previously pointed out by the author,6 the quantity^ may be termed 
the “ revaporization ratio.” It represents the number of mols of vapour 
returned by the reboiler to the stripping column per mol of bottom product 
withdrawn. It is thus exactly analogous to the reflux ratio in a rectifying 
column which represents the number of mols of condensate returned by 
the condenser to the rectifying column per mol of top product withdrawn. 
As a more convenient name for the quantity S, “  reboil ratio ” is suggested.

It will be seen from Table II that the agreement between the exact and 
the approximate methods is very satisfactory.

When equation (7) is used for a rectifying column, putting x0 =  xD and 
x„ — xF, the value of n obtained is the number of plates in the rectifying 
column, including the feed-plate. For a rectifying column used alone, 
mounted on a still pot, the pot would be included as a plate instead of the 
feed-plate in the value of n. When equation (7) is used for a stripping 
column, putting x0 =  xF and xn — x w, the value of n obtained is the number 
of plates in the stripping column below the feed-plate and includes the still 
pot counted as one plate. For the common case of a rectifying column
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superimposed on a stripping column the total number of actual plates will 
be the sum of the two values of n  less one, the still pot being excluded.

When a is not quite constant, it will usually be desirable to follow the 
suggestion of Thomson and Beatty 5 and use the value of a corresponding 
to the region of the equilibrium curve where the plates are closest together. 
This will usually be at one of the ends of the equilibrium curve.

A less accurate equation for the stripping column can be derived by using 
the value of k2 given by equation (20) and neglecting e in equation (22) 
and noting th a t:

and

Then

k1 =  xP — k1 — xF approximately 
xn — k2 — e =  k2 approximately.

n  . log — =  log
Til °

(a —  m)2xF

m(a- 1)2{4 r^T)“ ^ } E
. (24)

This equation is subject to the same limitations that were pointed out in 
connection with equation (17).

N u m b e r  of T r a n s f e r  U n it s .

It has previously been shown 1 that the number of transfer units is given 
by the equation :

Nog =  , 1 log, +  p (25)

where

Therefore

^ j <t ^ ^l
P =  ;~ 2  and *  =  7. —?nc~

N ° ° = T Ü T  [ logl ■log- I N K
me2

(26)

The equations previously derived for kv  k2, etc., can be used for the com­
putation of equation (26) exactly as for equation (7).

M in im u m  R e f l u x  R a t io  a n d  M in im u m  N u m b e r  of  P l a t e s—  
R e c t if y in g  Co l u m n .

The minimum reflux ratio, R0, is given by

R0 —

which reduces to

R„ 1

Xp — V p 
yp — xp

s{i -¡- (« — l)^u}
0 ( a  —  l)xF xF{ 1 —  XF)( a  —  1)

As a first approximation, which is sufficient for most purposes

R =   i :
0 (a  —  1 )xp

(27)

(28)



R
The minimum reflux operating line with slope m0 == -=— : intersects the

Mq +  1
equilibrium curve at x =  xF, which is the corresponding value of kv  
Then, from equation (12) :

L -  a - » . ) »  . . . .  m
m0{a -  1) m0(m0a — 1)

and
mn 1 — m 1
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x „ _ k  -  1 — mo 1 - m  . . . J — l
1 tnJa — 1) m( a — 1) lm „(?m0(q — 1) m( a — 1) U «0(m0a — 1) — 1)1

1  m 0  1  7 7 1  / o n \ u............................ approx........................................ (30)
m0(q — 1) m (a — 1)

From equations (11) and (29) :

t _  __ w0a — 1  fa(l — m) 1 — m,
2 F m0(q — 1) 1 Mq -  1 m0(m0a. — 1) J

m nq  —  1 approx...................................................... (31)
m0(a —  1)

Also, from equation (12) :
la -  1 (m2a -  1)8

xD — kx
m (q — 1) m (m a — 1) 
m q — 1

m (q — 1) aPPr0X...........................................0 2 )

Then, substituting from equations (30), (31), (32), and (13) in equation (5) 
gives:

>2;
(  j l Y  — (m<x ~ 1) (ffloa ~ 1) [o ti
Vmc2/  (m — m0)(a — 1)28 

For total reflux, the minimum number of plates, na> is given by

xD{l — xF) 1 — Xpa"o =  — —   =  —
Xp{\ — Xjy) Xp . 5

or v  ,  (34)
(1 -  m 0)8

From equations (33) and (34) :

(A ) "%  _
Vmc2  ̂  (ma — 1)2(1 — m0)

ano (m — rn0)(a — l )2

As an approximation from equation (16),

a
— =  mq. 
me2

Therefore a"o (m — m0)(q — l)z

(35)

(36)

This equation can be used for plotting a curve showing the variation of 
n with m or R.



M in im u m  R e b o il  R a t io  a n d  M in im u m  N u m b e r  o f  P l a t e s—  
St r ip p in g  Co l u m n .

As pojnted out earlier in this paper, the slope, rn0, of the operating line 
for the minimum reboil ratio, S0, is given by
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S0 - f  i _  y  F — %w
S q  X p  —  X  \ y

and ^  -  x w
yF — xp

. C 1 +  (a  —  1)a;F  (-, e )  1 +  (a  —  1 )*F  __________________ _ ./o-n
•• ^ o = (g _  1)(1 _  Xp) [1 ~  = Xa _  1)(1 _  Sr) approx. . (3/)

Noting that xF is the value of k2 when m — m0, the following approximate 
equations can be derived by the same procedure used for the rectifying 
column :

=  °>JL . . . .  (38)
m 0( a - l )  JW0(a —  m 0)

xr ~ k 1 =  ,n°1' ..........................................................(39)m0(cc -  1)

h _  x „ — g m a mo /an}
2 m(a —  1 ) Wi0(a  — 1 )

7 a — m  . . . .
2 Xw f l i a  -  1 ....................................................( }

Substituting in equation (5) from these equations and equation (23):

/  «  Y  (a — w 0)(g — m )2
Viiic2/ a(a — l)2(i»n — Wi)e

For total reflux,
W c2/  a(a — 1)2(?«0 — m)z

X p { \  —  X W) Xp
a » == -^ n ------ — =  n— —C approx.x w(l — Xp) (1 — xF)s

or a", =   m-°r ..................................................................(43)
g(m0 — l)e

(a
(a -  1) V 0 -  m)

Therefore   (44)

As an approximation from equation (22), — A

( ~ ) H
Then = (oJ- m g K z J L > ...........................(45)

a11» (a — 1)“(tWq — m)

R e f l u x  R a t io  a n d  R e b o il  R a t io .

It has been pointed out that there is a close analogy between reflux ratio 
for a rectifying column and reboil ratio for a stripping column. It can
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further he shown that, by suitable transformation, the calculation of 
plates for a stripping column can be made by using methods of calculation 
relating to a rectifying column.- Fig. 3 shows an operating line for a 
stripping column, which cuts the equilibrium curve at D  and F  and the 
diagonal OB at E  (x =  x w). Its inclination to the x  axis is given ny

AC, the result is Fig. 4. The equilibrium curve is unchanged since it is 
symmetrical with respect to a line joining A  and C. The stripping-column 
line D EF  of Fig. 3 has become a reetifying-column line in Fig. 4. It now

has an inclination of — Oj to the horizontal axis and its slope is
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column can therefore be carried out by using the same equations as for a 
rectifying column, using S  instead of R and (1 — x w) instead of xD. It 
should be noted that if xF is the feed composition for the stripping column 
in Fig. 3, the corresponding feed composition for the rectifying column 
in Fig. 4 is (1 — yF) — x'F.

The above results can also be demonstrated analytically. The relation 
between the (x, y) system of co-ordinates of Fig. 3 and the (x , y') system of 
co-ordinates of Fig. 4 is

x — 1 — y' and y  =  1 — x' . . . . (47)

Taking B  as the new origin in Fig. 4, the co-ordinates of the point E  are 
(1 — x w). I f x' and y' arc the new co-ordinates in Fig. 4, the equation of 
the line D EF  is

' - a f K + T T ?  ' • • • •  <§
This now represents an operating line for a rectifying column with a reflux 
ratio S  and a top product (1 — x w). The calculation of plates for a stripping

A
Fia. 4.



240 UNDERWOOD : FRACTIONAL DISTILLATION OF BINARY MIXTURES.

These equations indicate that the mol fraction of the lighter component 
in the liquid at any point in Fig. 3 becomes the mol fraction of the heavier 
component in the vapour at tho corresponding point in Fig. 4. Writing 
the equilibrium curve in tho form

y  _  ax
1 — y  1 — x

it is obviously identical in form when transformed by using equations (47). 
Similarly the operating line

(S +  l)z  =  ^2/ +  
becomes (S +  1 )y' =  Sx' -f- (1 — x w).

For a rectifying column superimposed on a stripping column there is a 
simple relation between II and S  when the top and bottom products contain 
only a small amount of the other component.

Since S =  ^  ^  ^  — (-  ̂ ~t~ l)x w — (1 — l)xD
W xB — xF

and xw is small and xD is approximately equal to 1,

S  =  (-R +  l)a?F —  1 +  g ......................................^
1 —  Xp

When the feed is at boiling-point, q =  1 and then

8 =   (49)
1 —  Xp

This is also readily derived by considering that the top product is approxi­
mately the lighter component of the feed while the bottom product is the 
heavier component. For 1 mol of feed there are xp mols of top product 
and (1 — X p ) mols of bottom product. There are (R +  1) xF mols of 
vapour passing up the column and the number of mols of vapour per mol 
of bottom product are

(R -f- 1 )xp
1 —  Xp
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R e c t if y in g  Co l u m n — S u m m a r y  of  R e s u l t s .

X D = 0-99. *D = 0-97. Xrt = 0-95.'AjJi --

Appr. Exact. Appr. Exact. Appr. Exact.

R  =  1-8.
ht 0-361 0-3614 0-343 0-3447 0-324 0-3291
k2 1-0147 1-0145 1-0441 1-0424 1-0735 1-0691

a 
VIC* 1-6354 1-6353 1-6922 1-6898 1-7490 1-7431
{xF — *i> ■ 0-039 0-0386 0-057 0-0553 0-076 0-0709
(k2 *— So) . 0-0247 0-0245 0-0741 0-0724 0-1235 0-1191
n * • 12-20 12-23 8-70 

R  =  2.

8-75 6-85 6-89

h . 0-3258 0-3259 0-3108 0-3120 0-2958 0-2989
k'z • 1-0125 1-0124 1-0375 1-0364 1-0625 1-0595

a
me2 1-6917 1-6916 1-7417 1-7401 1-7917 1-7875
(a> — *.) ■ 0-0742 0-0741 0-0892 0-0880 0-1042 0-1011
\k2 - 0-0225 0-0224 0-0675 0-0664 0-1125 0-1095
n 10-45 10-46 7-65 

R  =  3.

7-72 6-19 6-29

h , , 0-2184 0-2184 0-2108 0-2111 0-2032 0-2040
k2 1-0071 1-0071 1-0214 1-0211 1-0357 1-0349

a
me2 1-8911 1-8912 1-9232 1-9226 1-9558 1-9543
(xF - *») • 0-1816 0-1816 0-1892 0-1888 0-1968 0-1960
(k2 - Xj>) - 0-0171 0-0171 0-0514 0-0511 0-0857 0-0849
n 7-87 7-87 5-93 5-94 4-98 5-00

R =  4.
kt 0-1642 0-1642 0-1592 0-1593 0-1542 0-1545
K 1-0050 1-00499 1-0150 1-01488 1-0250 1-02464

a
me* • 2-1020 2-0119 2-0360 2-0357 2-0600 2-0595
(xr — K) • 0-2358 - 0-2358 0-2408 0-2407 0-2458 0-2455
[k2 - Xd) . 0-0150 0-01499 0-0450 0-04488 0-075 0-07464
n • 7-08 7-08 5-39 5-39 4-56 4-57

St r ip p in g  Co l u m n — Su m m a r y  o f  R e s u l t s .

x,r = 0-01. xw 0-03. x w = 0-05.

Appr. Exact Appr. Exact. Appr. Exact.

S =  2.
■ -0 -0 0 5 -0-00491 -0 -0 1 5 - 0  01423 -0 -025 -0-02296

kz 0-4527 0-4527 0-4694 0-4687 0-4861 0-4841

vie2 1-6917 1-6916 1-7417 1-7402 1-7917 1-7840
(fcj -  X,) . 0-0527 0-05269 00694 0-06867 0-0861 0-08407
{Xw -  i ,)  . 0-015 0-01491 0-045 0-04423 0-075 0-07296
n 10-31 10-32 7-33 7-39 5-75 5-87
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S trip p in g  C olu m n — Sum m ary o f  R e s u l t s  (contd.).

Xw = 0-01. xw = 0-03. x w = 0-05.

Appr. Exact. Appr. Exact. Appr. Exact.

=  3.
Icl -0-002857 -0-002836 -0-008571 -0-008349 -0-01429 -0-01368
k2 0-5887 0-5887 0-5994 0-5992 0-6101 0-6095
a 

7 ilC* 1-8911 1-8910 1-9232 1-9230 1-9554 1-9545
{lc2 — xr) . 0-1887 0-1887 0-1994 0-1992 0-2101 0-2095
{xw — &l) ■ 0-01286 0-01284 0-03857 0-03835 0-06429 0-06368
n 7-17 7-17 5-22 5-22 4-24 4-24

S  =  4.
kL . -0 -002 -0-001991 -0 -0 0 6 -0-005897 -0 -0 1 0 -0-009714

. 0-6707 0-6707 0-6787 0-6786 0-6867 0-6864
a

me1 2-012 2-0120 2-036 2-0359 2-060 2-0595
{k2 — xr) . 0-2707 0-2707 0-2787 0-2786 0-2867 0-2864
(Zjr — ij)  . 0-012 0-01199 0-036 0-03590 0-060 0-05971
» 6-30 6-30 4-59 4-60 3-76 3-76

OBITUARY.
MR. HIRAM J. HALLE.

H iram  J. H a l l e ,  President of Universal Oil Products Company, died on 
29th May at his home, Pound Ridge, New York. His health had been 
failing for some time.

Mr. Halle was born in Cleveland, Ohio, seventy-seven years ago. He 
entered petroleum refining at the time the automobile was coming into 
mass production, and for more than twenty-five years was an outstanding 
figure in the growth and development of the refining industry.

He became president of U.O.P. in 1915, and under his leadership, the 
Universal organization took an important part in the invention, develop­
ment and servicing of processes which have revolutionized the refining 
industry, starting with the Dubbs cracking process and progressing through 
continuous research and development work to the perfecting of a number 
of catalytic refining processes.

CORRIGENDUM.

J u l y  J o u r n a l .

“ The Correlation of Cetane Number with other Physical Proper­
ties of Diesel Fuels.”

P. 196. Table 1. Column 3. Delete “ Outside” before ±  5. 
P. 197. Delete “  (7) ” before equation.
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922.* A Challenge to Geology. R . A . Denison. Oil Gas J., 23.3.44, 42 (46), GO. 
(Annual Mooting of Amor. Assoc. Petrol. Gool. and affiliated Socioties, 21st-23rd 
March, 1044.)— The challongo to goology, the scienco of tho earth, is : Can its applica­
tion to minoral exploration discovor tho now deposits needed to supply tho deficit 
created by war and provide an ample reserve for unhampered progress in peacetime ?

The development of a maehino age has boon possible only through an abundance 
of choap powor and onorgy, which is today obtained almost exclusively from mineral 
fuels. Of all tho mineral fuels, tho liquid and gaseous products of petroleum and 
natural gas are tho most useful and tho most universally adaptable. The winning of 
the war and tho rebuilding in peace are depondont on adequate supplies of potroloum. 
Henco tho challongo to goology falls lioavily on petroleum goology. It can bo said 
that tho present- high state of industrial development in U.S.A. is duo to tho acceptance 
and use by tho potroleum industry of goology. American companies use more 
geologists than all tho rest of tho world combined. It is probably truo to state that 
fully three-quarters of all the Oil that has boon produced, and that which is now 
known and proved, has been found by American geologists. •
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Over 600 members of the A.A.P.G., and possibly 1500 geologists of all classos aro 
in tho U.S. armed forcos. Noarly all tho college graduatos in the past two years have 
gone directly to tho armod forces. Students rogistorod in goology now number less 
than 200, compared with a poaco-timo enrolment of 2500.

At present about 2500 petroleum goologists aro called upon to find oach year inoro 
potroloum than was found by tho offorts of moro than 3000 goologists in poaco-timo. 
Moreover, favourable sitos for potroloum prospecting aro bocoming increasingly harder 
to find each year. Now areas must bo found in which to apply known and provod 
techniques; old areas and old data must be ro-studiod in tho light of oxporienco and 
now concepts. The knowlodgo of the relationship of oil accumulations to sedimenta­
tion must bo increased to facilitate the finding of oil whore there is littlo positivo 
structural ovidonco, and where trapping is duo to stratigraphic conditions. In this 
connection data obtainod from prospocting drilling and from tho structural configura­
tion and stratigraphy of buried horizons revealod by geophysical prospecting aro 
important and require careful consideration.

A groat majority of all men who havo ovor worked in potroleum geology aro still 
in tho profession, and full uso must bo mado of thoir accumulated experience in 
searching for oil.

Aftor tho war tho available geological man-power will bo greater than now, thus 
permitting accolorated exploration and the tackling of many probloms. G. D. H.

923.* Wildcat Wells 17 per cent. Successful. F. H . Lahoo. Oil Gas J., 23.3.44, 42 
(46), 69. (Annual Mooting of Amsr. Assoc. Potrol. Geol. and affiliated Sociotios, 
21st-23rd March, 1944.)— Tho data on exploratory wells includo wildcats (now- 
fiold and new-pool), outpost wolls, and deoper-pool tosts. In tho deepor-pool tosts 
only tho footage drilled bolow tho doopest known producing horizon is includod.

During 1943, a total of 15,122,364 ft. was drilled in 3843 exploratory holes, and tho 
655 producors accounted for 2,741,303 ft. In tho southern States district 1656 
exploratory holes were drilled, totalling 8,227,468 ft. 287 holes wore producors, and 
accountod for 1,546,956 ft. Tho average dopth was 4968 ft., compared with 3935 ft. 
for tho whole of U.S.A.

In 1943, it is ostimatod that 626 exploratory liolos drillod on technical advico wero 
successful, while 2616 were dry; 23 holes locatod for non-tochnical reasons wore 
producers and 500 wero dry; 6 producers and 72 dry holes woro located for reasons 
unknown. Thus locations based on technical reasons aro nearly 4-4 times as succossful 
as thoso drilled without such advico.

Compared with 1942, there was a considorablo incroaso in tho oxploratory offort 
in most parts of tho country, but in Illinois, Indiana, and Nobraska thoro was a marked 
reduction both in the numbor of oxploratory holes drillod and in thoir total dopth. 
There was a decrease from 5013 ft. to 4239 ft. in the avorago depth of tho holes drilled 
in California. Thore woro marked increases in the avorago depth of oxploratory 
holes in Kansas, western Ivontucky, Louisiana, Mississippi, Now Moxico, and Texas.

While tho total numbor of oxploratory holos, or the total footage drillod oach year, 
has generally increased continuously since 1937, the total now proved rosorves (dis­
coveries, extensions, revisions) and the now proved resorvos found during tho year 
havo declined substantially during the same period. Thore have been doslinos in 
tho total now resorvos por oxploratory hole or por foot of exploratory hole, and in tho 
nowly discovered resorvos per oxploratory hole or por foot of oxploratory hole.

G. D. H .

924.* Outline of Chinese Geology. J. M. Wellor. Oil Gas J., 23.3.44, 42 (46), 101. 
(Annual Meeting of Amor. Assoc. Potrol. Geol. and affiliatod Sociotios, 21st-23rd 
March, 1944.)— Structurally, Greater China consists of three positive areas and three 
goosynelinos. In late pro-Cambrian times and during tho Paheozoic, a thick sorios 
of dominantly marine formations accumulated in a groat trough extending N .E .-  
S.W . across China propor, but in tho north the Silurian, Devonian, and Mississippian 
are missing, although thoro was deposition in this area in tho Pennsylvanian and oarly 
Permian. Important orogonic movemonts occurred towards tho end of the Palaeozoic, 
and from tho Middlo Permian continental conditions wore widespread, especially in 
North China and Contra] Asia. Eastern China was upliftod at tho end of the Triassic, 
and subsequently it has never been subjected to important marine submergence.
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During tho Mesozoic and Tortiary, groat thicknessos of continental sediments accumu­
lated in a series of basins, tho sites of which were changed by diastrophic movements, 
especially at tho end of tho Jurassic and of tho Crotaceous, and in Middlo and Late 
Tertiary times. Thoro was oxtensivo volcanism in tho Lato Cretaceous diastrophism. 
Somo of tho mountain chains havo boon raised by very roeont faulting.

East-wost curving mountain arcs dominato the structure of Central Asia, but in 
the coastal region thoro aro N.E.-S.W.-trending structuros. In most of China proper 
thoso two systems havo produced a complicated interference pattern. Most parts of 
China are intensoly foldod and faultod, but thoro are five largo sedimentary basins 
with moderate or gcntlo structures, two in Chinoso Turkistan, ono in Tibet and two 
in western and northern China. Soopages and other evidences of potroloum aro known 
in threo of tho basins; tho other two aro practically unknown goologically. Tho 
Red Basin of Szochuan Province appears to be of groatost interest becauso of its 
stratigrapliic section, type of structure and accessibility. G. D. H.

925.* Wildcat Completions and Discoveries. Anon. Oil Gas J., 23.3.44, 42 (46), 
167.— During tho wook ondod 18th March, 1944, 6 oil-wolls and a gas woll wero among 
tho 65 wildcats completed in U.S.A. Tho largest discovory was a 386-brl. Cromwoll 
sand well, somo 4 ml. from tho noarost oil production.

Tho results of wildcat completions in U.S.A. in tho weok ended 18th March, 1944, 
aro tabulatod by Statos and districts. G. D. H.

926.* Wildcat Completions and Discoveries. Anon. Oil Gas J., 30.3.44, 42 (47), 
13!).— In tho wook ondod 25th March, 1944, 59 wildcats wore comploted in U.S.A., 
8 finding oil, and 1 gas. Tho preceding weok had 65 wildcat completions.

During February, 1944, 1505 wolls woro comploted, 912 giving oil and 161 gas. 
Tho total is 36%  greater than in Fobruary 1943.

A tablo summarizes tho results of wildcat completions in the weok ended 25th 
March, 1944, and givos tho cumulative totals for 1944 to that date. A second tablo 
gives data on all U.S.A. complotions in February, 1944, including tho production, 
footage, and numbors of wells in various dopth rangos. G. D. II.

927.* Petroleum Possibilities in Szechuan Province, China. J. M. Wollori Oil Wkly,
3.4.44, 113 (5), 38.— The Red Basin of Szochuan Province covers about 60,000 sq. 
ml. Tho bods dip gently. Geological work on outcrops noar Omoi Shan and in 
the salt wolls shows that as much as 3000 ft. of Tortiary beds may rest on tho Cre­
taceous. Thoro is a thick soction of apparently non-marine post-Triassic beds which 
aro rod, and outcrop oxtonsivoly. An important unconformity occurs at tho base of 
the Permian. Tho mountains north of tho basin show 15,000 ft. of Devonian bods 
(mainly quartzite, grading up into massivo limestone) and about 1500 ft. of Silurian 
(groonish shale with nodular limestono). Carboniferous lim03tones, sandstonos, and 
shales are roportod in tho south-oastorn part of tho province.

Tho Pormian varies considerably on the odges of the basin, and includes basalt, 
limostono, shale, and coals. The distribution of Palaeozoic beds undor the basin is 
unknown, but it is probablo that tho Permian Chisia limestone occurs throughout.

Somo of the brino wolls are 2000-3000 ft. deep, and a few give a little oil, and gas. 
Oil is recorded from various horizons in tho Triassic, Jurassic, and Cretacoous, tho 
best shows being in tho Cretacoous (Tzuliuching formation), Jurassic (upper and 
lower parts of tho Hsiangchi formation), and tho Trias (upper and middlo parts of 
tho Chialingchiang limestone), but they aro vory erratic. Some of tho brino wolls aro 
on anticlines, and so have sorvod as tests for oil in post-Palaeozoic beds. On tho 
Tzuliuching anticline brine wells have gone completely through tho Chialingchiang 
formation without finding important amounts of oil. Elsewhere tho wells havo not 
reached tho Triassic, and in tho northern part of tho basin they havo not gono below 
tho baso of tho Crotaceous. Thoro havo boon few wolls in the eastom part of tho basin.

Several oil-soops in the eastern part of the basin seem to bo on or near steeply 
folded antielinos. 25 ml. south-east of Chungking a well was drilled noar a seepage, 
apparently without especially favourable results.

The many anticlines generally trend northeast-southwest, and thoir seeming 
greater frequency in the south may be merely a question of more investigations there.
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Jurassic and Cretaceous beds outcrop on tho crests of some of those folds. Many 
folds are asymmetrical, with tho south-east limb often tho stoopor limb. Tho intensity 
of folding increases from east to west.

Tho oil in post-Triassic beds, which appoar to bo mainly non-murine, lias probably 
como from deopor horizons. A t Tzuliuehing soma oil occurs in tho Chialingchang 
limostono to which it may bo indigenous.

Tho Mesozoic bods do not appoar very favourable for oil according to the brine wells, 
but the Triassic limostono cannot be fully condemned. Tho more or less deeply 
buried Palaeozoic is attractive, but it has never boon reached by drilling, and its 
distribution is unknown. Tho Chisia limestone (Permian) has carbonaceous and 
possibly bituminous bods at its outcrops in tho mountains around tho basin. Marino 
Carboniferous, Devonian, Silurian, and Ordovician beds probably undorho parts of 
tho basin. G. D. H.

928.* Vast Scheme of Development Projected for Middle East Oil. Anon. World 
Petrol., April 1944, 15 (4), 35.— It appears that the Federal administration is deter­
mined to construct a pipe-line from the Porsian Gulf to tho eastern slioro of tho 
Mediterranean os soon as is practicable, and during the past few weeks special ofTorts 
havo been made to spood up completion of tho pipo-lino contracts. Tho preliminary 
agreement left tho location of tho western terminus of tho line in doubt as betweon 
Haifa and Alexandria, but it is believed that tho former site is the more probable 
and may save as much as S25,000,000 in the total cost.

To fulfil thoir obligation in rospoct of tho billion barrel supply plodged for govern­
ment use, tho oil companies propose to dovolop as quickly as possible a known rosorvo 
of that extent. Tho Arabian Ainoriean Company’s programme calls for an expenditure 
of S50,000,000 on pipe-lines, exploration, and drilling. This company proposos to 
replaco its 3000-brl./day capacity refinery at Ras Tanura by a refinery of 50,000 
bri./day capacity. A  similar refinery is to bo oroctod at tho Mediterranean end of tho 
pipo-lino.

On Bahrein Island, tho Bahrein Petroleum Company plans to increase its refinery 
capacity from 30,000 to 58,000 bri./day. The Bahrein wolls give about 20,000 brl./day 
at present.

American entry into tho search for petroleum in Saudi Arabia dates from 1933. 
The area of tho concession was not closely defined but extondod about 200 ml. inland 
from tho eastern coast of the country. Tho first producing well was comploted in tho 
Dammam area in 1936, oil boing found at a depth of about 2000 ft. Lator oil was 
found below 4000 ft., and at still greater dopths. When oil had boon found in sub­
stantial quantities tho concession was oxpandod to includo virtually all tho territory 
under Ibn Saud’s authority An agreement was mado with the Texas Company 
whereby it became a joint owner with Standard of California of tho companies operat­
ing in tho Porsian Gulf area, including the California Arabian Standard Oil Company, 
tho title of which has now been changed to Arabian Amorican Oil Company, Bahroin 
Potroloum Company, Ltd., and tho California Texas Company, which is tho marketing 
organization.

Tho Dammam fiold has 25 wolls giving 15,000 brl./day, although they are capablo 
of a much higher output. 100 ml. north-west of Dammam is tho Abu Hadriya fiold, 
where ono well has been drilled to 10,000 ft., and Abqaiq, which is regarded as tho 
most promising field yet located in this region. Many other favourable structures 
have boon found and await testing. Tho known reserves of Saudi Arabia aro roughly 
estimated at 4,000,000,000-5,000,000,000 brl., and geologists boliovo .that tho area 
immediately around tho Persian Gulf will prove to bo ono of tho world’s greatest 
oil-producing rogions. G. D . H.

929.* California Spurs Production to Meet War Demands. R. Wintorburn. World 
Petrol., April 1944, 15 (4), 48.— During 1943, in spite of steadily oxpanding activity 
in development and exploration, withdrawals from stocks in California indicated an 
average deficiency in crude oil production of about 75,000 brl./day. Various restric­
tions caused tho completions in California in 1942 to bo 569 wolls, compared with 
941 in 1941. 1163 wells were comploted in 1913. In tho absence of those restrictions
tho additional wells which might havo boon drilled would probably havo made tho 
present productive capacity about 40,000 brl./day higher than it is. Other obstacles
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to development havo boon man-powor, and matorial and equipment sliortagos, and 
tho low price of erudo. Many strippor wolls woro not producing during tho early 
part of tho war bdeauso of low prices, but a rovision of prices in 1943 returned many 
marginal, low-gravity oil wolls to production and stimulated the dovelopmont of tho 
undrilled parts of tho samo fields. A rovision of prices for high-gravity crudes seems 
necessary.

Nearly all California’s current production is from fields found more than five years 
ago. Nineteen fields havo been opened since tho beginning of 1939, but most of them 
havo thin oil-sand sections and comparatively small productive capacities. Those, 
nineteen fields gave about 38,000 brl./day in Docombor 1943, this being somo 4-8%  
of tho Stato’s total. Ten fiolds found in the preceding five-year period gave 220,000 
brl./day in December 1943. Seven now fiolds woro found in 1943, but only tho 
Ploasant Valley Gatclioll sand area scorns likoly to givo any important inercaso in 
productivo capacity or rosorvos.

Exploratory drilling in northern California lias increased, and eight new gas-fiolds 
were opened in 1943.

Production in all rostrictod fiolds has boon raised to tho maximum officicnt rate. 
1850 idlo marginal producors of heavy oil havo boon returned to production. Most 
of the now wolls comploted in 1943 wore in tho shallow hcavy-oil areas of the San 
Joaquin Valley, on tho bordor of tho basin. 706 of tho S17 now San Joaquin Valley 
oil-wells wore in those shallow fiolds. Drilling activity in tho Los Angoles Basin was 
largely concentrated in tho Wilmington, Huntingdon Bench, and Torranco fields. 
In tho Coastal area deop zonos are being developed at Vontura Avenue, whilo at 
Santa Maria Valley there has boon extension of tho proved area.

Thoro are sufficient undrillod proven locations to permit continued drilling at tho 
present rate well beyond the end of 1944, and considerably more wolls are likoly to 
be drillod than in 1943. It is expected that tho productivo capacity at tho end of 
1944 will bo 850,000 brl./day. The present daily demand of the area is 950,000 brl.

G. D. H.

930.* Report on Petroleum Reserves. Anon. World. Petrol., April 1944, 15 (4), 
56.— Tho A .P .I.’s ostimato of U.S. crude oil reserves at tho end of 1943 is 20,064,152,000 
brl., 18,641,000 brl. loss than at the end of 1942. It rofors solely to tho proved or 
blocked-out rosorvos of crude oil (including condonsato) known to be recoverable 
under existing economic and oporating conditions. Details are given by States of 
tho proved reserves at tho boginning and end of 1943, tho production during 1943, 
and tho new reserves found in 1943. G. D. H.

931.* Northern Alaska Naval Reserve to he Developed if Congress Grants Funds.
Anon. Oil Wily, 3.4.44,113 (5), 52.— Tho Point Barrow area of Alaska has formations 
similar to those which yiold oil in various parts of U.S.A. and Canada. If funds are 
provided, geological and geophysical investigations will bo made in this area. Oil- 
soops are known in this region.

Tho development of oil-fields in Northorn Alaska will present many difficult problems.
G. D. H.

932.* Canadian Production for 1943 Drops Seven per cent. Under Figure for 1942.
Anon. Oil W ily, 3.4.44, 113 (5), 60.— During 1943, Canada produced 9,377,241 
brl. of crude, compared with 10,050,544 brl. in 1942. Now Brunswick gavo 25,405 
brl. in 1943, and tho Ontario fields 138,457 brl. Alberta gavo 9,213,379 brl. in 1943, 
and, of this, Tumor Valloy provided 8,991,528 brl., 710,191 brl. less than in 1942. 
In December 1943, Vermilion was giving 516 brl./day (29 wolls), Taber 175 brl./day 
(4 wolls), Wainwright 43 brl./day (7 wells), and Red Coulee 25 brl./day (7 wells). 
27 oil-wells had been comploted In tho Norman Wolls area up to November, 1943.

A table lists the discovory year, 1942-1943 and cumulative production, and daily 
production at tho end of 1943 for the various Canadian oil-fiolds. G. D. H.

933.* Refinery Completed in Arctic Russia. Anon. Oil W ily, 3.4.44, 113 (5), 64.—  
Now oil-fields are reported to havo boon developed in tho Izhma valley in tho Komi 
province of North Russia in 1943. A  refinery has boon completed at Ust-Ukhta, on
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Jurassic and Cretacoous beds outcrop on the crosts of somo of tlicso folds. Many 
folds are asymmetrical, with tho south-east limb often the steopor limb. Tho intonsity 
of folding increases from oast to west.

Tho oil in post-Triassic bods, which appoar to bo mainly non-marine, has probably 
coino from deopor horizons. At Tzuliuching somo oil occurs in the Chialingchang 
limestone to which it may bo indigenous.

Tho Mesozoic bods do not appoar vory favourablo for oil according to tho brine wells, 
but the Triassic limostono cannot bo fully condomnod. Tho more or loss deeply 
buried Palteozoic is attractive, but it has never boon roachod by drilling, and its 
distribution is unknown. Tho Chisia limostono (Permian) has carbonaceous and 
possibly bituminous bods at its outcrops in tho mountains around the basin. Marino 
Carboniforous, Devonian, Silurian, and Ordovician bods probably undorlio parts of 
the basin. G. D. H.

928.* Vast Scheme of Development Projected for Middle East Oil. Anon. World 
Petrol., April 1944, 15 (4), 35.— It appoars that tho Foderal administration is deter­
mined to construct a pipe-line from tho Persian Gulf to tho eastern slioro of tho 
Mediterranean as soon as is practicable, and during tho past few weeks spocial efforts 
havo boon mado to speed up completion of the pipo-lino contracts. Tho preliminary 
agreement loft tho location of tho wostorn terminus of tho lino in doubt 03 betwoon 
Haifa and Alexandria, but it is boliovod that tho former sito is tho more probablo 
and may save as much as §25,000,000 in tho total cost.

To fulfil thoir obligation in respect of tho billion barrel supply plodgod for govern­
ment uso, the oil companios propose to dovolop as quickly as possible a known rosorvo 
of that oxtont. Tho Arabian American Company’s programmo calls for an expenditure 
of S50,000,000 on pipo-linos, exploration, and drilling. This company proposos to 
roplaco its 3000-brl./day capacity refinery at Ras Tanura by a refinery of 50,000 
brl./day capacity. A  similar refinery is to bo erected at tho Mediterranean end of the 
pipo-lino.

On Bahrein Island, the Bahrein Petroleum Company plans to incroaso its refinery 
capacity from 30,000 to 58,000 brl./day. The Bahrein wolls givo about 20,000 brl./day 
at present.

American entry into tho search for potroloum in Saudi Arabia dates from 1933. 
Tho area of the concession was not closely dofinod but extended about 200 ml. inland 
from tho eastern coast of tho country. Tho first producing well was complotod in tho 
Dammam area in 1936, oil boing found at a dopth of about 2000 ft. Lator oil was 
found bolow 4000 ft., and at still greator depths. Wlion oil had been found in sub­
stantial quantities tho concession was oxpanded to include virtually all tho torritory 
under Ibn Saud’s authority An agreement was mado with tho Texas Company 
whereby it becamo a joint ownor with Standard of California of tho companios operat­
ing in tho Persian Gulf area, including tho California Arabian Standard Oil Company, 
the titlo of which has now boon ehangod to Arabian American Oil Company, Bahrein 
Petroloum Company, Ltd., and tho California Texas Company, which is tho marketing 
organization.

Tho Dammam fiold has 25 wells giving 15,000 brl./day, although tlioy aro capable 
of a much higher output. 100 ml. north-wost of Dammam is tho Abu Hadriya fiold, 
wlioro ono ■well has been drilled to 10,000 ft., and Abqaiq, which is regarded as tho 
most promising fiold yet located in this region. Many other favourablo structures 
havo boon found and await testing. Tho known resorvos of Saudi Arabia aro roughly 
ostimated at 4,000,000,000-5,000,000,000 brl., and goologists believe .that tho area 
immediately around tho Porsian Gulf will provo to bo ono of tho world’s greatest 
oil-producing regions. G. D . H.

929.* California Spurs Production to Meet War Demands. R. Wintorbum. World 
Petrol., April 1944, 15 (4), 4S.— During 1943, in spite of steadily oxpanding activity 
in development and exploration, withdrawals from stocks in California indicated an 
avorago deficiency in erudo oil production of about 75,000 brl./day. Various restric­
tions causod the completions in California in 1942 to be 569 wells, compared with 
941 in 1941. 1163 wolls woro comploted in 1943. In the absonco of thoso restrictions 
the additional wells which might havo boon drilled would probably have made tho 
present productive capacity, about 40,000 brl./day highor than it is. Othor obstacles
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to development liavo boon man-powor, and matorial and oquipment shortages, and 
the low prico of crudo. Many strippor wolls woro not producing during tho early 
part of tho war bccauso of low pricos, but a rovision of prices in 1943 returned many 
marginal, low-gravity oil wells to production and stimulated tho development of tho 
undrillod parts of tho same fiolds. A revision of prices for high-gravity crudes seems 
necessary.

Nearly all California’s curront production is from fields found moro than five years 
ago. Ninotoon fiolds havo boon oponod since tho beginning of 1939, but most of thorn 
havo thin oil-sand sections and comparatively small productive capacities. These 
ninetoen fields gavo about 38,000 brl./day in Docombor 1943, this being somo 4-8%  
of tho State’s total. Ten fields found in the preceding five-year poriod gavo 220,000 
brl./day in December 1943. Seven now fields were found in 1943, but only tho 
Ploasant Valloy Gatcholl sand area scorns likoly to givo any important incroaso in 
productivo capacity or rosorvos.

Exploratory drilling in northern California has increased, and eight now gas-fiolds 
were oponed in 1943.

Production in all restricted fiolds lias boon raised to tlio maximum efficient into. 
1850 idlo marginal producers of heavy oil havo boon returned to production. Most 
of the now wells comploted in 1943 wore in tho shallow heavy-oil areas of tho San 
Joaquin Valloy, on tho border of tho basin. 70G of tho 817 now San Joaquin Valloy 
oil-wells wore in these shallow fields. Drilling activity in tho Los Angoles Basin was 
largoly concentrated in the Wilmington, Huntingdon Beach, and Torrance fiolds. 
In tho Coastal area doop zonos are being dovoloped at Ventura Avonuo, while at 
Santa Maria Valloy tlioro has boon extension of the proved area.

There aro sufficient undrillod proven locations to permit continued drilling at tho 
present rato woll boyond the end of 1944, and considerably moro wolls aro likely to 
bo drilled than in 1943. It is oxpoctod that tho productivo capacity at the end of 
1944 will be 850,000 brl./day. The present daily demand of tho area is 950,000 brl.

G. D. II.

930.* Report on Petroleum Reserves. Anon. World Petrol., April 1944, 15 (4), 
50.— The A .P .I.’sostimato of U.S. crudo oil reserves at tho end of 1943 is 20,064,152,000 
brl., 18,641,000 brl. loss than at tho ond of 1942. It refors solely to tho proved or 
blocked-out reserves of crude oil (including condensate) known to bo rocovorablo 
under existing economic and operating conditions. Details are given by States of 
the proved reserves at the beginning and ond of 1943, the production during 1943, 
and tho new reserves found in 1943. G. D. H.

931.* Northern Alaska Naval Reserve to be Developed if Congress Grants Funds.
Anon. Oil W ily, 3.4.44,113 (5), 52.— Tho Point Barrow area of Alaska has formations 
similar to those which yield oil in various parts of U.S.A. and Canada. If funds are 
provided, geological and geophysical investigations will be made in this area. 0X1- 
scops aro known in this region.

The development of oil-fields in Northern Alaska will present many difficult problems.
G. D. H.

932.* Canadian Production for 1943 Drops Seven per cent. Under Figure for 1942.
Anon. Oil W ily, 3.4.44, 113 (5), 60.— During 1943, Canada produced 9,377,241 
brl. of crude, compared with 10,050,544 brl. in 1942. Now Brunswick gavo 25,405 
brl. in 1943, and the Ontario fields 138,457 brl. Alborta gave 9,213,379 brl. in 1943, 
and, of this, Turner Valley provided 8,991,528 brl., 710,191 brl. loss than in 1942. 
In December 1943, Vermilion was giving 516 brl./day (29 wolls), Taber 175 brl./day 
(4 wells), Wainwright 43 brl./day (7 wells), and Red Coulee 25 brl./day (7 wells). 
27 oil-wells had been completed in tho Norman Wolls area up to November, 1943.

A table lists the discovery year, 1942-1943 and cumulative production, and daily 
production at tho ond of 1943 for the various Canadian oil-fiolds. G. D. H.

933.* Refinery Completed in Arctic Russia. Anon. Oil W ily, 3.4.44, 113 (5), 64.—  
New oil-fields are reported to havo been developed in tho Izhma valloy in the Komi 
province of North Russia in 1943. A  refinery has boon completed at Ust-Ukhta, on
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tho Izhma river, its capacity being reported as ovor 30 million barrels per yoar. A 
now 1100-ml. railroad to IChabarova gii'os an outlot for tho mineral deposits of tho 
North Urals and the Pechora Basin. G. D. H.

934.* Wells Completed in the United States in Week Ended April 1st, 1944. Anon. 
Oil 1 Vklij, 3.4.44, 113 (5), 81.— 315 fiold wolls and 75 wildcats were complotod in U.S.A. 
in the wook ended 1st April, 1944. 12 old wolls wore deepened. A  total of 5383 
wolls has boon complotod in tho first three months of 1944. Tho corresponding figure 
for 1943 was 4301.

A tablo summarizes by Statos and districts tho results of fiold and wildcat comple­
tions in tho wook ondod 1st April, 1944, and givos cumulative totals for 1944.

G. D. II.

935.* Winkler’s Three Ellenburger Pools Expanding into Major Reserves. H. S.
Norman. Oil Gas J., 6.4.44, 43 (48). 26.—-About 1500 acres havo boon addod to the 
provon productive area of the throe Ellenburger fields in northern and eastern Winkler 
County, West Texas. Five new wolls havo boon complotod or have qualified as com­
mercial producors in preliminary tosts on tho Ellonburgor pay-zonos.

Tho Wheeler fiold was oxtondod noarly J ml. to tho north-east by a well which pro­
duces from 10,670-10,710 ft., and a ¿-ml. south extension is assured by another 
well. % ml. west of tho Whoolor discovery, anothor well, after acidization, has givon 
50 brl./hour and 1,000,000 cu. ft. of gas/day from 10,642-10,661 ft.

Tho Keystono Ellonburgor fiold 1ms boon extondod 1 ml. wost by a well which 
produced 1092 brl. in a 17-hour test, from 9610-9660 ft. 1 ml. south-oast of tho 
discovory woll a further tost has reached 8600 ft. Tho Kormit Ellonburgor field has 
boon oxtondod | ml. south by a woll which produces from 10,647-10,658 ft., and a 1- 
ml. north-west extension is indicated by a woll which has had a partially successful 
drill-stcm test at 10,699-10,741 ft. Tho packor failed aftor 10 minutes.

This Ellenburger oil is gonorally of 40° to 42° A .P .I. gravity, and comparatively 
froo from sulphur.

These deep wells arc very costly, and tho chorts in somo areas make drilling very 
slow. Moreover, rigs suitablo for drilling 10,000-ft. holes are not common.

G. D. H.

936.* Two Wildcat Tests Direct Attention to Oklahoma’s Anadarko Basin and Florida.
Anon. Oil Gas J., 6.4.44, 42 (48), 26.-»-In Oklahoma, Carter Oil Co. 1 Cottingham 
in 4-7n-3w has found a new deep Wilcox sand fiold. Tho oil-sand (tho Second Wilcox) 
is at a dopth of 10,625 ft. This has givon impetus to tho Anadarko Basin play, and 
two moro wolls will be drilled on the structure this year. Tho nearest Wilcox pro­
duction is at West Moore, 15 ml. to the south.

A doop well, 1 ml. west of Florida’s discovery well noar Sunni land, is reported in 
somo quarters to have shown only mud in a drill-stom test at 9800 ft., while others 
claim that oil showed-in the drilling mud. G. D. H.

♦
937.* Nine Tests Planned This Summer in Various Parts of South Dakota. Anon. 
Oil Gas J., 6.4.44, 42 (48), 102.— At least 9 test wells havo boen plannod for this summer 
in South Dakota. Ono well is to be drilled noar Gustavo in Harding County, and it 
may go to 8000 ft.

Two major tests wero drilled in 1943. An 8000-ft. well in Harding County was 
dry, while tho other well, i  ml. north of Ardmore in Fall River County, was complotod 
as a gas-well. In 1940, a 79S0-ft. well drillod near tho Harding Comity test found 
small oil shows in the limestone, and a considerable show in the Doadwood sandstone.

Thoro has boen considerable leasing recently, and interest in wostern South Dakota 
has been stimulated by a well in tho Nowcastle, Wyoming, area, a few miles from the 
South Dakota bordor. This 3852-ft. woll is expected to produce commercially.

G. D. H.

938.* Germany Fights for Oil. J. B. Eby. Oil Wkly, 17.4.44, 113 (7), 11.— Ovor 
one-third of the oil for the German war effort comes from the Ploesti area. Synthetic
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oil may provide 45,000,000 brl./yoar, or noarly 50%  of Germany’s requirements, 
while Germany’s domostic crude production is probably loss than 7,000,000 brl./yoar.

From 1933 to 1939 thoro was a markod increase in Gormany’s oil imports, and from 
1935 to 1939 tho annual rosorvo for storogo ranged 5-10 million barrols. From Sep­
tember 1939 to Juno 1941, tho Gorman war machine was using up oil fastor than it 
was being producod, for Frodborg ostimatos that for a full yoar of offonsivo warfaro 
105,000,000 brl. of oil would be needed by Germany’s armed forcos. Honco it was 
desirable, from Germany’s point of view, to socuro tho oil rosourcos of tho Caucasus 
and the Near East. Gormany occupiod tho Maikop fiolds aftor thoy had boen 
thoroughly scorched by tho Russians, and it is doubtful whether sho obtained any 
holpful quantity of oil during tho occupation. Tho Malgobok field of tho Grozny 
aroa was also occupiod.

On tho homo front, thoro was now drilling in Nionhagon, Wiotzo, Olhoim and Oborg 
fiolds, and tho Nionhagon field had a notable extonsion. Thumon roports now fiolds 
or valuablo prospocts at Steimbko, Broistodt, Adolfs-Gluek, Sottorf, Togornsee, 
Eicklingon-Sandlingon, Roitbrook, Worms, and Mockofold, most of which aro in tho 
North German plain aroa. Tho Roitbrook fiold noar Hamburg was probably the best 
in promise up to 1939, according to Thumon, but thoro is little indication of their 
performance. Tho Hoido field of Holstein producos gas. Haack mentions discovorios 
at Molmo, Fallorslobon, Rodonwald, and Fallstein within tho North Gorman basin.

In 1937 liigh-prossuro hydrogonation of hard coal producod noarly 6,750,000 brl. 
of synthotic gasolino, about 90%  of Gormany’s synthetic gasolino output that year. 
Figuros for synthotic oil production since war began havo boon kopt a socrot, although 
various ostimatos liavo boon made. Frodborg’s consumption figuros of 112,000,000 
brl./yoar for dofonsivo war and 165,000,000 brl./yoar for offonsivo war, if roliable, 
suggest that Gormany’s oil production from all sourcos must bo far greater than tho 
available data would indicate. Tho trond of somo Gorman propaganda on air raids 
may bo construed as pointing to an oil shortago.

If tho Roumanian fiolds fall into Russian hands, 35-40%  of Gormany’s oil supply 
will havo gone.

Tablos give data on Gormany’s oil production, consumption, imports, and on tho 
production of potroloum substitutes in Europe. Somo maps aro included. G. D. H.

939.* Efforts to Extend Poza Rica Field Highlight Drilling in Mexico. Anon. Oil 
Wkltj, 10.4.44, 113 (6), 32.— Tho Poza Riea field is boliovod to havo boon outlined 
dofinitoly east of tho Cazonos rivor, whoro flank wolls havo shown water encroachment, 
and offorts havo boon made to dofino the western limits in tho San Miguol Moeatopoc 
area wost of tho river. In this connection a few small producers were drilled in 1943, 
and 2 wolls, ono giving 4500 brl./day, havo boon complotod in 1944.

4 ml. north-wost of tho famous Dos Bocas well, Pomox Rancho Nuevo 1 has found 
salt water at 6600 ft. This may have boon searching for a structure on ooholon with 
tho Goldon Lano aroa. Other wildcats aro under way noar Guerrero, San Luis Potosi 
State (30 ml. soutli-wost of Panuco), and in Voraeruz State, somo 15 ml. wost of tho 
Goldon Lano structure, just north of tho Tuxpan river.

In 1943, 16 wolls were completod in Mexico, 9 being failures. The production 
avoragod 95,600 brl./day in 1943, compared with 95,110 brl./day in 1942. Poza 
Rica gave 20,500,000 brl. in 1943. Its potential recovery is estimated to be 545,000,000 
brl., of which about 35%  has boon recovorod. This field has 50 wolls, a few of which 
aro closed in because of water and other troubles.

Moxico’s exports wore 5,350,000 brl. of oil in 1943, 25%  boing crude.
Tablos give data on well completions in recent years, on tho drilling activity at tho 

boginning of 1944, and on tho production since 1940. G. D. H.

940.* United States Completions for First Quarter Running Ahead of 1943 Record.
Anon. Oil WHy, 10.4.44, 113 (6), 52.— More rigs wore operating in U.S.A. at tho end 
of March than at the beginning, and in tho first quartor of 1944 22%  more wolls were 
comploted than in the corresponding period of 1943. Increased drilling over 1943 
is shown by most States and districts except Arkansas, Illinois, North Louisiana, 
Texas Panhandlo, and South-wost Texas. The incroasos were above tho average 
in California, Kentucky, Michigan, Mississippi, Montana, New Mexico, East Texas, 
North and West Central Texas, Wost Texas, Coastal Texas, and Wost Virginia.
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A t tlio ond of March thoro woro 2S98 wolls drilling and 375 rigging.
A tablo summarizes by States and districts tho completions in March 1944 and during 

the first quartor of 1944, and givos some 1943 figuros for comparison. G. D. H.

941.* Size of American Holdings in Near East Revealed. Anon. Oil Wkly, 10.4.44, 
113 (6), 53.— The joint holdings of tho Standard Oil Company of California and the 
Texas Company through tho Arabian Amorican and Bahrein Potroloum Companios 
aro about 278,372,000 acros on tho west sido of tho Persian Gulf, all oxcept about 
100,000 acres boing in Saudi Arabia. The Gulf-Anglo-Iranian holdings in Kuwuit 
may amount to as much as 5-G million acres. G. D. H.

942.* Shell Acquires Large Area in South Alberta. Anon. Oil Wkly, 10.4.41, 113 
(6), 53.— Tho Sholl Oil Company of Canada has acquired an oxploration and dovolop- 
mont loaso on about 54,000 acros of Crow Indian territory in tho southern foothills 
rogion of Alborta. Tho block is travorsod by tho Groaso Crook in tho south ami by 
tho Fallon Timbor Croek in tho north. G. D. H.

943.* Wildcat Activities in Colombia Are Reported. Anon. Oil Wkly, 10.4.44, 113
(G), 53.— Early in March, Sholl’s San Angol 1 was testing aftor roaching a depth of 
9130 ft. Dificil 2, drillod to 6410 ft., was also tosting. Rotiro 1 is halted at 5802 ft., 
and oloctric log and formation tosts havo boon made, although tho rosults havo not 
boon announced.

Cantagallo 4 has boon drillod to 6881 ft., ponotrating tho top of tho Crotacoous. 
This is 1000 ft. bolow tho top of tho same formation in Cimitarra 1.

Casabo 16 was comploted lato in February for 930 brl./day, and Casabo 15 is tosting. 
Casabo 17 is drilling. Socuavo 6, 7, 8, and 9 aro in various stagos of progress, and tho 
samo is true of Bocas 4 and 5.

In tho Llanos, Sholl’s San Martin 1 is shut down awaiting tho arrival of a fishing
tool. G. D. H.

944.* Sixteen Wells Drilled in Peru During Year. Anon. Oil Wkly, 10.4.44, 113 
(6), 53.— During 1943, drilling in Poru was limited to tho Lobitos region, whero, out 
of 16 completions, 3 found oil and 3 found gas ; tho rest woro dry. At tho ond of tho 
yoar the Peruvian production was about 38,000 brl./day. G. D. H.

945.* Completions Lag 14 per cent. Behind Quota. C. J. Dcogan. Oil GasJ., 13.4.44, 
42 (49), 117.— 4654 wolls woro completed in U.S.A. during tho first quartor of 1944, 
compared with tho P.A.W . quota of 5400 wolls. All the P.A.W . districts foil bolow 
their quotas, tho figures boing 11%, 3% , 23% , 22% , and 10%, for Districts 1, 2, 3, 4, 
and 5, respectively. In Districts 1 and 5 thoro was no major transportation problem, 
but there is a crudo shortago, and tho completion doficioncy is attributed to lack of 
man-powor and equipment, and to inadequate crudo pricos. Districts 3 and 4 lack 
transportation outlets, and companios operating in both Districts 3 and 2 soem to 
havo concentrated their man-powor and equipment on the lattor, especially when 
thoir rofinorios lie in that district. Moreover, in much of District 2, 10- and 20- 
acro spacing is permitted. Man-powor and equipment shortages and low pricos havo 
affected activities in all districts.

Drilling contractors state that tho drilling time on wells is continually increasing, 
and on deep wells, in some cases, it is 25-50%  longer than normal. Somo of this 
incrcaso is due to tho condition of tho equipment, as woll as to tho gonoral lower 
standard of tho available employoes.

Statistical data on completions and quotas aro given. G. D. H.

946.* Colombian Production Drops from Wartime Peak. Anon. Oil Gas J., 13.4.44,
42 (49), 124.— In January 1944, Colombia produced 1,266,034 brl. of crude, 583,947 
brl. loss than in Docombor 1943. Tho January, 1944, natural gasolino production was 
351,725 brl.

Tho total crudo production in 1943 was 13,271,212 brl.
A  tablo gives the production by months for 1942 and 1943. G. D. H,
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947.* Wildcat Completions and Discoveries. Anon. Oil Gas ■/., 13.4.44, 42 (49), 
331.— In tho weok ondod 8th April, 1944, 67 wildcats wore comploted in U.S.A., nine 
finding oil, and one gas.

A  table summarizes tho rosults of wildcat completions by States and districts, for tho 
weok ondod 8th April, 1944, and gives tho cumulative totals to that dato. G. D. II.

948.* Geological Developments in the South-eastern Gulf Coast States. H . R. Branlc- 
stono. Oil Gas,/., 20.4.44, 42 (50), 58.— Tho Amory gas-field of Mississippi was dis­
covered in 1926. Production is from shallow wolls in the Hartsollo (Mississippian) 
sandstone. In 1930, tho first well of tho Jackson fiold was drillod. This field obtains 
gas from sands in tho Selma Chalk (Uppor Cretaceous) over an area of 7500 acros. 
Tho structuro, which has 1500 ft. of closuro, is believed to bo of igneous origin. Tho 
Tinsley fiold, discovered in 1939, first producod oil from tho Woodruff sand of Selma 
ago, tho producing horizon being correlated with tho Jackson field’s gas horizon. 
Thoro aro 6 pays in tho Solma, Eutaw and Tuscaloosa. Tho structuro is a faulted 
domo. In 1940, tho Pickons fiold was found. Oil is obtained from tho Wilburn sand 
of tho upper Eutaw, and accumulation is controllod by faulting which interrupts tho 
south and south-wost dip of tho bods. Tho productive area is about 2000 acros. Tho 
Caroy fiold was discovered in 1941, oil boing in a sandy limestone of Solma Chalk ago. 
Tho fiold is on a small structuro on tho oast flank of tho Sharkoy County High.

109 tests woro drilled in Mississippi in 1943, 76 boing considered wildcats. Tho 
Flora fiold was discovered, but 6 subsoquent wolls in it wore dry. A considerable 
amount of goophysical work was carriod out in tho southern two-thirds of tho State. 
Deep and shallow salt domos aro known to occur in tho Mississippi salt-dome basin. 
Other possiblo oil traps aro faults interrupting tho rogional dip, and pinch-outs.

During 1943 Mississippi producod 18,868,000 brl. of oil, compared with 27,545,000 
brl. in 1942.

Ton wildcats woro completed in Alabama in 1943, 5 tests being in tho Warrior Coal 
Basin, and 5 in tho south-western aroa. Tho drilling has addod geological information, 
and it is beliovod that tho massivo sand of tho basal Tuscaloosa offors a roasonablo 
chanco of production. Tho Eutaw is present, but this is shale-chalk rathor than sand. 
A doop woll indicates that tho Cotton Valley and Smackover will bo prosont.

Four wildcats wero completed in Georgia in 1943, but only one showing was roportod 
(in Wayno County at a depth of 680 ft.). Scattered drilling in tho past four yoars has 
shown that tho southern third of the State may bo of interest.

During 1943, 11 tosts woro drillod in Florida. A tost in Collier County found oil 
showings in dolomite and limestone at 9800-9848 ft. (Lower Crotacoous), and saturated 
limostone at 11,600-11,626 ft., which on test gave several hundred barrels of fluid 
por day with 25%  oil. Bods of similar ago aro reported to have givon oil showings 
in Mississippi.

Tho surface formations of Mississippi, Alabama, and Georgia dip towards tho coast 
and mask tho subsurface structuro. Tho Sharkey County Uplift is associated with an 
area of igneous activity which involvos the Monroo and Richland gas fiolds of Northern 
Louisiana. Shows of oil havo boon located in drilling on tho McHenry High, and thero 
are oxcollont sands in the Eutaw and Tuscaloosa (8000-10,000 ft. deep). Commercial 
accumulations of oil seem likoly in four horizons in tho basin wost of tho McHenry 
High and south of the Jackson Uplift. Tho Hatchotigbee Anticline of southorn 
Alabama has beon tested without success, although beds aro present which produco 
elsewhere. Oil and gas may bo present in bods on the Ocala Uplift.

There may be 18,000 ft. of sediments in tho southern part of Mississippi or Alabama. 
Tho Wilcox occurs in Mississippi, Alabama, and Georgia, and produces at Cranfiold 
in Mississippi. Tho sands in this sand and shale formation aro lenticular. Tho Solma 
Chalk is one of tho most important pays in Mississippi. It varios in Iithology and 
thickness. Tho Eutaw is predominantly sandstone and shale, tho former being 
lenticular. The Tuscaloosa consists of sands and shalos, oil occurring in tho uppor 
part. The thieknoss ranges 900-2000 ft., and tho sands pinch out irregularly. On 
structuro tho Paluxy lies unconformably below tho Tuscaloosa. Shows of oil havo 
boon roportod in Mississippi. Deep drilling has shown that tho Lower Glonrose may 
bo present in Alabama and Florida, as woll as in Mississippi whore it has oil and gas 
showings.

A map and stratigraphical column are included. G. D. H .
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949.* Wildcat Completions and Discoveries. Anon. Oil Gas J., 20.4.44, 42 (50), 
109.— In tho wook ondod 15th April, 1944, 58 wildcats wero completed in U.S.A., 
9 finding oil and 1 gas.

The wildcat completions aro tabulatod by Statos and districts, with cumulative 
totals for 1944 to tho 15th April. G. 11. H.

950. Exploratory Activity for Quarter Exceeds Government’s Goal. L. J. Logan. 
Oil Wkly, 24.4.44, 113 (8), 75.— 865 oxploratory holes havo boon complotod in U.S.A. 
in tho first quartor of 1944, 114 moro than in tho corresponding period of 1943. 160 
of these tosts havo proved productive, compared with 124 in tho same poriod of 1943. 
24 important oxtensions havo boen made to established fields in tho 1944 poriod, and 
68 now oil-fiolds, 17 new gas-fields, and five now distillate fields have been found. 
23-3% of tho 270 tosts complotod in March woro successful, and there woro 52 now 
fiokls and new pays. Tho March oxploratory drilling was nearly at the March 1941 
level. In March, 1944, now resorvos of oil and gas woro found in Toxas, Louisiana, 
Oklahoma, Kansas, California, Wyoming, Illinois, Ohio, and Michigan. Toxas had 
30 of tho now fields and now pays ; Kansas had 9 and Illinois 5. Two now oil-zonos 
have boon found abovo 4500 ft. in tho Buona Vista fiold, Korn County, California.

Tho Lake St. John field, Tonsas Parish, North Louisiana, has boon oxtondod, and 
t his may stimulate increased exploration for tho Tuscaloosa doop oil-sand in tho region. 
Another seemingly important March discovery is in Winkler County, Toxas, where a 
promising Clear Fork lime oil rosorvo has boon found, while there are also possibilities 
of Ordovician production.

Tables summarizo tho rosults of oxploratory drilling in U.S.A. during March and 
during the first quarter of 1944. A  list is givon of tho discovorios in March 1944, 
with tho namo, placo, dopth producing horizon, mode of discovory, etc. G. D. H.

Geophysics.

951.* The Radioactivity and Organic Content of Some Palaeozoic Shales. R . F. Boor. 
Oil Gas J., 23.3.44, 42 (46), 105. (Annual Mooting of Amor. Assoc. Potrol. Gool. 
and affiliated Societies, 21st-23rd March, 1944.)— Measurements of tho total beta 
activity, tho total alpha activity, and the radium content,permit tho determination 
of tho radioactive substances in sedimentary rocks, tho important radioactivo sub­
stances being uranium, thorium, and potassium. Tho radioactivo substances aro 
found mainly in association with the heavy- minerals of sands and sandstones; as the 
aetivo potassium isotope in evaporites, oilfield brines, in micas and other pctassium- 
boaring minerals in clays and shales; and in tho uranium and thorium content of 
shales, clays, impure limestones and marls, shaly sandstones, and organic sediments. 
Puro limostonos and quartz sands have practically no measurable radioactivity, but 
black shales with up to 16%  of organic matter have been found to carry high concen­
trations of tho throo main radioactive elements. Individual shale formations showed 
good correlation between the uranium content, tho thorium-uranium ratio, and tho 
carbon content. G. D. H.

952.* A Geophysical Survey of Kuwait, Persian Gulf. P. H . Boots. Oil Gas J.,
23.3.44, 42 (46), 105. (Annual Meeting of Amor. Assoc. Potrol. Geol. and affiliated 
Societies, 2lst-23rd March, 1944.)— Prior to geophysical survey in 1936-1937 thoro was 
very little geological information available about Kuwait, which covors 12,250 sq. 
km. Magnotomoter and gravimeter reconnaissance surveys soon revealed an anomaly 
which was investigated seismographically. Eventually tho gravity survey covored 
tho whole country-. The seismograph survoy outlined tho structure which on drilling 
proved to bo a largo oil-field. G. D. H.

953.* Subsurface Correlation by Detailed Electrolog Tabulation. M. M. Kornfeld. 
Oil Gas J., 23.3.44, 42 (46), 109. (Annual Meeting of Amor. Assoc. Potrol. Geol. 
and affiliated Sociotios, 21st—23rd March, 1914.)— Starting with the usual skeleton 
control of known stratigraphic markers or palseontological data, further correlations 
proceed independently, sole reliance being mado on close inspection and comparison 
of eloctric logs, assisted by suporimposition on a light table. Multiple control points
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aro usod to substantiate individual comparisons to ensure tho accuracy of any ono 
correlation. Only tho most obvious correlations aro recorded in tho oarly stages. 
Progress is always from known to unknown, loap-frogging all obscure zones until 
complote positivo correlations aro established. Then each obscure zono is studiod in 
dotail, and furthor correlations aro made if possiblo.

Difforoneos botweon correlation points aro not calculated until all comparative dopths 
aro completed and tabulated, thoroby ensuring unprojudicod correlations froo from 
any influence of other comparisons abovo or below. Once tho information is tabulated 
and ready for study, furthor dopondonco on tho oloctrolog strips is romovod, oxcopt 
for chocking possiblo orrors in reading or for oxamining special parts for details of 
doparturo from normal.

Tho abovo method of detailed comparison providos tho tabulatod quantitative data 
of a high dogreo of precision. It avoids the lottoring and colouring of olectrolog 
sections. Discropancios in scalo or distortion of oloctrologs duo to lack of uniformity 
in printing aro minimized or oliminatod by quantitative tabulation. Isopach calcula­
tions are mado from tho tabulations instead of from oloctrolog strips. G. D. II.

954.* Reflection Seismograph Performance Along tho GulE Coast. E. E. Rosaire. 
Oil Wkly, 10.4.44, 113 (6), 16.— At prosont tho rofloetion seismograph must bo con­
sidered as tho dominant prospocting method, for thoroby a largo proportion of all 
prospects aro evaluated and most tost locations aro mado. Since about 1930, tho 
reflection seismograph lias dominated Gulf Coast oil prospocting, and currontly this 
aroa is tho scono of operation of about 25%  of all tho rofloetion crows working in 
U.S.A. A  measure of tho succoss is the ratio of attainment to offort, and this can bo 
oxprossod in sovoral ways : (1) the achievement ratio— number of confirmations por 
crow-yoar ; (2) initial risk of discovery— crow-years per producing structure discovered 
(or confirmed) ; (3) gross reward ratio— millions of barrels of oil found por crow-year.

Tho term “  confirmod ”  is used in proforonco to “ discovered ”  to avoid argument as 
to whether full or only partial credit is to bo given to tho reflection seismograph. This 
usage is important not only in tho early stages of a method (when it may contribute 
materially in the evaluation of prospects already indicated by othor techniques), 
but also in the lator stages whon tho method has only marginal anomalios to find 
(when another technique may contribute materially to tho location of a tost woll).

For the purposo of this analysis, tho discovered oil volumes havo boon croditod back 
to tho year of discovory of oil or gas in a given field.

Thoro is a lag botwoen prospocting offort and achievement, and an attompt has boon 
mado to dotormino this by trial and orror. Running throe- and two-year averages 
woro tested with two- and ono-yoar lags, and tho most roasonablo fit was found with 
running two-year averages and ono-yoar lag. Tho avorago3 woro plotted as ordinates 
with time as abscissæ. In tho activity plot the curvo rises increasingly stooply aftor 
1929, roaches a peak in 1937, and drops to a minimum in 1940, followod by a riso. 
Tho confirmation plot has a low peak in 1931, a much higher peak in 1937 after a 
steady rise, and then it oscillates at a high level. Tho discovory volumo plot has a 
low peak in 1931, and a high peak in 1934, after which there is an irregular decreasing 
trend.

In plotting tho throe measures of success using two-year running averages and ono- 
yoar lag, tho measure of succoss may bo referred to tho discovory year or to tho pre­
ceding year of tho exploration.

Tho achiovemont ratio shows a rising trend in spite of tho accumulating hazard 
resulting from the growing rocord of discoveries croditod to tho rofloetion seismograph. 
This riso can bo attributed to tho improvements of tho method, to tho increase in tho 
number of the prospects as tho general level of promise falls, and to increase in tho 
amount of subsurface data available. Tho trend is similar for tho rest of U.S.A. 
The initial risk is tho reciprocal of tho achiovemont ratio, and if tho latter is linear 
tho former should bo hyperbolic, or approximately exponential over a Iimitod range. 
On plotting tho initial risk ratios on a logarithmic scalo tho data are ropresontablo by 
a straight declining line, which shows that over a period of about ton yoars tho initial 
risk of finding a producing structuro has fallen by 50% .

Tho gross-roward ratio has been found by dividing tho two-yoar running averages 
of tho annual discovory volumes by the two-year running averages of tho activity 
one year oarlior, and this ratio has boon plotted on a logarithmic scalo. Thoro is an
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exponential docroaso of tho gross reward, and it is halved ovory 2-5 yoars. Joint 
consideration of the initial risk and gross roward trends shows that if these two trends 
persist “ successful ”  prospoeting can hardly bo anything but a losing vonturo, since 
tho latter doorcases more rapidly than tho former.

A  numbor of tables and figures are included. G. ID. H.

Drilling.

955.* Problems of High Pressure Drilling in India. W . A . Sawdon. Petrol. Engr, 
March 1944, 15 (C), 67-70.— Drilling practices in tho Khaur field in tho Punjab 
Province of India aro doscribod. Production from tho Khaur field comos from both 
shallow and doop zones. Although somo oil is boing takon from small, old wolls at 
very shallow dopths, most of tho production is from zonos up to 3800 ft. in dopth and 
from a doopor sand found at approximately 5600 ft. Tho oxtromoly high pressure of 
a water sand at approximately 5000 ft. makos tho drilling of tho doopor wolls somo- 
what difficult. Much troublo was oxporioncod in gotting through this sand whilo 
drilling tho earlier of tho deep zono wolls, but methods and equipment havo since boon 
dovolopod to ensure successful passago through tho high-prossuro zone.

Tho high-prossuro sand mado a tromondous volumo of water during tho drilling of 
the first wolls, but this volumo was deplotcd as more holos woro drillod. Tho pressure, 
however, built up rapidly when the sand was penotrated, so tho drillor watched the 
liolo carefully as ho approached tho top of tho zone to obsorve whether tho fluid 
ineroasod. Wlion tho sand was reachod, tho circulating system was closod in, and 
drilling from that point continued under pressure until the high-prossure sand was 
drilled through and tho wator-string was run and cemented. Whilo going through 
this zono, drilling was dono eithor with back pressure boing hold on tho mud returns 
by means of flow-boans or with tho circulating systom completely closod and the mud 
fluid returned directly to tho suction ond of one of tho pumps. Conditions govornod 
which mothod was to bo used, and connections wore so arranged that tho drillor 
could switch from ono mothod to tho other whenover ho thought it dosirablo.

Casing programmes and details of mud system, pressuro drilling, drill pipe, and of 
completion aro given. A . H . N.

956.* Oil Well Cementing. Part 2. C. A. Pitts. Petrol. Engr, March 1944, 15 (6), 
87.— Tho second part of this paper deals mainly with squoozo cementing thoory and 
practice. At tho ond of tho papor conclusions are roachod to tho offoct that in multiplo 
sand-wells tho most common cause of casing comontation failure is due to too littlo 
cement boing run to cover all producing zonos proporly. This problem can bo ovor- 
como by the use of data from caliper and temperature survoys. Channelling of cement 
slurries can bo eliminated by displacing tho cemont into tho aimulus at a velocity 
high enough to maintain turbulent flow conditions. By running enough oxcess ccmont 
to bring tho point of hydrostatic balanco of the cemont columns insido and outsido tho 
casing to o level above the top producing zono, top contamination difficulties can bo 
overcomo. Even though cement is placed in such a mannor as to eliminate channelling, 
some formations may not bo proporly sogregated. Tlio characteristics of somo forma­
tions may bo such that they cannot bo overcome by normal cementing methods, and 
research work is being dono on this problem. Tho most economical and satisfactory 
mothod found to dato is that of squoozo cementing through perforations after the 
casing cementation.

Squeeze comonting failures are invariably tho result of placing insufficient cemont 
in tho well and in such a way that it will not set in tho desired place. This problem 
can bo largely overcome by squeezing at tho most logical points abovo and below or 
in tho producing zone. Control in placement of slurry squeezed through perforations 
is facilitated by reducing tho number and oxtont of perforations to a minimum and 
by doing all squoozo comonting work prior to perforating tho producing zono for pro­
duction tests. Cemont slurries thus proporly placod must bo givon a chance to sot. 
To ensuro that the sot will not be disturbod by agitation, otc., it is best to perform 
tho squooze job so that tho cemont is caused to sot by dehydration. Such dohydration 
can bo recognizod by obsorving surface pump pressure. A . H , N.
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957. A Method of Drilling in Deep Water. H . E. Gross. Petrol. Tech., March 1944, 
7 (2), A.I.M.M .E. Toeh. Pub. No. 1722, 1-8.— Tho waning supplies of oil in U.S.A. 
mako it dosirablo to develop oil-fiolds in now provinces, among tho most attractivo 
of which appoar to bo submarino doposits, notably tho Groat Lakes, whoro tho possiblo 
rosourcos will bo shallow and tho water is not so rough as in tho opon soas. Tho 
shallower parts of tho lakos could be drillod by tho subinorsiblo bargo of Giliasso, 
which is suitablo for wator loss than 10 ft. doop, and not opon, as óffshoro in tho Gulf 
of Moxico or tho Pacific Ocean. Conventional rigid foundations aro capable of with­
standing rough soas in 10-40 ft. of wator, but thoy aro unsuitable economically. Tho 
different typos of rigid foimdations cost S5000-S90.000, depending on tho dopth of 
water and typo of construction. By directional drilling several wolls can bo drillod 
from a singlo foimdation.

A portable buoyant marino foimdation is doscribod which would bo suitablo for 
wolls up to 3500 ft. deep. For wator 30 ft. doop tho cost would bo about S3000. 
Tho foundation consists of vortical buoyant legs mado of casing, with buoyant hori­
zontal compression mombors, and rod sway-bracing, tho whole boing set on stout 
skids with a too, to facilitate dragging from tho beach where it is assembled. Docking 
is placed on top to carry tho dorriek, and when the foundation is in position sand and 
gravel aro dumped on tho skids to provont movement or overturn in rough weather. 
This typo of foundation might be used in wator as deep as 100 ft., and could bo moved 
from one location to anothor after jotting away tho sand and gravol from tho skids 
and removing any other tie-downs.

For water up to 600 ft. doop, and where high oil rocovorios or tho possibility of 
moving tho foundation to now sites would justify tho cost, a moro elaborate foundation 
is suggested. This has buoyant skids of casing, and logs mounted on thorn, following 
the log tapor of a dorriek, the logs boing so spaced as ultimately to provide a platform 
of suitablo width for tho derrick. Tho first section of tho foundation is built on tho 
boach, with buoyant compression mombors and rod bracing. It is towod to sea until 
noarly submorgod, whereon tho second section is added. It is thon towod farthor 
out, and tho third section is added, this process boing continued until tho drilling sito 
is reached. Sand and gravel are placed ovor tho skids. If tho foundation is to 
remain pormanontly, tho legs may bo drillod through with a portablo rotary for about 
200 ft. into tho soa-floor, and thon anchorage pipo may bo combated.

An alternative foundation for wator up to 100 ft. doop has a squaro-basod pontoon 
with vortical sidos and a central hole through which drilling can procood. About this 
is built a spread footing and tho lowost soction of tho vortical towor, tho legs of which 
consist of anglo irons which act as vortical guidos for movement of tho pontoon re­
lativo to tho towor. Aftor completing tho first tower soction, tho assombly is towod 
to doopor water and a second soction is added, this process boing ropoatod until tho 
woll sito is roachod. Air-fillod drums may bo used to facilitate movement during 
tho building, but thoso aro finally romovod, hydraulic anehorag03 aro driven into tho 
sea-floor, and sufiiciont water is admitted to tho pontoon to sink it 10-20 ft. bolow 
wator lovol, in which position it is secured. Sand and gravol aro placod ovor tho 
aproad footing, and a rig platform is built. Lator tho wator is pumped out of tho 
pontoon to reduce tho load on sections of tho towor bolow tho pontoon.

All thoso typos of foundations offor a minimum of cross-soctional aroa to winds 
and wavos. In order to avoid floe-ico trouble in tho Great Lakes, gas-wolls would 
bo complotod with well-head fittings just abovo tho sea floor and with a submarine 
pipe-lino and provision for de-watoring. An oil-field might havo similar fittings, tho 
field boing flowed to depletion by an inducod water-flood, startod when tho fiold is 
brought in. G. D. H.

958. Reeling Unit Extends Liie of Wire Lines. Anon. Oil Wkhj, 27.3.14, 113 (4), 
15-16.— Ono company, oporating a number of rigs, givo3 its linos tho bast possiblo 
care in handling an ingonious somi-trailor wire-lino spoolor, independently powered, 
which requires but ono man to oporate, and which has ampio power to pormit con­
trolled tension winding or food off of tho lino' Tho frame of this unit utilizos tho roar 
lialf of a discardod hoavy-duty truck, tho front soction of tho framo boing cut off, 
given a high lift, and shaped to fit over tho king-pin section of the trailer unit intondod 
to provide motive power for transferring tho unit through company proporty. Tho 
roar axlo is retained, tho dual wheels being required to support tho anticipated woiglit
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of rooling unit and heavy lino, while tho brake systom provides necessary control on 
grades. On the foundation provided by the reconstructed truck frame is located 
the powor unit, consisting of tho ongino and roar axlo from a light truck, tho engine 
being sot up between tho sido frame members, and driving tho roar axlo through a 
shortened, conventional propollor shaft with tho usual universal .joint complement 
retained to insure required flexibility. In placo of tho formor wheols, sprockots aro 
fitted, to run on the bearings which formorly sorvod for tho drivo wheols of the truck. 
By arranging the drive through tho differential so as to allow oithor end of tho axlo 
to bo driven as dosirod, ono sprocket may bo usod to power tho reel, while tho other 
end serves to actuato tho rool-lifting dovico. Tho unit is photographod and dotail 
aro givon. A . H . N.

959.* World’s Deepest Well Drilled in West Texas. C. C. Pryor. Petrol. Engr, 
April 1914, 15 (7), 72.— Tho world’s deepest woll record was passed on 28th March, 
1944, and a now record is being established in Pecos County, Texas, by the Philips 
Petroleum Company Rig No. 20 with tho Ada Price No. 1. The well was drilling at 
15,255 ft. on 12tli April, when a now core was taken. This is 251 ft. beyond tho 
previous record-depth well of 15,004 ft. Tho deep wildcat was spuddod on 30th June, 
1942, 1980 ft. from the north ond west lines, section 11, block 101, T.C. Ry. survey. 
Tho woll is 35 miles south-south-east of tho Apco pool and 30 miles south-east of Fort 
Stockton and Yates. Decision to drill on tho block resulted from a combination of 
gravity and core drill work, the area lator boing surveyed by soismograph. No 
particular depth of tho well has been announced oithor before or since tho record 
depth was passod. Tho objective of tho oporators is a thorough tost of the oil- and 
gas-bearing possibilities of tho structure.

Details of formations, drilling oquipment, and casing draw-works arc given, and tho 
power plant is described in somo detail. The power for tho main mud pump is de­
livered by tho third diesel on tho draw-works by 18 v-belts. This pump is on the 
ground lovol behind the draw-works and engine structure. The size of tho main 
pump is 8 in. x  20 in., 425 b.-hp., and is divided-cylinder valve-pot type of construc­
tion. It has an average displacement of about 700 g.p.m. and oporatos at about 
1500 lb. Tho gear ratio is 5 : 1. The suction pipe is 10 in., and tho dischargo, which 
is equipped with a 2-in. relief valve, is 4 "  in diameter. Tho pump was fitted with 6-in. 
linors as the well depth increased. An auxiliary, or standby, pump of tho same typo, 
7J in. X 16 in., was also diesol-engino driven with v-bolt powor transmission. It has 
a gear ratio of 4-77 : 1, b.-hp. of 250, and intake pipo sizo of 8 in. and 4 in. dischargo. 
Average mud weight used in tho woll was 12-1 lb., having a viscosity of about 50. 
The woll was drilled to 12,839 with 11-3-lb. mud and cliangod to 12-1. Further mud 
conditioning was mado at 12,851 ft., 12,947 ft., and 14,088 ft. Vibrating screon- 
typo shale shakers woro usod. Drilling mud was slightly gas-cut at several depths 
during drilling. Information on the dopths of possible production, howover, lias not 
yot boon roloasod. Electric logs were run at total dopths of 10,008 ft. and 15,007 ft. 
A geophono survoy was run at 15,020 ft., and a temperature survey at the same dopth 
with two thormomoters recordod 235° and 240°. In view of tho hard formations 
drillod in tho well, little difficulty was experienced with deviation of the hole. The 
greatest deviation occurred at 3130 ft. and was 1|°. The average deviation of tho hole 
was about ¿°. A . H . N.

960.* Portable-Derrick Drilling Units. W . A . Sawdon. Petrol. Engr, April 1944, 
15 (7), 154.— Portable equipments aro defined and classified and general descriptions 
are given of main and subsidiary parts. Difforont typos of masts and derricks are 
discussed. Crown blocks aro of various dosigns, somo boing mado intogrally with the 
dorriek or mast. A  recent development is designed to provide simplo ovor-and-ovor 
reaving of tho drilling lino to eliminato cross-over of tho linos and insure travelling 
of tho block in a straight line without drift or fleot angle. Tho shoavos aro mounted 
in lino so that all drilling lines aro parallel and in tho samo plane as they feed to and 
from the block. This feature prevents twisting and drifting of tho travelling block 
and eliminates pull-back from the centre of tho hole, permitting tho block to travel 
in a vertical line without risk of striking tho bracing of the derrick or tho fingor-board. 
This particular design is mado in two types, ono for use where the fast line conies down 
inside the derrick, and the other where it comes down to tho draw-works outside tho
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derrick. In tho latter typo the fast 1 lino shoavo is of a largor diamotor than the other 
sheavos and is mounted eccentrically with rospoct to tho bearing shaft of tho other 
shoavos. Tho groove of tho largo shoavo is in lino with tho groovos of tho other 
sheavos on tho insido of tho dorriek, but oxtonds boyond on tho other sido to clear 
completely tho outside of tho derrick. Tho fast lino thus oporatos 011 a largor shoavo 
than the other linos and reduces tho speed of rotation of tho fastost shoavo. Somo 
oquipmont, such as rotary hoso, is permanently moimtod in tho portablo dorriek. 
Swivels aro, of courso, of sizo to fit tho rig, and special light swivels with short bails 
havo boon dosignod for use with portable rigs. Duo consideration must, of courso, 
bo given to fluid passago, which must bo adequate for tho operation and drilling methods 
contemplated.

Tho rotary table is sometimos a part of the drilling unit (as in the case of somo solf- 
propolled outfits), and is thon dosignod to co-ordinate with tho rest of tho drive 
mechanism. Most typos of portablo rigs, howovor, employ special small tablos that 
aro now boing suppliod to facilitate operations on tho confined floor of tho portablo 
dorriek. For oxamplo, thoro is tho 12£-in. light-weight machine mado with 36-in. 
spacing botwoon tho sprockot and tablo centre. Thoso small tablos accommodate 
tho drill pipo now boing used with tho portable oquipmont, as this drill pipe is seldom 
of diamotor greater than 4 J in. Tablo speeds up to 250 or 300 r.p.m. are practicable 
with many designs. Slips, bushings, etc., aro described. A. H . N.

961.* Improved Continuous Coring of Reverse-Circulated Wells. Anon. Oil Wkly,
24.4.44, 113 (8), 26.— In coring a well in West Toxas tho rovers© circulation rig is 
movod on tho woll after the hole has beon drilled, pipo set, and comented, and tho 
large rotary moved off. The eemont plug is drillod out by rovorso circulation drilling, 
tho mud column roplacod by oil and drilling carried ahoad with a common rock but 
until tho first showing of porosity or oil saturation. The same mud pit used by tho 
largo rotary is emptied of mud and fillod with crudo oil as soon as tho cemont plug is 
drilled. A 100-brl. tank of oil is maintained as a rosorve supply. Whon coring is to 
start, tho drill pipo, consisting of a string of 2-in. upset tubing which will bo usod in 
tho woll after it is complotod, is pulled, and a 4J-in. core head is installed on the short 
drill collar in placo of tho rock-bit. Tho core head has a 1ft-in. opening through tho 
body of tho cuttor, and no coro barrel is used. A  coro catcher is insorted just abovo tho 
coro hoad. As tho coro is cut, piocos of the coro are washed to tho surface as thoy 
break from tho formation. Cores recovered rango in sizo from thick biscuits to piocos 
12 in. or more long. Twelve to 45 ft. of lime formation is cut boforo tho cuttor bocomos 
badly worn. Howovor, no cuttor is run for more than 36 hours boforo boing pullod.

For each round trip tho amount of core that can bo cut by tho conventional method 
of coring is limitod by tho length of tho coro barrel, whoroas by tho rovorso circulation 
method tho only limiting factor is tho efficiency of tho coro cuttors. In soft formation 
this might moan a saving of sovoral round trips with tho drill pipo in coring ono woll. 
Otlior saving foaturos aro discussed. During tho first trials at coring continuously 
in West Texas ono difficulty ovorcomo was tho plugging of tho tubing by piocos of 
coros and cuttings in their upward passago. This troublo was causod by loworing 
velocity of tho drilling fluid at oach collar in tho tubing string, due to the slightly 
onlargod area in tho collars botwoon onds of adjoining pieces of tubing. This difficulty 
was ovorcomo by placing forrulos into oach collar, filling in tho enlarged area, and stream­
lining the insido of tho tubing from bottom to top. The tubing still becomes plugged 
at times, but the bridges aro removed with a “  rabbit ”  mado of two swab rubbers 
mountod on a solid mandrel. Whon a bridge form3, tho circulation is stopped, tho 
“ rabbit ”  is placed in tho rotary hoso, and circulation Is startod down through tho 
tubing. Aftor tho bridge is knocked out, tho circulation is reversed and coring is 
resumed. In tho oarly experiments the tubing had to bo pullod each timo it boeamo 
plugged. Piocos of coro were usod boforo the swab rubber “ rabbit ”  idea was worked 
out. A . H . N.

962.* World’s Deepest Well. E. Storrott. Oil 1 Vkly, 24.4.44, 113 (8), 36.— Tho 
15,255-ft. woll recently drillod in Wost Texas is doscribod in detail. Spuddod on 
30th June, 1942, it was 40 days boforo tho 520 ft. of surfaco casing was set, tho derrick 
built, and rotary drilling begun. An interesting item in tho surface-casing programme 
is notod in tho log of the water woll, drilled adjacont to tho deop test. The cable-
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tool water-well unit logged first water sand at 532 ft., a bare 12 ft. bolow the base of 
tho surface casing. Tho woll is cased with 2200 ft. of 13|-in. casing, and 0800 ft. of 
8|-in. casing, tho remainder of tho depth boing 7j-in. opon hole. Chemically con­
trolled mud, weighing from 12-5 to 12-8 lb., is used in conditioning and maintaining 
hole. Five-inch drill pipe was usod to 4953 ft., with five fishing jobs on account of 
pipe ; tho 4-in. string thon substituted was usod to 10,008 ft., drilling boing suspended 
at this dopth to run the 6800 ft. of protection string. The 4-in. pipe showed twro 
fishing jobs on account of pipe troublos, the suceooding 3j-in. pipe two twist-offs, 
at 10,800 and 12,000 ft., with a third fishing job at 11,639, caused by the drill collar 
boing dropped duo to failure of pick-up nipple. Five of tho eight days intervening 
boforo successful recovery of tho fish from moro than 2 miles bolow tho dorrick floor, 
woro used in repairing rotary, draw-w-orks and drum, and in conditioning tho holo 
and mudding to the top of tho fish. The only damage to the drill collar assembly 
from tho long drop was the loss of two cones from tho bit. Out of the first 593 days 
charged to tho woll, 50 woro writton off as fishing time, an indication of the age and 
condition of tho oquipmont at tho timo it was being used.

Photographs and largo amount of data detail the characteristics of the well.
A . H . N.

Production.

963.* Well Spacing— Its Effect On Recoveries and Profits. Part 2. S. K . Clark, 
J. S. Royds and C. W . Tomlinson. Petrol. Engr, March 1944,15 (6), 71-73.— Graphs 
of recoveries in brls./acre-ft. vs reciprocal of square root of acres/well aro plotted for 
different Holds, and approximately straight lines with positive slopes aro obtained. 
Different fields aro discussed. Close spacing appears to increase recovery.

A . H. N.

934.* Derivation and Application ol Material-Balance Equations to Magnolia Field.
A . B. Cook. Petrol. Engr, March 1944,15 (6), 222.— Tho author summarizes his paper 
as follows : Equations based upon a material balanco of fluids in petroleum reservoirs 
have been derived in this report to calculato tho volumos of oil, gas, and oncroaehed 
water in the reservoir and to indicate tho changos that occur in their respectivo 
volumes during any period of time following tho commoneomont of production. Tho 
use of equations for calculating reservoir pressures on future dates corresponding with 
different mothods of field operations, and examplos showing tho application of tho 
equations to data on tho Magnolia Fiold, Arkansas, to indicate the changes in volumes 
of tho oil, gas, and oncroachod water with time havo been prosonted. It is shown in 
tho report that tho volumos of oil and gas initially in the reservoir or the volume of 
wator that has ontorod tho reservoir by a certain time can be calculated, provided any 
two of these throo volumos and cortain field and laboratory data aro known. Tho 
ossontial fiold data noodod in tho calculations include : Tho initial reservoir pressuro 
and temperature; cumulative oil, gas, and wator production; tho average separator 
pressure and temporaturo during thoir production ; and the average reservoir prossuro 
and temporaturo on tho date corresponding to tho cumulative productions. Tho 
laboratory data required aro P-V-T relations for tho free gas, including compressibility 
factors, and solubility and shrinkago data for tho reservoir oil, v-hich should bo col­
lected in such a way that the liboratod gas and tho shrinkago of tho oil between tho 
resorvoir and the gas-oil separator can bo calculated in torm3 of volumos of stock- 
tanlc oil. Tho material-balanco equations given in this report can also bo used to 
calculate the volumos of fluids in some reservoirs that initially containod oil under- 
saturated with gas; but tho calculations aro complicated, and tho results obtained 
are not alwaj-s reliable.

Material-balance equations may be used to calculato futuro resorvoir pressures 
corresponding to different future rates of oil production, and to show- tho effect of the 
injection of gas or water on resorvoir pressures when reliable estimates of correspond­
ing rates of gas and water production can bo made. A  material-balanco study of 
potroloum rosorvoirs, thorefore, is an aid in determining future production rates, 
allowablo upper limit of gas : oil ratios, and tho feasibility of returning produced or 
oxtranoous water or gas to rosorvoirs. A . H . N.
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965. Fingering and Coning oi Water and Gas in Homogeneous Oil Sand. M. G. Arthur. 
Petrol. Tech., March 1944, 7 (2), A.I.M.M.E. Tech. Pub. No. 1723, 1-16.— Tho control 
of water production and encroachment is important in both tho primary and secondary 
phasos of oil-fiokl exploitation, in ordor to produco oil and gas at tho lowest cost and 
to achiovo the greatest ultimato rocovory of oil from tho reservoir. An actual reser­
voir has many variables which influence fingoring and coning of wator and gas, but 
it appears that a study of tho forcos involved in tho caso of a homogonoous sand may 
indicate satisfactory moans of approaching tho problem of controlling wator produc­
tion. Accordingly a thoorotical analysis has boon mado of fingoring and coning of 
water and gas in homogonoous sand. First a sand is considorod which is relatively 
thin compared with its lateral extent, and a relationship is dovolopod between the limit 
of approach of a wator fingor to a woll without boing drawn into tho woll and tho 
corresponding operating pressuro draw-down. The second condition considered is 
that of water or gas ontry into an oil-woll as a result of coning through tho bodding 
pianos. Tho theory and graphical solution developed by Muskat for tho limit of 
approach of a wator or gas cono to a woll without its entry into tho woll, and tho cor­
responding maximum pressure draw-down, aro reviowod and amplifiod. Charts aro 
presontod which facilitate graphical solution of tho problem, and this typo of graphical 
solution is oxtondod to the case where gas and water coning occur simultaneously.

G. D. H.

966. Flow Into Slotted Liners and an Application of the Theory to Core Analysis.
C. R. Dodson and W . T. Cardwell. Petrol. Tech., March 1944, 7 (2), A.I.M.M.E. 
Tech. Pub. No. 1724, 1-8.—-The results of thoorotical and experimental studies of tho 
effect of pre-perforated linors on woll productivity are presontod. Tho analysis 
concerns the rectangular typo of slot, oithor machine or torch cut. Muskat has troatod 
this problem in a mathematical analysis of tho flow of oil or gas from natural reservoirs 
into both gun-perforatod and slotted linors. Additional and simplified analytical 
considerations and conclusions for tho slotted linor aro presented, tho solutions being 
applicable in the laboratory as woll as in the field.

Tho flux through a radial-flow system the inner boundary of which is a slotted linor 
is shown to bo approximated within 1%  or 2 %  by tho following modification of tho 
Darcy equation for radial flow :—

O =  2nkh(P. ~  P j  

p ( l o g £ + l l o g A )

whore N  is tho numbor of slot rows, and Q is tho open fraction of tho pipo. The small 
magnitudo of tho offocts of constricting tho flow of oil, gas, or wator into liner slots 
indicatos that decisions regarding linor slot sizes should bo based primarily on con­
siderations such as sand retention and strength.

Tho analytical mothods can bo applied to pormoability measurements on mounted 
coro samples to show tho offocts of sealing wax or other obstructions on tho end faces 
of tho samples. In a pormoability measurement on a coro sample tho length of which 
is approximately equal to its diameter or side faco, a 30%  covering of this face may 
cause only a 5 %  error in tho result, whereas a 10% covoring may causo only 1%  error. 
These theoretical indications are confirmed by experiment G. D. H.

967.* Effect of Well Spacing on Recoveries and Profits. S. K . Clark, C. W . Tomlinson, 
and J. S. Royds. World Petrol., March 1944, 15 (3), 54. See Abstracts No. 963 and 
972.— This is an abridged form of tho full paper. A . H . N.

968.* Water Flow Chart for Designing Salt-Water-Disposal System. W . A . Pearce. 
Oil Wkly, 6.3.44, 113 (1), 16-17.— This chart is based on tho Hazen-Williams formula 
which was rearranged as follows : 0.54 _  

hr — 1000 1318 ^  0 63

where hr =  loss of head due to friction in ft./lOOO ft. of pipo; v =  mean velocity in 
ft./sec.; c =  Hazon-Williams coefficient of roughness; r =  hydraulic radius of pipe 
in ft.

A A
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Although a roughness coefficient or “ c ”  of 140-150 is claimod for asbostos-cemont 
pipe, the material commonly usod in modorn salt wator gathoring lines, in order to 
allow a reasonable factor of safety this chart was constructed using a value of c =  120. 
Howovor, conversion factors from this value of “ c ”  to other valuos from 100 to 140 
aro givon. A . H . N.

969.* Illinois Oil Sands Found Suitable For Artificial Water Flooding. F. Squires 
and A H . Boll. Oil Wkly, 6.3.44, 113 (1), 18.— This is a synopsis of investigation 
No. 89, Illinois Stato Geological Survey, Urbana, Illinois. In the summary it is stated 
that tho high lights of tho natural floods aro these : wator came from a lowor formation 
to causo tho Partlow flood. At Flat Rock, wator brought in so much oil from out­
side the area that the drilled part of tho sand produced more oil than it contained 
originally. Tho Buchanan flood is noteworthy for its rocord-breaking production. 
Tho Dennison torritory may have boen mado pormoablo as a woathorod “ high ”  on a 
cross-fold. Applogato flood water moves unaccountably in tho opposito direction 
from that of tho othorwiso closely related Dennison flood. Oakland City is unusual 
in that tho flood peaks attained, and somotimes surpassed, the peak of hoights of the 
original flush production. Tho Murphy flood was abandoned during the poriod of 
lag before the flood roaehod tho pumping wolls. Tho Dupo flood water showed the 
highest fluid lovols at tho top of tho structure.

As far as this paper is concerned, natural floods havo no value unless their evidence 
points to tho probable success or failure of applied floods on othor Illinois sands. It 
may bo arguod that natural floods move undor thoir own powor, and that only areas 
available for purposeful flooding are sands now dovoid of all resorvoir fluid movomont. 
But all sand and limo oil-producing strata in Illinois aro undor some edgo-wator 
prossuro, and edgo-wator encroachmont differs only in spood. Givon onough time, 
all Illinois producing sands would experience edgo-wator oncroachment. Even 
Robinson sand wolls, when loft unpumpod for a year, fill up to 200 ft. or moro with 
fluid. Only edgo-wator prossuro could maintain such heights of fluid column. Thon 
how do theso natural floods indicato a probable success for artificial floods ? First, 
they demonstrate that wator moves oil. Second, they demonstrate that many 
Illinois sands aro continuously pormoablo over large areas. Third, wlion a natural 
flood at Sandoval was supplemented by an artificial flood introduced within it, this 
applied flood further increasod production. It was proved that oach kind of flood 
produced tho same kind of result in increasing oil production. The efficiency of ac­
cidental floods which occur in sands undor edgo-wator drive is further ovidonco that 
applied floods would be successful in odgo-wator oncroachment territory. Because of 
thoso facts, it is logical to recommend that purposeful flooding in advance of natural 
w-ator-drivo bo appliod in pools that aro already undor odgo-wator pressure.

A . H . N.

970.* The Drowning and Revival of Gas Wells. Part 1. S. T. Yustor and Iv. J.
Sonney. Petrol. Engr, April 1944, 15 (7), 61-66.— The revival of intontionally or 
accidentally drowned gas producing or injection wolls is of prime intorost to oil and 
gas producors. Wator from loaky casing, oxcossive coning due to too rapid with­
drawals, nocossary drowning to control a wild woll or make repairs, may all causo an 
almost pormanent harm to a gas woll by reducing its capacity. This is not only 
a problem confronting gas men, but is of groat interest to oil producors, as gas wolls 
play an important part in cycling operations, pressure maintenance, roprossuring 
projects, and in secondary recovery by air and gas drive. In all cases tho offoct of 
tho presence of wator is to retard tho flow of gas from or into the formation.

A  study of tho causes of the extra resistance is made with detailed explanation of 
Jamin action. The study shows that tho problem can be solved by any of tho follow­
ing methods : (1) Removal of water from tho vicinity of the woll-bore by increasing 
the pressure differential between the woll-bore and the formation to overcome the 
Jamin action and force the water ring far into tho sand whore its thickness and effec­
tiveness in plugging will be greatly reduced. (2) Reducing the surface tension of the 
water in tho sand and thereby decreasing the pressure necessary to move the water.
(3) Dilution of tho water in the sand with wator-misciblo high-vapour prossuro solvent 
resulting in a more volatile fluid mixture that may be removed by evaporation. (4)



ABSTRACTS. 331 a

Combination of tho above methods. With tho abovo possibilities in mind, a serios 
of experiments was mado in tho laboratory to tost thoir practicability.

Tho apparatus and procodure are described and dotailod rosults are givon.
A . H. N.

971-.* Determining Well Diameter. L. C. TJron. Petrol. Engr, April 1944, 15 (7), 
119.— Tho diameter of a well and tho casing in it will influence tho cost and officienoy 
of oporations both during tho drilling of tho woll and its subsequent period of pro­
duction. Small-diametor wolls can bo cased less oxponsivoly, and this is tho principal 
advantage of the slim holo. Undor favourable conditions, the cost of drilling may bo 
less for tho small holo, and it may bo drilled more rapidly. This is not nocossarily 
true, howovor, and if drilling conditions are difficult, tho largor-diamotor holo may bo 
drillod loss oxponsivoly and moro rapidly. If intricato equipmont must bo manipu­
lated in tho woll during the course of drilling, as in coring, fishing, and certain typos 
of comonting, oporations, large-diamotor wells aro advantageous. In the subsequent 
poriod of production, tho largo-diamotor woll is proforablo from every point of view. 
It develops superior productive capacity, greater ultimate recovery, and it produces 
with lowor gas-oil ratio and, thoroforo, moro efficiently from tho onergy consumption 
standpoint. Large-diamotor casings and woll equipment exert loss back prossurto on 
the producing formation, permitting flow with lower prossuro differential, honeo with 
greater officioncy. A  largo-diamotor casing permits tho uso of larger sizo of pump 
of greater capacity than is possiblo in a well of smaller diamotor. When tubing has 
to bo pulled, linors, scroons, or gravol-packs placed, “ shooting,”  acidizing, or cloan- 
out oporations conductod, tho larger-diametor woll is advantageous. If bottom wator 
or odgo-water has to bo oxcluded, in a certain producing intorval, or if the well has to 
bo dooponod to a lower zone, or other work-over oporations performed, the larger 
diamotor woll pormits completing tho work with groator certainty'and efficiency.

Tho influonce of diameter on drilling, production, and on proration and tho practical 
limitations on diameters aro discussod separately. It is concluded that for a givon 
set of conditions, there is an optimum size of woll and well-casing diamotor that will 
bo most advantageous. This is not necessarily tho smallest practical working diamotor. 
Small-diameter wells aro moro economically cased than those of larger diamotor, but 
they may be more costly to drill. From the production and maintenance standpoint 
tho large-diameter well has ovory advantage. The problem is largely an economic 
one and the operator must balanco any possible economy in drilling and casing tho 
smallor-diameter woll against its greater maintenance and operating cost and lowor 
production efficiency. Proration practices have a controlling influonce in determining 
woll and casing diamotor undor somo conditions. Tho economy of small-diametor 
casing and tho high production efficiency of the large-diamoter well may bo combinod 
by drilling a small-diamotor holo down to the cap rock and then reaming to a larger 
size through tho reservoir rock, gravol packing a porforatod linor of small size in the 
onlargod portion of tho hole. A . II. N.

972.* Well Spacing— Its Effect on Recoveries and Profits. Part 3. S. K . Clark, 
J. S. Royds, and C. W . Tomlinson. Petrol. Engr, April 1944, 15 (7), 124.— Furthor 
theoretical analysis of tho problem and citations of practical examples are made in 
tho third part of this papor. In summary it is concluded : (1) That well spacing does 
affect tho recovery of oil from a roservoir; that increasod well density results in 
increased recovery; and that within practical limits thoro is a definite mathematical 
relationship between tho woll spacing and the recovery. (2) That arbitrary wide 
spacing regulations impose dofinito handicaps on tho adequate exploitation of small 
accumulations on sharp folds or against faults, and tend to increase the ratio of dry 
holos to producers in all cases. (3) That even from the standpoint of cost/barrol of 
crudo recovered and of profit /dollar expended, it is not invariably true that tho wider 
of two spacings is the more economical. For a given set of conditions there is a certain 
spacing that is the most economical one, and either a closer or a wider spacing will 
involve higher unit costs and lower unit profits. Certain other conclusions may 
legitimately be reached from these basic ones.

Although nothing herein is to be construed as an argument against the adoption 
of improved production practices in the attempt to obtain greater recoveries at lowor 
costs, it would appear that a simple and highly effective method is being neglected
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when tho possibilities of close spacing are ignored. Since more wells moan increased 
recovery, there is a strong incentive to work towards lower development costs by 
utilizing evory expedient to reduce tho cost of tho individual woll rather than by 
widening tho spacing. Whon wide spacing is temporarily adopted oithor bocauso of 
material shortages or lack of information regarding tho reservoir, it is highly desirable 
that a pattern bo soloetod which will permit increasing tho density by drilling inter­
vening wolls lator. With tho existing urgency for an augmented crudo supply, it 
would soom logical to resort to tho drilling of additional wells in fields now having 
wide spacing that aro favourable to closer spacing, especially since such drilling would 
add potential production and reserves, with an absolute minimum of oquipmont 
as contrasted with the material requiromonts for exploiting now fiolds.

Finally, since optimum well donsity varios with crudo prices, it would appear to 
be in tho public interest for crudo oil pricos to bo incroasod to lovols that would 
encourage relatively close woll spacing so long as tho presont downward trend of dis­
coveries in relation to production continuos. A . H . N.

973.* Pilot Controlled Gas-Lift Operation. R. O. Walton. Petrol. Engr, April 1944, 
15 (7), 166.— Tho systom describod is a unit gas-lift installation. The system, em­
ploying tho pilot-aetuatod valves and surface controller, is unusual in that it is adapt­
able to any well, regardless of depth or type, if fluid is to be lifted and gas under pressure 
can bo mado available. Operation of the surface controller is familiar to oporators 
experienced in gas injection. The surface unit is a rugged timo-actuatod motor 
valvo in conjunction with an adjustable mochanical-volumo control valve. By slight 
adjustments on the time control whool, any frequency of on-and-off periods may be 
selected. After these adjustments aro mado, additional control is available by uso 
of the volume control valvo. Tho subsurface pilot-actuatod valves are mounted on 
3-ft. tubing subs, having full tubing openings through them. Their pilot valves aro 
set for predetermined operating prossuros boforo boing run in a well. The construction 
of tho valves is such that oach valvo will pass any volume of gas admitted to tho 
casing annulus, after tho casing pressure reaches the operating pressure of that par­
ticular valvo. For oxamplo, if tho pilot of ono of the valves is set for an operating pres­
sure of 300 lb., tho valvo will remain closed until the casing pressure increases to 300 
lb .; at that point, tho valvo will open. If the controller is set to inject gas at tho rate 
of 10,000 cu. ft./hr., the subsurface valve will pass gas from the casing annulus into 
the tubing at tho same rate until the surface controller closes and allows tho pressure 
to return to 300 lb., in turn closing the valve. Tho casing pressure will thon remain 
at 300 lb. until the surface control valve opens for tho next cycle of operation.

Where moro than one valvo is needed to unload a woll from its static fluid level 
down to a working fluid level, the valves are sot in tho woll so that tho highest pressure 
valve is at the top of the string and each successively lower valvo is sot with a slightly 
lower operating pressure. Thus tho valvo having tho lowest operating pressure is 
situated at the bottom of the string. This is dono : First, to maintain tho casing 
pressure lower than the operating pressures of tho uppor exposed valves and will keep 
them closed; second, the lower valves under fluid will remain open and allow fluid 
to bypass from the casing annulus into the tubing. After an installation of this kind 
is made, the gas is injected and the casing pressure is allowed to reach the oporating 
pressure of the top valvo. A t this point the desired frequency of operation is sot on 
the surface controller and tho well will produce down to its proper working fluid level 
without additional attention. This feature of automatic work down in a woll that is 
loggod up will save many man hours to the operator.

Tho valvo is fully describod with section view illustrating its main features. Sevoral 
successful installations are describod. A . H . N.

974.* Economics of Secondary Recovery. R. C. Earlougher. World Petrol., April 
1944, 15 (4), 42-44.— A  strong plea is mado to increase oil prices so that secondary 
recovery projects become profitable investments. The summarized conclusion is 
that by means of secondary recovery the country’s potential oil reserves aro increased 
by approximately 20% . Tho ways and means of producing this secondary oil are 
known and aro available to the industry. The one major item that is lacking is the 
incentive required to induce oporators to put their money into the ground with the 
hop© of getting it back together with a substantial gain. A . H . N-
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975.* Drilling Costs Have Risen Sharply Since 1941. B. Mills. World Petrol., April 
1944, 15 (4), 45-47.— Tho exact increase in drilling costs of March 1944 over those of 
Septcmbor 1941 arp difficult to dotormine, since basic factors havo clinngod consider­
ably. Where shutdowns from lack of labour and materials wore vory rare during 
1941, thoy were common during tho past yoar. Next to a bad fire or blow-out, a 
shutdown is porhaps tho most oxponsivo timo-loser a drilling contractor oncountors. 
Shutdowns are reflected in greater operating costs in every department. In analyzing 
tho rise in drilling costs during the past two and a half yoars it is not oasy to soparato 
tho various olomonts so as to show that labour accounted for a cortain specific per­
centage, materials another percentage, and miscellaneous items still anothor porcentago, 
to make up tho total incroaso. Increased labour costs aro so tied into “ losses from 
shutdowns”  that labour actually bocomos part of tho shutdown loss. The fact is 
that all phases of drilling activity havo bocomo moro expensive and havo combined 
to bring about a substantial cost incroaso. Whether “ labour” , “ shutdowns” or 
other reasons are to bo hold chiefly responsible is incidental to tho main issuo. Costs 
likowiso vary with overy set of conditions oncountered. Ono drilling contractor will 
state that his current costs are 30%  above those of late 1941 ; anothor will insist his 
costs aro up 35%  over the same period, whilo still a third will placo his cost increase 
at 40%. Each contractor may bo correct in his ostimato, as ono operator may be less 
seriously affoctod than anothor by a givon sot of .factors. In many cases tho 
increase in drilling costs apparently has been ontiroly too high for a drilling contractor 
to absorb, but ono thing or anothor has permitted him to continue operations.

Tho following is tho avorago of 10 operators’ evaluations of percentage increase 
in drilling costs since 1941 : Labour, 38%  ; Materials, 20-5% ; Derrick, 39%  ; Trans­
portation, 42 -5 % ; Fuol, 18 -5% ; Shutdown frequency, 31 -5% ; Miscellaneous, 
40 % ; Ovorall, 33% . “ A . H. N.

976.* Equivalence of Material Balance Equations For Calculating Original Oil Reservoir 
in Place. S. J. Pirson. Oil Wkly, 3.4.44, 113 (5), 28.— It is generally believed by 
resorvoir engineers that tho various formula! %vliich have boon proposed for tho calcula­
tion of oil originally in placo in a reservoir aro not equivalent and, in fact, samplo 
calculations illustrating tho use of tho Schilthuis and Katz methods in particular cases 
would indicate that tho two mothods givo results varying by as much as 20% . It 
is shown that, on thoorotieal grounds, tho mothods of Schilthuis and Katz aro idontieal, 
and that tho apparent discrepancy is due to tho fact that the method of Katz includes 
moro numerous stops in tho calculation, thoroby affording more chancos for cumulative 
errors to rogistor an appreciable effect in tho final answer. In order to prove tho 
thoorotieal equivalence of tho Schilthuis and Katz methods, it is roquired to express 
both mothods in a consistent system of notation. One of the limitations of the various 
articles thus far published on the subject-matter of resorvoir onginooring has been tho 
lack of unity in tho system of notation used. A  system which has already received 
somo acceptance in the literature, and which has tho advantage of simplicity and of 
an actual physical meaning, is used.

Ono unfortunate feature of tho Schilthuis material balance equation is tho presonco 
of tho water encroachment term in the numorator; considerable thought and work have 
boon expended without success by tho writer and his associates in trying to eliminate 
this torm from the equation by tho simultaneous solution of various material balance 
equations obtainod on various basos. Tho Schilthuis equation is ossontially a gas 
material balanco. It was thought that material balance yielding different oquations 
could bo found by writing a material balance on oil, or by writing a volumetric balance, 
or by establishing a donsity balanco of the fluids, etc. When any of tho above are 
successful, they always yield a formula equivalent to the Schilthuis equation, or re­
solve themselves into an identity oquation from which all terms cancel out.

A . H . N.

977.* Physical Properties of a Reservoir and of Reservoir Fluids. E. N. Kemlor. 
Oil Wkly, 10.4.44, 113 (6), 26.— Tho study of resorvoir problems usually involves tho 
physical properties of the producing formation. The two important physical 
properties of the formation aro its permeability and its porosity. Tho pormoability 
defines tho fluid-carrying capacity of the reservoir under a given sot of producing 
conditions. Porosity defines the fluid-holding capacity of the reservoir. Tho porosity
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is actually the amount of void space between the sand grains or in crevices or other 
oponings in limestone formations. The amount of fluid which can be stored in the 
reservoir will bo oqual to this poro spaco. In addition to these two physical 
propertios of tho rosorvoir, it is noeossary to know whotlier the fluid occupying the 
pore space is oil, wator, or gas. Tho determination of tho character of tho fluid in 
tho reservoir is known as a saturation analysis.

Porosity and permoability characteristics of formations aro studied in some length. 
Tho effect of gas evolution on the characteristics of crudes is also studied, particularly 
tho offoets of shrinkage and viscosity. The effect on viscosity may be of importance 
when determining whether or not reconditioning work should be done. The viscosity 
characteristics of the crudo oil in both tho saturated and unsaturated conditions are 
important sinco thoy, togothor with the viscosity of tho wator, will determine tho pro­
ducing characteristics of tho rosorvoir later in tho life of tho field. There aro not 
much data available in tho litoraturo on tho effect of solubility on viscosity. Evongor 
and Muskat have given somo data on viscosity variation at prossures up to 2500 
lb./in.2, Hoeott and Buckloy also give data for a crudo oil up to prossuros of 725 
lb./in.2. In oacli case a variation is found. One figure shows that an oil saturatod 
with about 525 cu. ft./barrel will have its viscosity increased from 0-6 to 1-4 centipoises 
when tho pressuro is reduced to atmospheric. Another figure shows a comparable 
incroaso on an oil having a lowor solubility. If a test were made on a reservoir when 
new (assuming all gas stayed in solution) and then near the end of its life, a reduction 
of 2 to 1 in productivity indox factor, due to change in viscosity alono would bo 
indicated. A . II. N.

978.* Effect of Physical Properties of Oil Reservoirs on Flow Performance. E. N.
Kemler. Oil Wkly, 17.4.44, 113 (7), 17.— Tho rate of production from a green well 
can be expressed analytically as :—

Q =  C(Pm -  P)

whoro Q — production rate in barrels/day, C — well characteristic or productivity 
indox factor, P m =  rosorvoir or closed in bottom-holo pressure, P  — pressuro at sand 
faco when well is producing at rate Q. This productivity indox factor or well charac­
teristic is dopondont on tho dimensions of tho well boro, on the properties of tho fluid 
produced, and on tho sizo .and pormoability of tho rosorvoir. This factor can bo 
expressod analytically as follows :—

c i _  2ttkbg

p lo g .^
10

C1 =  productivity indox factor in ft.3/soc./lb./ft2. Whoro k == sand pormoability 
in ft.2, b =  sand or formation thickness, ft. /x =  absolute viscosity in lb./ft.-soc. 
rw =  well bore radius, ft. re =  well drainago radius, ft. g =  32-3 ft./sec.2.

From this oquation it can bo soon that tho ability of a woll to produce will incroaso 
directly in proportion to tho pormoability k. Pormoability is a measure of tho re­
sistance of tho formation to tho flow of fluid through it. Tho pormoability will dopond 
on tho typo of formation and on tho sizo and method by which tho poro spaces in the 
formation aro connected. In tho caso of a sand reservoir it doponds on tho amount 
and location of comonting material as woll as on sand grain sizo and packing. Tho 
higher tho pormoability tho greater will bo tho capacity of any given woll to produce. 
Pormoability as considered from a production standpoint can bo reduced by forcing 
material back into tho formation which will either fill up tho poro spaco or seal off 
pores immediately around tho well. Such procedures aro usod in squeeze comonting 
and wator shut-off work. Likewise, anything which will incroaso tho sizo of tho con­
nection between poros will incroaso tho pormoability and tho capacity to produce. 
Such practices as acidizing aro to increase tho sizo of tho poro spaces immediately in 
the vicinity of tho woll boro, and, therefore to incroaso the effective pormoability of 
tho well. Tho effect of shooting, insofar as pormoability is concerned, is to produce 
fractures of sufficient sizo effectively to increase the average permeability in tho 
vicinity of the woll boro.

The paper-consists of a discussion on tho various factors appearing in the formula 
for productivity index. A. H. N.
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979.* Water Flooding in the Bradford Field. A . E. Booth. Oil Wkly, 24.4.44, 113
(8), 30. Payer Presented before American Petroleum Institute.— A  brief history of 
production of tho, Bradford field is given, covering the period 1870-1944, and is fol­
lowed by a description of the co-opovativo research project on the field. This research 
projoct has boon primarily responsible for much moro progressive offort than that 
with which it is credited. It has stimulated the interest in coring and in tho informa­
tion thus obtained ; it is responsible for publication of a brochuro on treatment of 
water for injoction purposes that is without a poor ; it has aided in tho idoas of widor 
spacing and higher pressures ; it brought out tho original suggestion from which 
dovoloped the present mothod of soloctivo shooting ; it lias educated operators in tho 
study of porosity, permeabilities, oil and connate-water content of the oil-sand ; and 
it has instigated much progressive thought and experimentation oütsido the projoct 
propor. Probably tho most important single item, and the one with tho greatest 
chances of substantial improvement in the economic picture of wator flooding, is tho 
increased recovery of tho residual oil content of tho sand. This is being approached 
directly through bottor water conditioning and higher pressures, accompanied by 
higher avorago volocitios for tho wator front, together with coring and soloctivo shoot­
ing. High pressures moan plant pressures of 1000-1500 lb. and sand face pressures 
of up to 2000 lb. Coring is dono by throo mothods. Chip coring, cablo-tool core 
barrel, and the diamond coro. Tho mothods are progressively moro expensive in the 
ordor named and, in the same order, furnish moro detailed information on tho strata 
oorod.

Soveral itoms are discussed separately— selective shooting and plugging, pumping 
prácticos, eto. A. H . N.

980.* Reservoir Data and Production Problems. E. M. Komler. Oil Wkly, 24.4.44, 
113 (8), 72.— Previous papers in this sorios doalt with data and properties obtained 
from core analysis. Thoso proportios havo, whonever possible, been oxprossed in 
terms of quantities on which it is possiblo to obtain information. Since tho physical 
examination of an oil resorvoir is limited to that of a few cubic inches of coro, tho facts 
obtained from core analysis must bo supplemented by porformanco data. These 
performance data again aro limited to production information and bottom hole 
prossuro data. Where reasonably accurate information on thoso itoms is available, 
estimates of futuro behaviour can frequently bo mado. Thoso Holds where there is 
little gas in solution in tho oil and which aro subjocted to a wator drive will behave 
reasonably woll with the ideal systems. In thoso conditions tho behaviour is similar 
to that of liquid flow. Whilo formulae as normally givon aro for oil wells, they will 
apply equally woll to salt-wator disposal or wator drivo input wells. One important 
application of resorvoir information is to tho study of tho effect of completion mothods 
on porformanco. Whoro incompleto tosts aro mado before final producing equip­
ment is installod, tho offoets of complotion oporations may be difficult to predict. 
For oxamplo, a pumping tost with temporary equipment will not necessarily in itself 
givo sufficient data to show whothor or not a well should bo acidized or shot. When 
bottom holo pressure or equivalent fluid level data are taken in connection with 
production data, much information can be obtained on such tests.

Thoso tests are discussed. A . H. N.

Transport and Storage.

981.* Protective Storage at Pipeline Terminals. H . J. D ’Aragon. Petrol. Engr, 
March 1944, 15 (6), 146-150.— Attention is directed to tho deterioration in quality 
of gasoline as well as actual physical loss due to evaporation during storage. Evapora­
tion losses from conventional storage tanks with fixed cono roofs may be classified 
as thoso due to windage, breathing, boiling and filling. Tho latest information on 
losses, derived from actual tests covering a wide range of capacities and made under 
actual operating conditions, disproves tho widely used assumption that evaporation 
loss is directly proportional to vapour pressure of product and surface area of liquid. 
Average standing evaporation losses, based on tank capacity, and filling losses based 
on throughput and vapour pressure of product, obtained as a result of tests conducted 
by 14 large oil companies on eono roof, gas-tight storage tanks equipped with con-
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vontional pressuro and vacuum valvos, aro providod. At pipeline terminals tho greatest 
proportion of total loss is generally duo to windage and breathing. Tho formor can 
bo oliminatod by installation of pressure and vacuum valves and onsuring that roof 
soams and connections aro gas tight. Breathing lossos may bo roducod by (a) uso of 
variablo spaco or oxpansion roofs, (6) diminishing temperature variation by suitable 
paints, wator sprays, otc., (c) connocting tho vapour spaces of sovoral cono roof tanks 
to a gas resorvoir or tho vapour spaco of ono tank fittod with a variablo spaco roof. 
The manner in which such a systom can bo utilized to minimize breathing and filling 
lossos is described and illustrated.

Tho motliod can bo applied to tho storago of a variety of products simultaneously ; 
ono company has manifolded tanks containing sweot and sour crudes, without evidence 
of contamination. Except whoro filling and emptying rates aro greatly unbalanced, 
protection is thus providod with a minimum of expenditure. Floating roofs eliminate 
filling losses but must be applied to each tank requiring protection, and cannot bo 
utilizod in tho balancing system described above. R . A . E.

982.* Mechanical Couplings for Pipe Lines. G. E. Szekely. Petrol. Engr, March 
1944, 15 (6), 175-180.— A description is given of the construction, installation, and 
gonoral application of tho bolted positive-soal typo of mechanical coupling. Improve­
ments which have takon place in gaskets, and their protection from dotorioration due 
to contact with oil products are outlined. Tho ability of such couplings to accom­
modate misalignment and absorb vibration, settlemont, oxpansion, and contraction 
makos them useful for a variety of purposes other than pipo connections— e.g. tank 
connections, valves, pumps, engines, and compressors.

The couplings are also eminently suitablo for ropairs, replacements and insertions. 
Adaptations of tho normal design for specific purposes are : long couplings where 
extensive settlemont or other movomont may be expected, insulated couplings for 
minimizing olectrolytic corrosion in certain systems, reducing couplings, boltless 
couplings and fittings which aro particularly suitable to small pipings in closo quarters, 
e.g., for onginos, pumps, compressors, otc.

Mochanically coupled pipelines no longer required can readily bo pickod up and 
rolaid with a minimum expenditure of labour and material, a factor of importanco at 
tho prosont time. R. A . E.

983.* Corrosion of Buried Metals and Cathodic Protection. M. C. Millor. Petrol. 
Engr, Part 1, March 1944, 15 (6), 208-212. Part II, April 1944, 15 (7), 101-110.— Tho 
fundamental causes of corrosion of buriod metals aro discussod, with illustrations of 
current flow and oxtent of corrosion which may bo oxpocted with various combination 
of metal and soil. Consideration is givon to corrosion causod by dissimilar motals, 
dissimilar soils, and by non-uniformity of motal used for underground structures.

R. A . E

984.* Concrete Tanks for Storage of Petroleum Products. C. G. Mungor. Petrol. 
Engr, March 1944, 15 (6), 277-278.— Tho pre-stressod reinforced concroto dosign for 
cylindrical tanks by the U.S. Navy Dopartmont has greatly increased tho offoctivonoss 
of concroto tanks for many purposes. Such tanks requiro less stool than conventional 
concroto tanks and are practically free from cracking as tho steol reinforcing is under 
tension and the concrete under compression. Thoir principal application is for 
petroleum products, so that coating of the tanks with a suitablo material which will 
prevont seepage of oil through the concrete, bo non-reactive to new concroto surfaces, 
bo insoluble in oil products and eliminate all possibility of tank corrosion or product 
contamination, is essential. A  new thermoplastic coating compound that meets 
these requirements and has been applied with success to a largo numbor of oil tanks 
and to the interior of concrete ships, is known as Amercoat. It  is manufactured by 
the American Pipe and Construction Company and is a compound of vinyl synthetic 
resins combined with solvents and non-toxic, non-reactive pigments.

The compound may be applied cold with spray or brush to give a satisfactory 
impermeable coating. Results of tests with a variety of products indicate the satis­
factory inertness, adhesion, resistance to abrasion, otc., of the coating material.

R . A . E.
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985.* Shipment o£ Packed Petroleum. 2. Fire Prevention and Fire Fighting. Anon. 
Petroleum, May 1944, 7 (5), 70.— This part briefly rolatos several warnings relative 
to firo prevention. Loakago from containers in ship holds and tho risks therefrom 
aro discussed. Tho nocossity of adoquato ventilation is emphasized anti procautions 
rolativo to ships’ vontilators aro givon,

Tho National Firo Sorvico provide a fire-fighting unit whenever a ship loads packed 
potroloum and tho Sea Transport Division supply all ships they charter with fire 
lighting oquipmont selected in accordanco with tho typo of cargo boing carriod. This 
equipmont is solf-containod and doos not havo to roly on engine room pumps or fixed 
deck sorvico linos. Tho National Firo Servico train ships’ crews in tho operation of 
such oquipment. Thirty illustrations from tho official film on this subjoct aro shown.

W . H. C.

Cracking.

986. Patent On Cracking. International Catalytic Oil Procossos Corp. E.P. 557,207, 
10.11.43 Appl. 20.11.41— During tho catalytic cracking of hydrocarbon oils, such 
as gas oil, the oil is separatod into a light and a heavy oil and a fresh or rogonoratod 
silica-magnosia catalyst is suspondod in the light gas oil fraction. Tho susponsion 
is continuously fod to a reaction zono operated at a tomporature abovo 900° F. 
Catalyst is separated from reaction products and omployod without regeneration in 
the cracking of tho lieavior gas oil fraction. H . B. M.

Polymerization and Alkylation.

987.* Propane Refrigeration for Alkylation Units. Anon. Oil Gas J., 13.4.44, 42 
(49), 128.— A description is givon, with flow shoot and photographs, of tho oporation 
of propano rofrigoration units, of capacity 12,000 B.T.U. por hr., installed to obtain 
temporaturos of 50° F. or bolow in tho reaction zono of sulphuric acid alkylation 
plants. Mako-up propano is obtained from tho alkylation unit dopropanizor, boing 
treated with caustic soda to removo S 0 2, and dried with calcium chloride, whilo air 
is removed by continuous venting from a small refrigerator vossol or pipe, into which 
is blod a small quantity of vapours from tho receiver. Oil is similarly removed by 
bleeding a small quantity of liquid from tho propano accumulator drum back to an 
alkylation unit surge drum, oporating at a lower prossuro than tho propano drum. 
Tho propano flow is similar to that for any other refrigorant, tho compressors boing 
dosignod for a suction pressure of about 57 lb. por sq. in. when propano is evaporated 
at 35° F. and a dischargo prossuro of 175 lb. per sq. in. Water at a maximum tern- 
poraturo of 80° F. is usod to condonso tho propano at 90° F. Tho compressors aro 
oporatod on natural gas or propano if required. C. L. G.

Refining and Refinery Plant.

988. Thiophenol in Cracked Gasoline. G. S. Windlo. Refiner, February 1944, 23
(2), 41-45.— Tho paper deals with tho problems which arose in the refining of Bahrein 
cracked naphtha duo to tho presence of acidic sulphur compounds, and discusses tho 
mothods of isolating, identifying, and eliminating thiophenol. Tho effect of 
thiophenol on gasoline quality and its behaviour in sweetening operations aro fully 
explained.

In tho caustic treating of naphtha for hydrogen sulphide removal, tho extent of 
removal of thiophenol is a function botli of tho quantity of caustic applied and of tho 
typo of contacting oquipmont usod. Originally the caustic scrubbor at Bahrein was 
the conventional single-stage conflow type of oquipmont. No difficulty resulting 
from failure to remove thiophenol was observed, but tho proportion of caustic applied 
was excessive. By installation of a two-stago countorflow caustic scrubbing unit tho 
efficiency of the caustic in hydrogon sulphide removal was improved as expected, but 
the oxtent of thiophenol removal was reducod. Mixtures of sodium sulphide and 
sodium acid sulphide are not suitable for thiophenol removal. The analyses for tho 
acid oils in typical first- and second-stage caustic reactors over an extended poriod 
showed an abrupt increase in concentration when the caustic was first used, followed 
by a steady decline from 1%  to nil os the caustic availability was reduced from 70%
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to 40%  through hydrogen sulphide absorption. Tho non-volatilo neutral oil remain­
ing aftor steam distillation of tho acidified caustic was constant at about 0-6%  within 
this range) but disappeared within tho rango of 40 to 25%  caustic availability. These 
variations in concentration conform to tho principlos of selective absorption and aro 
consistent with tho relative strengths of tho acids removed by tho caustic. Thus, 
when using two stages of contacting and rojocting caustic at 40%  availability or loss, 
hydrogen sulphide absorption in tho first-stago caustic tends to rojoct all tho acid 
oils back into tho gasolino phase, thus throwing a larger burdon of acid oil romoval on 
tho socond stage of tho system.

To avoid oxcessive reagent consumption and still obtain tho dosirod romoval of 
thiophenol in tho caustic neutralization, tho systom finally adoptod at Bahrein 
refinery comprisod lime treatmont of tho clay-treatod naphtha for hydrogen sulphide 
removal, followed by caustic contacting for romoval of tho thiophenol. A . Hi N.

989. Design of Foundations For Elevated Towers. S. Garnett. Refiner, Fobruary 
1944, 23 (2), 46-54— Whon tho bottom of a towor is set at an elevation of 15 feot or 
moro abovo ground it is not economical to uso a solid concrete pedostal as a foundation. 
In such casos tho towor is either fitted with a skirt to bring its base to approximately 
ground lovol, or it is supported on a frame of either structural stool or roinforced 
concroto. This article deals with the dosign of a roinforcod-concroto frame foundation 
for such conditions.

Tho principles of design and calculations of different loads undor different loading 
conditions aro given, and then an oxamplo is worked out in dotail to illustrate tho 
methods. A . H . N.

990. Wooden Core in Storage Reel Protects Welding Cable. Anon. Refiner, Fobruary 
1944, 23 (2), 77— One company woldor, in attempting to determine why his cables 
wore prematurely becoming hard and brittlo, ovon though they woro handled carofully 
and kept wound on small spools, discovorod tho causo to be associated with tho fact 
that tho spools had steol cores. Lending weight to this ovidenco was tho observation 
that tho inner layers of tho cablo, oven though much loss used and seldom exposed 
entirely to woathor, were tho first to show ovidonco of stiffening and embrittlomont. 
Not only did tho heavy rubbor insulation crack, but tho copper wiro itsolf would 
ultimately bocomo brittlo and ovontually would break within the insulation upon 
boing usod or floxod in romoving it from tho rool. Believing that tho intense field 
sot up by tho direct current around tho stool coro in the centre of tho spool might bo 
creating heat and otlior olectromagnotic conditions, causing rapid deterioration, a 
woodon coro was turned out and mounted in tho reel in placo of tho stool coro. Almost 
immediately, a chango was noticod. The majority of tho foregoing troublos vanished, 
and tho cablo, sinco tho cores were chongod, now, romains soft and pliablo down to 
tho last turn in tho eontro of tho reol. This prolonging of tho useful lifo of conductor 
eablos has boon tho cause of substantial savings in electric welding equipment upkeep.

A . H . N.

991. Maintaining Wartime Compressors At Peak Operating Capacity. B. Thiel. 
Refiner, Fobruary 1944, 23 (2), 78.— Hints ore given on maintenance of compressors.

A . H . N.

992. Refinery Cleaning Problems. R. W . Mitchell. Part 1. Oil Qas J ., 10.2.44, 
42 (40), 70 : Part 2. 17.2.44, 42 (41), 65.— Cleaning probloms on a refinery aro 
outlinod, and tho methods and materials that enable cloaning to bo satisfactorily 
and economically accomplished aro discussod. Cloaning matorials should bo safe to 
handle and to use. Caustics havo poor wotting and ponotrating powers, but a rango 
of matorials can bo obtained which have thoso properties in a marked degree. They 
aro also easily washed off after their action and aro loss hazardous in use. Tho clean­
ing mothods should be simple and involve tho loast technical supervision. Tho cost 
of tho cleaner relative to time and labour should be studied. A  cleaner costing twice 
as much per pound as another can, and often does, clean moro foot of surface or so 
many more units por pound consumed, that it is clearly most economical. Charts 
aro given showing (1) the pH  rango of industrial cleaners; (2) Solutions containing
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buffer solutions showing a much wider range of concentration for a given pH rango 
than unbufforod solutions; (3) A  curve showing tho relationship botween pH of tho 
cleaning solution and tho timo required for thorough cloaning of surfaces.

Tho cleaners proscribed for the cloaning oporations aro : (a) Heavy duty cleaners 
8 oz./gal. or (6) 50/50 solution; (c) solvent typos of soaps, 1 toaspoon/gal.; (d) inhi­
bited acid cleanor, 33%  solution; (c) compounded alkaline cloanor, G oz./gal. pH  
12-5.

Sections dealing with tho cloaning of storage tanks intoriors using type (a) cleanor; 
exteriors, typo (c); paint removal, type (a); boat oxchangors, typo (a); plant columns, 
typo (a); coolors, typo (d) ; barrels, typo (a ); pipos and oquipmont typos (a) and 
(6); floors, typo (c).

Tho mothods of application, tomporaturos employed and subsequent removal of tho 
used cloanor, aro described. W . H . C.

993. Soda-Methanol Reagent Removes Mercaptans Quantitatively. F. C. Moriarty. 
Oil GasJ., 30.3.44, 42 (47), 82, 85.— At a refinery at Kevin, Mont., the doctor troators 
have boon roplacod by a Unisol treating unit in which morcaptans aro removed from 
Dubbs crackod gasoline by extraction with a concentrated solution of caustic soda 
containing methanol. When using doctor solution, a loss of 1 to 2 octane numbers 
resulted and it was necessary to add 11 c.e. of T.E.L. to produco 74 O.N. gasolino, 
and this could not bo reached if any substantial quantity of straight-run gasolino 
woro present, nor could an 80 O.N. gasolino bo produced. With the Unisol procoss, 
tho morcaptan content is rodueod from 0-06-0-11 to 0-007%, tho total sulphur boing 
reduced correspondingly, giving a large increase in T.E.L. susceptibility, as well as 
an actual incroaso of ono half O.N. It is now possiblo to roach 80 O.N with 3 c.e. of 
T.E.L., whilo a blond containing 10% straight run can bo brought to 75 O.N. with 
0-65 c.c. of T.E.L. Treating losses have been rodueod by about 1-5%. Tho reagents 
cost bolow 0-5 cont per brl., and labour costs aro low. Apart from somo corrosion, 
no procoss difficulties havo boon exporionced oven in tho very low tomporaturos pre­
vailing. Tho product has an excellent inhibitor susceptibility, 0-007% of U.O.P. 
inhibitor No. 4 increasing tho induction poriod by approx. 250 minutes, whilo tho eoppor 
dish gum content is below 10 mg. Tho procoss shows a total saving including tho 
appreciated value of tho gasolino, of $30,000 p.a. C. L. G.

994.* Unisol Process for Treating Gasoline. F. C. Moriarty. Petrol. Engr, April 
1944, 15 (7), 150-152.— A Unisol treating unit has boon operating in tho rofinory of 
tho Big West Oil Co., Montana, processing approximately 550 brl. a day of crackod 
gasolino from a Dubbs unit. Previously, doctor treatment was employed involving 
reduction in octano rating of the gasolino, a rathor hoavy treating loss, and rendering 
production of othyl grado gasolino (then 80 octano numbor) impossible. Installation 
of tho Unisol unit onablod reduction in mercaptan content of tho gasolino from 0-06- 
0-11% to an avorago of 0-0007% ; production of 80 octano gasolino with 3 mis. T.E.L. 
por gal. from tho crackod gasolino; production of 74 octano gasolino when including 
all stralghtrun gasolino produced; a lowor T.E.L. addition than previously required 
for tho treated crackod gasoline to give 74 octano grade ; reduction in treating lossos. 
The Unisol troatod gasolino usually becomes doctor swoot, or nearly so, after standing 
a few days in storage. There have boon no procoss difficulties, but corrosion in tho 
bottom of tho caustic recovery section, mado of carbon steel, is sovoro and requires 
considerable maintenance and repair. Tiiis will be eliminated when nickel-clad steel 
is available. Methanol losses aro loss than 2 gals, a day and total reagent costs 
bolow J c. per brl. treated.

Cost of installation was $20,000, and total savings plus appreciation in product 
values are estimated to bo $30,000 a year. R . A . E.

995.* Mercapsol Process for Gasoline Treating. B. L. MacKusick and H. A . Alves. 
Oil Gas J., 13.4.44, 42 (49), 126.— In the Mercapsol process, morcaptans arc removed 
from gasoline by countercurrent extraction with caustic soda solution containing as 
solutizor, high boiling tar acids, naphthenic acids or crosols etc. Regeneration is 
effected by diluting and boiling to the original volume. A  5000-brl. por day Mercapsol 
treating unit has been in oporation for 4 years with successful rosults, reducing mer-
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captan sulphur from straight run Ponna gasoline and cracked gasolino by 77%  and 
93%  respectively, and giving a slight increase in clear O.N. and definite incroaso in 
lead response. Tho process removes morcaptans in ono operation, using a low treating 
ratio, while tho solution is cheap, readily availablo, and may bo regenerated indefinitely, 
and is no moro dangorous to handlo than caustic soda. Oporation is simple, and operat­
ing conditions mild, whilo existing doctor or caustic washing equipment can bo readily 
convortod. A  flow shoot is given togothor with refining data on crackod gasoline from 
a pilot plant and on straight-run and crackod gasolino from tho commercial unit.

C. L. G.

996.* Allies Aviation Fuel Needs Supplied by More than 170 Units. Anon. Oil 
OasJ., 13.4.44, 42 (49), 157.— To increaso tho production of 100 O.N. aviation gasolino 
from 40,000 brl. to present requirements (estimated at considerably more than 500,000 
brl. por day) the construction of over 170 units has been completed or put in hand 
at a cost of $900,000,000. These include 60 catalytic crackers, fluid catalyst, T.C.C. 
and Houdry, producing aviation base of 80 O.N. which may be catalytically retreated 
to produce a more highly aromatic, more saturated product. 60 alkylation units 
combino isobutano and other iso paraffins with butono or fsobutono to form iso-octane 
or alkylato of 90-95 O.N. Tho isobutano required is supplied by 31 isomerization 
units in addition to that from catalytic units, natural gasolino plants or distillation 
units. fsoPentano of 92-93 O.N. is obtained by concentration of natural gasoline 
and light fractions of crudo. Cumeno, toluone, and benzono aro boing synthesized 
or concentrated from suitable stocks. Selective catalytic polymerization is used 
to produce ¿so-octene from butenes for hydrogenation to liydrocodimer. A  list is 
given of the 100 octane units operating or under construction, showing company 
and plant location, type, and completion date of units. C. L. G.

997.* Solvents Carry the Load in Quaker State’s New Lubricating Oil Plant. E. E.
Ebnor and F. T. Mortons. Oil Qas J ., 13.4.44, 42 (49), 173.— A description is given, 
with flow-sheet, operating data, and photographs, of a new furfural solvent oxtraction 
plant, an MEK-benzol solvent dewaxing plant and wax production plant at the 
Quaker State Oil Refining Corp. at Emlenton, Pa. The solvent dewaxing and wax 
recrystallization process sections aro separate and may be operated in parallel or in 
series. Reduced wax distillate of pour point 90° F. is dewaxod to a pour point of 
about 0° F., yielding about 20%  of slack wax of 125° F. molting point and 6%  oil 
content, which is mixed with additional solvent and deoilod at 30° F., giving a wax 
of molting point 130-132° F. and an oil content of woll below 1% . Alternatively, 
Pennsylvania cylindor stock is dowaxod to 0° F. pour point, yiolding a petrolatum of 
128° F. molting point with 8%  oil contont. This petrolatum is recrystallized at 60° 
F. to yiold a microcrystallino wax of high molting point and oil content bolow 0-5%. 
A range of noutral and heavy oils of varying pour point and of crystallino waxos of 
melting point from 110° to 140° F. and microcrystallino waxos of molting point 110° 
to 160° F. or highor can be produced. Tho dowaxod oils pass to tho furfural oxtraction 
unit which has a capacity of 1000-1750 brl./day, tho extraction towor containing 
8 nests of Rnschig rings, each 5 ft. in depth, down which furfural flows at 200-300° F. 
Using 160% of furfural by volume, yiolds of 92%  of neutral oil of viscosity index 
113 or of 94%  of cylinder stock of viscosity index 105 aro obtained. C. L. G.

998. Patents on Refining and Refinery Plant. J. G. Fifo. E.P. 557,290, 15.11.43. 
Appl. 26.1.42. Contaminants can bo romovod from refined or used mineral oil or 
wax by mechanically mixing with thorn a solid adsorbent material. During tho pro­
cess tho mixture is heated in a closed container under vacuum at a temperature bolow 
tho flash point of tho finally treated wax or oil to drive off low-boiling impurities. The 
absorbent material adsorbs high boiling impurities.

Shell Development Co. E.P. 557,315, 15.11.43. Appl. 29.4.42. In tho refining 
of sour hydrocarbon distillates containing mercaptans and stronger acids, morcaptans 
are absorbed into an aqueous alkaline solution containing a solutizer. A  spent 
solution is thus obtained which is regenerated by steam stripping. An improvement 
is effected in tho process if tho hydrocarbon distillate is treated with an aqueous 
solution of caustic alkali free from solutizors, to remove acids stronger than morcaptans.
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Tho resulting distillate is then troatod to remove from it alkaline water-soluble im­
purities. Aftorwards it is furthor troatod with tho aqueous caustic alkali solution 
and solutizor.

J. S. Highfiold. E.P. 557,397, 18.11.43. Appl. 17.6.42. An apparatus is described 
for treating liquids with solids in suspension in order to clear or cloan the liquids. 
It can bo usod for tho cleaning and purification of oil. Por this purpose a finoly 
divided solid such as Fuller’s earth is suspondod in tho oil for a considerable poriod 
during or aftor heating, and tho oil whilo hot is subjocted to a stripping oporation. 
Afterwards it is coolod and filtered. H. B. M.

Chemistry and Physics of Hydrocarbons.

999. The Viscosity of Pure Liquids. I. Non-Polymerized Fluids. R. M. Barrer. 
Trans. Faraday Soc., 1943, 39, 48-59.— Tho Arrhenius equation (y =  yoef'A'IlT) is 
used in a study of tho viscosity of many pure liquids of all kinds. Variations of EA 
(the energy of activation) with the nature of the liquid; and of E A and -log ij„ with 
chain length in some homologous series are discussed.

E
Consistent functional relations aro found between -log ya and E A or —^ which aro

independent of tho nature of tho liquid for liquid permanent gases, a-polar liquids, 
polar liquids, hydrogen and hydroxyl bonded liquids, non-polymerized ionic melts, 
and liquid metals. The data approximate to the general viscosity function ij =
3-71 x  lO-’ eO-^IU/Rl'poisos.

Theso properties aro satisfactorily accounted for by the zone theory of viscous flow.
C. F. M.

1000. The Viscosity of Pure Liquids, n . Polymerized Ionic Melts. R. M. Barrer. 
Trans. Faraday Soc., 1943, 39, 59-67.— Tho considerations of Part I  (see previous 
abstract) are extended to polymerized ionic molts for which E A may bo very large and 
frequently depends on temperature.

The number of degrees of freedom involved in oach zono and the total energy per 
activated degree of freedom necessary for flow to occur are estimated for typical 
glasses, liquid metals, simplo ionic melts, a-polar and polar or hydroxyl bonded fluids.

Tho range of tho Arrhenius energy of activation is compared for viscous flow, 
diffusion in solids or liquids, relaxation phenomena, and chemical reactions.

C. F. M.

1001. The Softening of Thermoplastic Polymers. Parti— Theoretical. R. F. Tuckott. 
Trans. Faraday Soc., 1943, 39, 158-168.— Tho general deformation produced in an 
amorphous high polymeric material by a given stress is analysed into three components 
(termed ordinary elastic, highly elastic and viscous), each dependent on molecular 
size, structure, temperature, and duration of stress.

It is shown that the various empirical softoning-point tosts in current use moasuro 
either the flow properties of tho material or tho temporaturo at which high elasticity 
develops. A  typical flow-property test, tho modlfiod Kraemer-Samow, is analysed 
furthor, and a relation between molecular sizo and softening temperature is predictod 
and shown to hold experimentally in tho case of tho polyvinyl acetates.

A critical survey of several recent estimates of polymer viscosities is givon, it boing 
shown that the viscous properties of such systems have often boen eonfusod with 
highly elastic ones. C. F. M.

1002. Application of Unit Operations to Fractionation and Other Vaporization Pro­
cesses. Part 1. R . L. Huntington. Refiner, February 1944, 23 (2), 57-60.— The 
phase rule is defined as :—

F  -f- P  =  O +  2, where F  =  the number of degrees of freedom which a system 
may have, such as temperature, pressure, and tho composition of any component 
in any ono phase. When a certain number of degrees of freedom has boon assigned to 
a system, it is said that the system is fixed. P  =  numbor of phases in the system.
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A phaso is any homogeneous mixture, such as vapour, liquid, or solid phase. 
Ordinarily, there is only ono vapour phaso, while there may be two or more liquid or 
solid phases present. G =  tho numbor of compononts or chemical compounds which 
aro required to make up tho systom. This rulo applios only to systoms in which tho 
different phases aro in equilibrium with each othor.

Tho rule is illustrated by studying conditions in a stoam boilor. A . H. N.

1003. Synthesis of Gasoline from Carbon Monoxide and Hydrogen at Atmospheric 
Pressure. F. Fischor. Refiner, Fobruary 1944, 23 (2), 70 -76 ; translated from 
Brennstojf-Chemic, 1935, 16, 1-11.— The elementary chemistry of tho synthesis and 
of tho primary roactant gasos is discussed. The production of Kogasin and its 
properties aro thon studied. The utilization of Kogasins as fuels and lubricants is 
then vory briefly indicated. A . H . N.

Analysis and Testing.

1004.* The Constitution of Petroleum Oils. Part 2. Hydrogenation Results. A . V.
Brancker. Petroleum, May 1944, 7 (5), 80.— For Waterman analysis tho require­
ments aro: (1) Aniline point by tho I.P. mothod (or, for coloured oils, tho spocial 
tube of Williams and Doans (Induslr. Engng Ghem. (Anal. Edn.), 1942, 14, 63) ; (2) 
Donsity at 20* C. (pyknomotor); (3) Refractive index at 20* C. (Abbo instrument);
(4) Molocular woight (Camphor method), bottor rosults aro obtainod by using the 
modified cryoscopic equation of Brancker, Leach, and Daniols (Nature, 1944, 153, 
407) for tho depression constant K ,.

The rosults of work and tho Waterman analyses aro given on threo lubricating oil 
fractions A , D, C, each of which is solvent extracted with S 0 3 ; and also on two 
aromatic-froe oils prepared from A  and R  raffinatos by exhaustive acid treatmont. 
Thoso show there is a concentration of aromatics in the extract, and no aromatics in 
tho acid-treated raffinates. Tho raffinatcs contained 5-4%  aromatic rings and 63-3%  
paraffins, compared with 11-4% aromatics and 55-6% paraffins in tho distillate. The 
naphthono content shows smaller variation in tho four oils, i.e. tho distillate, tho 
raffinato, the extract, and tho aromatic-froo oils.

The extract from A  was vacuum fractionated into 10 fractions. Tho rosults and tho 
Waterman analyses aro tabulated. Thoso show that fractionation is inadequate for 
segregating tho groups.

Another sot of rosults on tho ro-oxtraction of extracts aro givon, but oven this did 
not afford aromatics as high as would be expected. “ Whatever may bo tho criticisms 
of the Waterman mothod, it is considered that it affords a valuablo moans of com­
parison of refining procossos, and does give an indication of tho comparative distribu­
tion of the threo main groups of hydrocarbons.”

There is a discussion on tho Waterman results and how tho group structures would 
be affected by solvont oxtraction and chromatographic absorption.

This leads up to tho subject of ring homogenicity, which is also discussed. In 
accepting ring homogonicity as a basis, tho obtaining of aromatic concontratos by 
absorption or solvont extraction can be explained by assuming that an extract consists 
of ring hydrocarbons which may be mono-, bi-, or polycyclic, but not a mixture of 
all, and that these rings have associated with thom alkyl groups of different chain 
lengths. When paraffin chains contain sufficiont numbers of C atoms, tho balanco 
is on tho sido of paraffinicity, and when tho chains contain only a small numbor of 
C atoms, tho aromatic properties of tho molecule predominates. This conception 
may havo to be modified in the future.

Tho raffinate figures givon do not mean that tho paraffins aro separato compounds, 
tho paraffinic part of the oil must be combined in some way with tho cyclic hydro­
carbons oithor as long-chains or links between rings, or a largo numbor of alkyl groups 
(of few C atoms).

As no dione numbor was obtained with the aromatic extracts, it is suspoctod that 
conjugation in the aromatic rings is masked by alkyl groups, or evidonco of its presence 
is preventod by steric hindrance.

Two typos of hydrogenation vessels are illustrated and described, and an ingonious 
mounting is shown for oscillating the reaction vessel. Rosults of hydrogenating
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naphthalono and lubricating oil A extract, in the prosonco of 8%  Ranoy Ni, and 8%  
reduced N i02 at various tomporaturos, aro shown in graphs. Tho results with lubri­
cating oil A  extract, completely hydrogonatod after 10 consecutivo runs, and other 
experiments, confirmed Watormans charts, and verified his constant 0-85. It is 
concludod from theso results that tho Watormans charts and constants aro applicable 
to tho potroloum oils studied, and afford a valuablo method of group analysis. In 
all casos hydrogonation turned coloured oils to water-white products, suggesting that 
resonancos in theso oils is duo to tho chromopliore group -C =  C- prosont in tho aromatic 
nuclei, which groups become saturated on hydrogonation. W . H . C.

1005.* Radiation, the New Petroleum Analytical Tool. C. H. Schloscman and F. P. 
Hoohgosang. Oil Gas J., 13.1.44, 42 (36), 41-44, 49, 72, 75, 76.— A review is givon 
of tho principios, usos, and limitations of X-ray and oloctron diffraction, mass spectro­
scopy, omission spoctróscopy, Raman, ultra-violot, and infra-rod spoctrography for 
analytical purposes in tho petroloum industry.

X-ray diffraction can be used to identify crystallino solids, and has been applied 
to the identification of inorganic doposits found on valvos, boarings, oil filters, otc., 
and of addition agents if obtainablo as crystallino solids, catalysts, etc. Its limitations 
are : (1) necessity for sample to bo crystalline, (2) empirical nature of results requiring 
comparativo data, (3) insensitivity to traeos and unsuitability for complox mixtures. 
On tho averago, 5 hours is required for tlio tost and 1 hour for tho calculations.

Eloctron diffraction is usod to study surface plionomena which may bo too thin to 
bo detected by X-ray diffraction, owing to the intonso penetrating powor of tho X-rays. 
The maximum resolution is of tho order of 0 01 micron, an important feature being 
tho dopth of focus obtained in olectron micrographs. An exposure of a few minutes 
only is required, tho necessary calculations taking about an hour.

Mass spectroscopy is used for tho analysis of light hydrocarbon products, and should 
bo usoful for tho analysis of surface gases in potroloum prospecting. Tho analysis 
talcos 15-30 minutes, but the calculation may roquiro sovoral hours.

Emission spoctrography is usod for tho identification of motáis and metalloids, 
boing capable of detecting a few parts por million of e.g. impurities and boing par­
ticularly useful for alkali detection. Quantitative analysis can be made by comparison 
of tho spectrograph with thoso from known motals. Analysis time varies from a few 
minutos to several hours.

Ultra-violet absorption spoctroscopy can bo used for the identification and estimation 
of molecules containing resonating groups, in particular aromatic hydrocarbons, 
drying oils, and rosins. Tho location of sido-chains and tho prosonco of conjugatod 
unsaturatod groupings can bo dotorminod. Tho analysis requires about J hour, blit 
tho calculations may tako sovoral hours.

Raman spoctrography is limited to the identification of mixtures containing not 
more than 5 compononts and which do not fluoresce. Tho analysis takos sovoral 
hours, and quantitative determinations are very complicated.

Infra-rod spoctrography is boing applied to an increasing oxtent for the analysis 
of mixtures of light hydrocarbons which do not contain moro than 4 components 
(owing to tho complexity of tho spoctrograph), and for tho determination of functional 
groups in the moloculo. Tho analysis requires from a fow minutes to an hour, whilo 
the calculation may roquiro one hour. Difficulties ariso in tho obtaining of absolutely 
pure compounds for reference, in tho measurement and amplification of the radiation, 
and in obtaining suitable materials for prisms and windows which will transmit 
infra-red radiation without selective absorption. Sodium chloride is generally used 
but wator vapour and carbon dioxide must be excluded or corrected for.

C. L. G.

1006. An Efficient Low-Holdup Laboratory Column. J. R. Bowor, .Tnr., and L. M. 
Cooke. Refiner, February 1944, 23 (2), 63-66. Paper reprinted from Ind. Engng. 
Chem. Ind. Ed., April 15, 1943.— The column described contains a packing consisting 
of a narrow strip of wire gauze twisted to produco a series of vortical plates at an angle 
of 90° to each other. A  strip of 50 (or 60 X 40) mesh Monel-motal-wire gauze (1-5 
times tho length of tho glass column) was cut from a sheet of this material with heavy 
scissors. The width of tho gauzo should be approximately two wire strands greater
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than the diainotor (4 x 6 mm.) of tho tube to be packed. Tho two outside longitudinal 
strands woro thon removed and tho projocting latoral strands bont back in ono direc­
tion until tho strip fitted tightly in tho glass column. Tho gauze strip was thon 
ready for twisting. This was accomplished by use of two pairs of round-nosod pliors, 
tho noso of one pair of which had boon ground to a thickness of about 0-15 cm. (0 06 
in.) Tho top of tho gauzo strip was gripped tightly with tho thin-nosod pliors, and 
0-3 cm. (0-125 in.) away with tho standard pliors, and tho strip was thon twistod through 
90° with a simultaneous compression force, so that whon tho two pliors woro at an 
anglo of 90° thoy wore touching oach othor. This rosultod in the formation of two 
flat vertical planes at 90° to each othor, separated by two horizontal, opposed quadrants. 
Tho further twisting of the gauzo strip was accomplished by gripping it j ust bolow tho 
first bond with tho thin-nosod pliors and 0-3 cm. (0-125 in.) bolow that point with tho 
standard pliors. Tho twisting (in tho same direction as tho first turn) and com­
pression motions woro thon carried out as described abovo. This ontiro process was 
ropoatod until tho whole strip had boon convortod into a series of about 0-3 cm. (0-125 
in.) vortical gauzo platolets.

Tho mothod of insertion using oleic acid as lubricant, and tho oporation of tho 
column aro fully doscribod. A . H . N.

1007.* A Laboratory Timing Clock. Noto by G. F. Smith. J. Chem. Soc., 1944, 
113.— A  simple device is described which eliminates tho loss of accuracy incurred 
whon a scries of succossive events are timed without stopping tho clock. The seconds 
hand of tho electric clock carries a rider which is disengaged by an oloctromagnet 
when a tapping key is depressed. After noting tho reading given by tho rider it is 
then re-engaged with tho hand of the clock ready for tho next measurement. It is 
claimed that at least four readings per minuto can bo made by this moans with an 
accuracy of about A sec. C. F. M.

1008.* Use of Mass Spectrometry in Routine Analysis of Refinery Gas Samples. J. G.
Schaafsma. Oil Gas J., 6.4.44, 42 (48), 57.— A brief description of tho General 
Petroleum Corporation’s Mass Spectrometer is givon. Any light hydrocarbon 
mixture can be analysed provided tho pure constituents are available for the 
calibration.

n- and iso-pentanes and total pentanes aro easily determined. Traces of C6 hydro­
carbons (0-1-1% ) can.be estimated with sufficient accuracy without going through 
tho complete calculations required to separate these constituents. Oxygen and 
nitrogen can bo accurately determined. C 02 interferes badly with certain hydro­
carbon peaks and is removed before tho analysis.

The accuracy of tho instrument is discussed and the results obtained by two com­
panies, on the samo samples, aro shown to bo highly satisfactory. Othor work has 
shown that 0 1 -0 -3 %  of heavy ends, i.e. pentanes and hexanes is present in samples 
that were not recorded by conventional methods.

-Elapsed time, man hours, samples por shift and long and short methods of analysis 
aro discussed, and a table shows the times required for a complete analysis, and for 
tho key components only, on samples from a gas plant and from an alkylation unit 
processing butenes and pentenes together. The results from the alkylation unit aro 
compared with tho times taken by tho conventional low-temperature fractionation 
and acid absorption method.

Instrument time is usually 30 minutes for all typos of samples, but calculation 
times differ widely. Determination of a single paraffinic constituent varies from 
5 to 10 minutes, depending upon whether an isomer is present. Calculations for all 
components of a C ,-C 4 paraffinic gas takes 30 minutes, the presence of iso- and n- 
pentanes may add another 10 minutes. A  cracked C, through C4 gas, requires about 
1 hour calculating time owing to the presence of olefins, and tho presence of appreciable 
amounts of pentenes may add from J—1 hour, depending on whether they aro calculated 
as a total or as individual pentenes.

About 1 hour per day, on an average, is spent in calibrating tho instrument. A 
complete calibration is only needed each two weeks, but a »¡-butane check is made 
daily and takes less than 30 minutes. A  complete analysis of a cracked gas containing 
no pentanes would require :—
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Elapsed time, minutes.
Introducing samples . . . . . . . .  5
Making run from Mass 10 to Mass 66 . . . .  20
Making run from Mass £ to Mass 4 .......................................... 5

(H2 requires weaker magnetic field)
D e v e l o p i n g ................................................................................... 5
Calculation for all components . . . . . . .  60

Total 95

For comparison, a short method for iso-butano-propane, from a Depropanizer 
(Masses 40-60) would roquiro 25 minutes, the calculating time by inspection (included) 
being 5 minutes.

Short methods save much time in eases where operations can be controlled on the 
basis of one or two key components, i.e. iso-butane and propano from a Depropanizer. 
Two short cuts are explained. Calculation by inspection is extremely useful to deter­
mine up to 5 %  of undesirable heavy constituents caused through improper plant 
control.

A comparison of results of gas analyses, by combined fractionation and acid absorp­
tion, and by the mass spectrometer, is shown. W . H . C.

1009. Use of Mass Spectrometer in Analysis of Refinery Gas Samples. J. G. Sehaafsma. 
Petrol. Engr, April 1944, 15 (7), 136-144. See Abstract No. 1008. R . A . E.

Motor Fuels.

1010. Effect of War-time Fuel Developments upon Post-War Fuel Problems. A . T.
Colwell. J. Soc. aut. Engrs, 1944, 52 (1), 1-12.— The author lias interviewed 81 of 
the leading oil and automobile engineers of America to obtain their views on probable 
trends in post-war fuels and automobiles.

Tho weighted average opinion leads to the following conclusions :—

(1) No new models will bo on the market for at least 18 months after the war.
(2) It is anticipated that a portion of present high-octane capacity— about 

10% of total fuel capacity— will bo available for automobiles if it can bo utilized. 
There is no object, however, in using high-octane fuel in an engine not designed 
for its use. It is hoped that two grades of gasoline will eventually satisfy all 
demands, but immediately after tho war four grades will probably be marketed—  
viz., aviation of 100 octane and 100 octane plus; premium of 85-87 octane; 
regular of 75-77 octane; and third grade of 70 octane for tractors.

(3) Compression ratios of highor than 8-1 are not expected. Although 
limited gains in power are' possible, successive increases in compression show 
diminishing returns, and pre-ignition rating, as distinct from detonation rating, 
might be necessary.

(4) The medium size car will aim at 25-30 m.p.g., but the very small car is 
not foreseen. Economy may be achieved by the use of a 4-cylinder engine in 
some cases. The general aim will bo towards economy rather than super 
performance.

(5) Higher compression pressures and temperatures will require improved 
lubricants with better characteristics such as higher V .I., less sludging and oxida­
tion, and more resistance to breakdown under increased pressures and tem­
peratures.

(6) Supercharging is expected to be used on some heavy duty vehicles, but not 
on automobiles as long as economy is the dominating factor.

Considerable data in the form of tables and graphs are given to support the opinions 
expressed. C. H . S.

1011. Patents on Motor Fuels. Shell Development Co. E.P. 556,803, 22.10.43. 
Appl. 4.2.42. In the isomerization of saturated hydrocarbons containing from 4 to

B  B
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9 carbon, atoms, tho saturated hydrocarbons are contacted under isomerization con­
ditions with a catalyst containing a small proportion of an anhydrous aluminium 
halide and a major proportion of activated alumina.

Anglo-Iranian Oil Co. E.P. 556,894, 27.10.43. Appl. 2.10.40. In tho production 
of branched-chain alkanes, normal alkanes in vapour phase and an aluminium halide 
catalyst are contacted with porous or sorptive substances or surfaces at a reaction 
temperature not greater than 250° C., and determined according to the feedstock and 
the desired product.

Anglo-Iranian Oil Co. E.P. 556,895, 27.10.43. Appl. 1.7.41. A  process is de­
scribed for tho production of branched-chain alkanes by the catalytic treatment of 
normal hydrocarbons containing more than 3 carbon atoms in the molecule. Volatile 
catalysts aro used, e.g. an aluminium halide, having activity in hydrocarbon isomeriza­
tion reactions and having a measurable vapour pressure at or below the reaction 
temperature.

Anglo-Iranian Oil Co. E.P. 556,896, 27.10.43. Appl. 1.7.41. Branched-chain 
alkanes are produced from a normal alkane containing 4 or more carbon atoms in 
tho moloculo by omploying an aluminium halide as catalyst and contacting the normal 
alkano at isomerization reaction temperature in tho reaction vessel successively with 
tho catalyst and porous or sorptive surfaces. Tho process relates particularly to the 
production of brancliod-chain alkanos from normal butano or normal pentane, includ­
ing hydrocarbon mixtures containing a portion of such normal hydrocarbons.

Anglo-Iranian Oil Co. E.P. 556,897, 27.10.43. Appl. 1.7.41. A  process is de­
scribed for the catalytic isomerization of a normal alkane containing more than 3 
carbon atoms in the molecule, in the presence of an aluminium halide as catalyst. 
The normal hydrocarbon feedstock containing a predetermined amount of water is 
contacted before isomerization with an aluminium halide under conditions in which 
a corresponding proportion of the halide reacts with the water of tho feedstock. In 
this way the feedstock is dried and a corresponding proportion of hydrogen halide is 
produced for maintaining the activity of the catalyst. H . B. M.

Lubricants and Lubrication.

1012. The Heat of Adsorption of Long-Chain Compounds and their Effect on Boundary 
Lubrication. J. J. Brewing. Proc. Roy. Soc., 1944, A, 182 (990), 270.— By tho 
application of tho conventional mathematical treatment of unit process rates, it is 
shown that tho equilibrium state of an adsorbed film of a polar body at the interface 
between a solution of the polar body and a metal surface would be expressed by tho 
relationship :

I'l x
K  =

k3 C(1 — x)

whore K  =  equilibrium constant; Zq =  the rate constant for tho adsorption process; 
Zq =  the rate constant for the solution process; x =  fraction of surface occupied by 
adsorbed molecules; G — the concentration of the polar body in tho solution.

Tho influence of temperature and of heat of adsorption on the value of K  is deduced 
by tho use of the integrated form of the Van’t Hoff isochore, and is given by :

loge K  =  +  constant of integration

whero XJ =  heat of adsorption (assumed independent of T  over the small range in 
question); R =  gas constant.

The frictional behaviour of mild steel surfaces lubricated with solutions in white 
oil of long-chain halides, acids, a-substituted acids, esters, cyanide, thiocyanate, and 
a nitro-derivative has been investigated under high loads at low speeds. Tests were 
carried out on a machine in which rapid fluctuations in friction aro transmitted 
through a movable member carrying one of the bearing surfaces, a record of the in­
stantaneous friction being made (Frewing, Proc. Roy. Soc., 1942, A, 181, 23). In all 
cases a transition from smooth sliding to stick-slips occurs at a temperature which is
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characteristic of tho particular solution employed. For each substance tho transition 
temperature increases with tho concentration.

Assuming that tho transition occurs at a doiinite value for x, i.e., at rr =  a, for any 
one material, then it follows from the foregoing relationships that

2-3 log10 O — — UjjRTt +  constant,

Tt being the transition temperature at concentration C. Honeo log10 C should bo 
linear with respect to 1/21,. This was found to bo so in all coses, indicating that tho 
adsorbed film is in equilibrium with tho solution.

The values found for tho coefficients of friction wore the samo as those previously 
found for monolayers of tho samo substances. Tho adsorbed film-solution equilibrium, 
and tho values found for tho hoats of adsorption suggest that tho adsorption takes 
place by interaction of tho dipoles in tho polar groups with the metal atoms at tho 
surface, not by direct chomical combination. In the caso of tho ostors, tho results 
suggest that the orientation at motal surfaces is similar to that at aqueous intorfacos, 
i.e. when tho “  alcohol ”  chain contains five or more C atoms, tho lateral attraction 
botween tho “  alcohol ”  and “  acid ”  chains is sufficient to force tho moleculo into tho 
“  hairpin ”  configuration, and the obstruction of the polar group by methyleno chains 
is reduced. C. G. G.

1013. Patents on Lubricants and Lubrication. A . La Rue Parker. E.P. 556,834, 
21.4.42. Appl. 25.10.43. A  paste for sealing threaded joints between metals consists 
of a mineral oil having a viscosity of at least 140 secs. Saybolt at 210° F., and fused 
lead stoarato intimately blended with tho oil. Approximate proportions are 120 parts 
of oil to 20-35 parts of stearate.

Standard Oil Development Co. E.P. 557,177, 9.11.43. Appl. 24.12.41. Pour 
depressors for waxy lubricating oils are prepared by chemically condensing an aliphatic 
olefin having between 5 and 10 carbon atoms with an aromatic compound in the 
presence of a Friedol-Crafts catalyst and recovering from tho reaction product a 
residuo which is substantially non-volatile at temperatures bolow 600° F.

H. B. M.

Special Products.

1014. Determination of Oil Deposit on Citrus Leaves by the Steam Distillation Method.
F. A . Gimthor and J. P. La Due. J. Econ. Ent., Febuary 1944, 37 (1), 52.— Tho 
mothod of Gunther and Eboling (J . Econ. Ent., 1942, 35 (3), 333) for determining 
korosino deposit on citrus leavos has been modified for use with heavior spray oils. 
No modification is necessary to tho apparatus, but dilute phosphoric acid is now 
used to decompose tho loaves, instead of an aqueous solution of sulphuric acid, nitric 
acid, and aluminium sulphate, prior to steam distillation. Tho mothod is claimed 
to bo rapid, aceurato, and reproducible, and independent of tho extent of penetration 
of tho oil into the leaf tissues. C. L. G.

1015. Laboratory Tests of Synthetic Organic Compounds as Insecticides. M. C.
Swingle, J. B. Gahan, and E . L. Mayer. J. Econ. Ent., February 1944, 37 (1), 70.—  
The results are given of tests carried out by the Bureau of Entomology and Plant 
quarantine at Sanford, Fla., on the toxicity towards a variety of chewing insects of 
82 organic compounds. The compounds were applied as dusts on leaves which were 
fed to the insects in closed petri dishes and, in the case of volatile compounds, tested 
as fumigants after mixing with sand. Tho following compounds were found moderately 
toxic, but none are considered to bo of practical value :— 2 chloro-6-nitrotoluenc,
4-chloro-2-nitrotoluene, p-nitro phenyl acetate, d-bromo camphor, chloral acetamido, 
yy-dipyridyl, 2-iodo-3-nitrotoluene, p-nitropropionanilide, phenanthrene, 2-quinolinol 
and 8 quinolinol. C. L. G.

1016. Toxicity of Nitro Paraffins and Chlorinated Nitro Paraffins to California Red 
Scale and their Effects on Lemon Fruits.— R . A . Fulton, R. L. Busbey, and H . R. 
Yust. J. Econ. Ent., February 1944, 37 (1), 117.— In fumigation tests against red 
scale on lemon fruits, no significant mortality was shown by the lower nitro paraffins,

C O
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nor were tho fruits injured. Of the chlorinated nitro paraffins tested, all caused 
severe injury at concentrations high enough to give control, with the exception of 
1 : 1-dichloro-l-nitropropano. In general tho mono-chlor derivatives caused moro 
injury than the di-chlor derivatives. C. L. G.

1017. The Use of D-D Mixture Against Anomala and Adorelus Infesting Nursery 
Stock. W . Carter. J. Econ. Ent., February 1944, 37 (1), 117.— A saturated solution 
in water (0-2%) of D-D mixturo (1 : 3-dichloropropyleno and 1 : 2-dichloropropano) 
diluted with 3 vols. of wator has been shown to kill larvoo of ground beotlo in nursery 
stock, higher concentrations injuring tho stock. C. L. G.

1018. Tests Conducted by the Bureau of Entomology and Plant Quarantine to Appraise 
the Usefulness of D.D.T. as an Insecticide. P. N. Annand ot al. J. Econ. Ent., 
February 1944, 37 (1), 125-159.— A  series of papors gives tho results of tests carried 
out by the above Bureau to determine the toxicity of dichlorodiphenyl-trichloroethano 
(“ Gesarol,”  “  Neocid,”  D.D.T., or G.N.B.-A). towards a wido variety of insect pests. 
It was first prepared in 1874 by the reaction of chloral and chlorobcnzene in tho 
presence of concentrated sulphuric acid, and is a crystalline solid, practically colour­
less, almost odourless, and rather stable, insolublo in water, but soluble in most 
organic reagents, and of low volatility. It acts as a nerve poison when injected or 
absorbed into tho skin.

When used in tho form of dusts, solutions, or emulsions, effective control of tho 
following insects has been obtained : Human and animal lice, bed-bugs, ticks on 
vegetation and dogs and cattle, chiggers, house-flies, stable flies, manure-flios, fleas, 
roaches, cereal pests, and a wido variety of agricultural and horticultural pests includ­
ing the codling moth, cabbage caterpillar, aphids, weevils, etc. Generally it appears 
to bo excellent against human, animal, domestic, and warehouse pests, and without 
ill effects, the outstanding feature being its persistence. Thus garments treated 
with a D.D.T. solution will withstand 3-6 washings and still remain effective against 
lice, while flies are still knocked down several hundred days after tho spray is applied, 
though the initial knockdown is much slower than that of other insecticides. Against 
roaches, sprays gave bettor control than dusts, but tho residual effect is less. Tho 
control of codling moth is more effective than with lead arsenate or nicotine, but there 
was some leaf damage and an increaso in red spider population. It  lias been estab­
lished that D.D.T. is a stomach poison for honey bees at 0-05% and a contact poison 
at 1-0% concentration. C. L. G.

1019.* Liquid Fuels and Organic Chemicals from Coal and Home-Refined Petroleum.
H. Moore. J. Inst. Fuel, February 1944, 17 (94), 65-74.— A review is given of tho 
pre-war position in tho production of derivatives from coal and petroleum from 
toclmical and economic aspects, and suggestions made for tho linos on which post­
war policy should be based in order to integrate the two industries, taking into ac­
count probable restriction of imports and recent developments in the production of 
chemicals from petroleum.

In 1938, 38-2 million tons of coal were carbonized in coke-ovens and gasworks, 
and about 0-5 million tons in low-temporaturo carbonization plants, no difficulty 
being experienced in tho disposal of by-products, though creosote and pitch wero 
hard to market. Recent developments, however, enable those products to bo satis­
factorily usod as fuel. Hygrogenation is considered too expensive for large-scale 
production of petroleum substitutes, and tho Fischer-Tropsch process of economic 
value only for tho production of special products, e.g. waxes, fatty acids, and alcohols, 
though the ai’ailability of a cheap source of hydrogen might alter the picture. Acetyl­
ene from coke is another useful raw material for chemical production, but tho cost is 
at present too high. Petroleum refining hi this country is largely based on asphalt 
production, by reason of the difficulty of transporting it by sea and of the preferential 
tariff it enjoys. Lubricating-oil production and genoral refining have met with 
moderate success, but cracking plants have not been too successful, owing to the 
production of large quantities of gas, of little or no value at that time.

To allow of greater quantities of coal being carbonized, a 50%  increase being sug­
gested, encouragement will have to be given to the greater use of gas and coke and
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to the exclusion of coal in domestic and industrial use. This will lead to a lower coal 
production, but an increaso in tho carbonizing and allied industries which will make 
rip for the increaso in unemployment underground. A  reduction in atmospheric 
pollution can also bo oxpoctod, and there will bo a big increaso in derivatives for tho 
fuel and chemical industries. The use of creosoto and pitch, tho only by-products 
which may bo difficult to dispose of, could bo encouraged by increasing the tax on 
imported fuel.. Much of the present tar-distillation equipment will require overhaul 
and replacement and modernizing to handle the additional quantities of tar. Re­
search should bo expanded on the hydrogenation and Fischor-Tropsch processes 
and on the use of producer gas and liquid methane as fuel for road vehicles, powdorod 
coal, and oil for external combustion and steam engines for road vehicles.

Petroleum is a particularly usoful sourco of chemical products by reason of its low 
price and wide availability, high hydrocarbon content, and tho varioty of products 
availablo from modern refinory processes. Home rofining should bo encouraged, not 
only to provide tho basis of a petroleum chemical industry, but because it is clicapor 
to transport crudo than its products and local requirements are best met by local 
refining. Rofining in the consumption centro is also a more permanent proposition, 
and does not dopond on the availability of crudo from any particular fiold. It is 
estimated that the home refining of 12 millions tons of petroleum would require an 
outlay of £30,000,000, but a similar sum should bo saved per annum in advorso trado 
balance by reason of tho price differential botween crudo oil and its products. An 
annual turnover of 10-15 million lb. of products for tho chemical industry is estimated. 
It is proposed that 7 refineries should bo constructed near tho largo centres of popula­
tion, tho products boing handled by a national organization similar to the Petroleum 
Board. Considerable modifications of tho present method of taxation of petroloum 
products would bo called for, and somo form of preferential duty applied to home- 
refined products. C. L. G.

1020.* Toluene Recovery Plant Employs Azeotropic Distillation. A. L. Foster. Oil 
OasJ., 13.4.44, 42 (49), 130.— Tho Beaumont Texas Refinory of tho Magnolia Petroleum 
Co. is recovering and concentrating 350-400 brl. per day of toluene from tho thorrnally 
cracked naphthas from polyform, Cross, and combination units. Tho distillate is 
fractionated into tops of end point about 200° F., a toluene concentrate of 215-245° F. 
boiling range, and bottoms. Tho concentrates from polyform distillato contain 
23%  toluene, and those from Cross and combination units 8% , an overall recovery 
of 80 %  being obtained. Methyl alcohol is added to the toluene concentrate and charged 
to tho first azeotropic tower to produce a bottom toluene/alcohol mixture containing 
50-70%  toluene and a top hydrocarbon/alcohol mixture containing 55%  alcohol. 
Tho bottoms are mixed with additional alcohol and charged to a second tower produc­
ing a bottom fraction containing 96-98%  toluene and a top fraction containing 09%  
alcohol. Tho crudo toluono is contacted with 6 -1 0 .lb. per brl. of sulphuric acid, 
filtered through gravel, water washed, caustic washed, filtered, hydrolyzed with 20° 
Be caustic for 1 hour at 300-325° F. to remove sulphates and sulphonates, and re­
distilled. Tho nitration grado of toluene produced has tho following properties : 
Paraffin content, 0-5%  : distillation range, 110-4° C.-110-8° C .; specific gravity, 0-869; 
cloud below, 30° C., and acid wash colour, 1-2. The aviation grade has tho following 
properties: gravity, 31-6° A .P .I .; sulphur, 0-03% ; colour, 30 Saybolt; copper dish 
gum, 2-5 mg./lOO m l.; copper dish corrosion, nil.; accelerated gum, 4 mg./lOO m l.; 
accelorated gum residue, 0-1 gm./lOO m l.; A.S.T.M. distillation range, 227—233° F. 
The methanol in tho azeotropic overheads is recovered by water extraction and dis­
tillation producing 99-5% alcohol and 99%  water. The alcohol-free gasolino is 
returned to the refinery for motor gasoline blending. C. L. G.

1021. Action of Inert Dusts on Insects. V. B. Wigglesworth. Nature, 22.4.44, 153, 
493.— Tho toxic action of chemically inort dusts on insects has been attributed to 
their increasing tho rate of evaporation of water through tho cuticle, possibly by 
adsorption of tho epicuticle fat film, thus interrupting the continuity of this film 
over submicroscopic areas. It has now been shown from observations, mainly on 
the bug Rhodnius, that abrasion of this film by the dust is an important factor. If 
alumina dust is applied to the insect suspended in mid-air, no desiccation takes place, 
but if it is allowed to run over tho dust, it is desiccated within 24 hours. If abrasion
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is prevented by applying a wax coating to tho abdomen, which normally touches 
tho ground, the desiccation is much reduced. Polyphenols present in the insect 
cuticlo do not reduce ammoniacal silver hydroxido, owing to the protective coating, 
but, if this is abraded, reaction can be shown to tnko place in these areas. In a moist 
atmosphere the impermeability to water of insects rubbed with the dust is largely 
restored by secretion of a wax film, but if the dust is allowed to remain on tho insect, 
by immobilization, no recovery takes place. Insects first rubbed with alumina dust 
will succumb to a 2 %  nicotine solution within 20 minutes, but will otherwiso with­
stand it for 24 hours, rotonono giving similar results though less quickly. It  is sug­
gested that the addition of abrasives to insecticidal dusts may be worth consideration.

C. L. G.

1022. Raw Materials for the Plastics Industry. W . J. Worboys. Brit. Plastics, 
June 1914, 16 (181), 249.— Tho raw-material requirements for the range of plastics 
now made or which might bo mado in the U .K . in the future aro discussed. For tho 
present thermosetting plastics, phenol, cresol, benzene (for synthetic phonol) can bo 
supplied at competitive pricos by the coal-tar distillation industry and formaldohydo, 
methanol, and urea by tho synthetic nitrogen industry. Acetylene, raw matorial 
for tho vinyl products, requires a cheap supply of calcium carbide, previously imported 
from Scandinavia, and if domestic production of this material is not economic, im­
portation of carbide or manufacture of the resins from ethylene could bo considered. 
This can bo obtained from alcohol, from molasses or wasto agricultural products, or 
from coke-oven gas, though tho latter source will require considerable technological 
development. Oil cracking also provides ethylene, but tho yield is small unless the 
oil is cracked for this purpose. From propylene produced at the same time, acetone, 
raw material for the acrylic resins, can be obtained. Acetone is also produced in tho 
U .K . from alcohol, and this sourco provides acetic acid for cellulose acetate, whilo 
a new American process manufactures it from carbon monoxide and methanol.

Some of the American plastics, made only on tho small scale in the U .K ., e.g., 
polyvinylidene chloride, polyvinyl butyral, ethyl cellulose, and cellulose acetobutyrate, 
requiro ethylene, acotylono, and acetic acid and butyl alcohol. The formentation 
of molasses produces butyl alcohol, whilo rsobutyl alcohol is manufactured from cool 
by a modification of tho methane synthesis.

Tho nower American plastics, e.g. melamine-formaldehydo and other cross-linking 
rosins, as well as a wido range of plasticizers, aro largely derived from oil, but coal is 
not excluded as a sourco of theso products, just as in tho U.S., Russia, and Germany 
synthetic rubber is derived to a greater extent from alcohol or coal than from 
potroloum.

It is pointed out that cost of tho raw material is only a small item in tho cost of tho 
finished product and that purity is a very important consideration. Future plastics 
will probably bo complementary to existing typos, and now fibre-forming polymers 
are likely to bo developed, as also are modifications or new forms of existing materials.

Tho plastics industry should bo able to make an important contribution to tho 
country’s post-war trado. C. L. G.

1023. Dermatitis from Synthetic Resins and Plastics. C. A . R. British Plastics,
Juno 1944, 16 (181), 256.— It is suggested that present liyporsensitivity to dermatitis 
is duo to a deficiency in the diet of certain unsaturated fatty acids (e.g., linoleic and 
linolenic) owing to the reduced amount of linseed oil cake in cattlo food affecting the 
milk and butter produced. In one laboratory in tho plastics industry, dermatitis 
difficulties have been cleared up by the use of a proprietary maize preparation 
which may be applied externally or taken internally. C. L. G.

1024. The Influence of Metallic Salts on the Drying of Linseed Oil. H. W . Rudd. 
J. Oil Colour Chem. Assoc., June 1944, 288, 111-118.— A study has been made of tho 
effect of a series of alkali salts including sulphate, chromate, borate, and silicate on 
tho drying of linseed oil containing cobalt, manganese, and lead driers, the paint being 
prepared in emulsion form so os to give intimate contact between oil and salt on 
evaporation of water. The effect of the combination of salt and drier has been cor­
related with the nature of the film resulting from contact of the aqueous salt solution



ABSTRACTS. 3 5 1 a

and the oil containing tho drier. Increase in weight tests were carried out on thin 
films of the linseed oil-drier omulsion (using ammonium oloate-gelatin emulsifier) 
to which 2J% of the. salt was added, the films being first dried in vacuo over calcium 
chloride to remove -water. In general, the salts caused an increaso in induction period 
and a decrease in the rate of oxygen absorption, this not boing duo to poisoning of 
tho drier, as oil recovered from the emulsion dries normally. In tho absence of driers, 
sodium sulphate and sodium phosphate have no effect, whereas chromntes accclerato 
drying. In general, salts, except chromates, had little or no effect on oil containing 
cobalt drier (linoloato), but some variable inhibition effect on oils containing lead and 
manganese driers. Chromates, in tho presence of driers, accelerate drying as a result 
of oxidation, except in tho case of lead, whore tho induction period is prolonged owing 
to precipitation of load chromate. A  microscopic examination of tho surface pheno­
mena resulting from placing a minute drop of tho oil plus drior on a thin film of salt 
solution revealed that combinations of salt and drier which inhibited drying in tho 
above tests gave rigid or semi-rigid interfacial films, while those which had no effect 
on drying gave non-rigid films of tho normal type. There can be no question of 
chemical action between the salt and soap, as the oil from broken emulsions which 
exhibit inhibition of drying dries normally, nor is there any sign of precipitation. 
It is suggested that a molecular complex is produced which prevents the soap from 
catalysing tho oxidation of the oil. This complex disappears when the emulsion is 
broken, but when rapid evaporation of tho water from a film takes place the complex 
remains intact in tho caso of combinations of sufficient stability, while with others 
it disappears and tho oil dries normally. C. L. G.

1025. Action of Inert Dusts on Insects. H . Kalmus. Nature, 10.6.44, 153, 714.—  
Confirmation of the conclusions reached by Dr. Wiggles worth (soo Abstract No. 1021 
on the importance of abrasion and possibly adsorption of the waxy coating on bisects, 
in causing tho desiccation of insects by inert dusts, has been obtained by tests on 
Drosophilia flies, etc. Dusting the insects with charcoal caused rapid death in 
atmospheres of low humidity, but in high humidity thoy survived several hours. 
Immobilization with carbon dioxido, to reduco abrasion, boforo treating with dust 
also prolonged their survival. Abrasions caused by charcoal wero observed under the 
microscope on the abdomen of the cottonstainer Dysdercus sp., where the femora 
had rubbed it. Cutting tho legs before dusting prevented scratching and increased 
tho time of survival. C. L. G.

1026. Coal Tar Paints. Anon. Chem. Tr. J., 16.6.44, 114, 620.— E.P. 560,300 
granted to the South Metropolitan Gas Co. and G. H. Fuidge covers tho preparation 
of improved coal-tar paints which do not become brittle and crack on outside ex­
posure. Coal-tar pitch, of melting point about 80° C., is treated at 180-230° C. with 
air or oxygen or with lJJ-3% sulphur to increase the melting point to 95-120° C. 
The pitch is then fluxed with 3 -1 2 %  of coal-tar oil boiling above 300° C., e.g. anthracene 
oil, and with 5 -15 %  of a vegetable oil and 5 -15 %  of a suitable filler— lampblack or 
kieselguhr— added (quantities based on final composition boforo thinning). Tho final 
paint contains 30—15% of coal-tar naphtha, to which is added a small percentage of 
crude pyridine bases, unless already present in the thinner. C. L. G.

1027. Activation of Pyrethrins by Sesame Oil. E . A . Parkin and A . A . Green. Nature,
1.7.44, 154, 16.— The effect of lubricating oil and other adjuvants to pyrethrins in 
increasing the kill on mosquitos (Aedes aegypti) described by David and Bracey 
(Nature, 1944, 153, 594) (see Abs. No. 915) has been examined in tests on house 
flies carried out in an 18 cu. ft. capacity chamber. It  was found that the addition of 
0-5% of a sesame oil, oleic acid, medicinal paraffin, or lubricating oil to a 0-05%  
pyrothrin solution in kerosine had no effect on the kill, while 0-5%  of other sesame 
oils gave considerable increases. The former products were shown to reduce the rate 
of knockdown, and the latter to increase it, thus showing that activation, as far as 
kills on house-flies is concerned, does not depend on reducing the rate of knockdown. 
The addition of 0-05%  sesamin gives a very large increase in toxicity, and this com­
pound is considered to be mainly responsible for the increased kill given by sorpe 
samples of sesame oil, although desesaminized sesame oil still shows some adjuvant
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activity. Tho inactivo sesame oil was found to contain only 0 '3%  of sesame as com­
pared with tho normal figure of 1% , but as this oil actually reduced kill and knock­
down, secondary factors must also play a part in determining the effect of sosamo oil 
on pyrethrin sprays. C. L. G.

1028. Patent on Special Products. Standard Oil Development Co. E.P. 557,291, 
15.11.43. Appl. 28.4.42. A process is described for tho production of substantially 
pure aromatic hydrocarbons, such as benzono, toluene, mixed xylenes, etc., from 
certain types of hydrocarbon oils generally in tho gasoline range and containing at 
least 30%  of olefins. H . B. M.

Detonation and Engines.

1029. Motion Analysis by Means of High Speed Photography. H . D. Jackes. J. Soc. 
aut. Engrs, 1944, 52 (1), 49-53.— The author stresses tho advantages of high-speed 
photography in tho analysis of the operation of moving parts of engines in comparison 
with stroboscopic devices and singlo or multiplo flash still pictures. Film records 
obtainod, when projected at normal speed, give a magnification of 150 times.

Many subjects which lead themselves to this form of motion analysis aro discussed 
and photographs taken at high speed aro produced. C. H . S.

1030.* Fuel Consumption of Diesel Engines. W . F. Scliaphorst. Petrol. Engr, 
March 1944, 15 (6), 98.— A table has been prepared showing tho fuel consumption 
in lb. per h.p. hr. of efficient modem diesel engines of varying h.p. when operated at 
full load. To enable an estimate of consumption, based on per cent, of full load at 
which tho engine installed may bo expected to oporato normally, another tablo shows 
increase in fuel consumption which may bo normally expected at percentages of full 
load ranging from 25 to 100%. R . A . E.

1031.* Servicing Fuel-Injection Nozzles. P. H. Schweitzer. Oil Gas J., 30.3.44, 
42 (47), 97.— The causes of nozzle troublo in diesel engines aro briefly discussed, and 
recommendations made for its prevention and for tho testing, diagnosing, correction, 
and cleaning of nozzles, tho freeing of stuck needles, and tho reassembling of tho 
injectors. C. L. G.

Coal and Shale.

1032. Shale Oil. Anon. Chem. Tr. J., 30.6.44, 114 (2980), 674.— Foreign Commerce 
Weekly (U.S.) of 17th February gives a roviow of tho shale-oil industries in tho main 
producing areas, with figures for production and yield of products. In Scotland 
there aro botween 480 and 884 million tons of recoverable oil slialo, but mining and 
development are difficult and expensivo. There aro six plants in operation, handling 
5000 tons of shale daily, yielding 18-45%  of crude oil. 15%  of tho product yield is 
scrubber naphtha, whilo tho remaining 85%  consists of somo naphtha, kerosine, 
gasoil, light lubricating oil, diesel fuel, wax, fuel oil, and coko.

The Esthonian deposits yield on tho average 15-30%  of crudo oil, though somo 
give 53-67% , the 1939 production being 1,260,000 brl. of crudo oil from 1,650,000 
tons of shale. In 1943 it was hoped to produce 1,274,000 brl. from the shalo. Tho 
gasoline is stated to bo of high specific gravity and anti-knock valuo.

The Swedish shale produces only 5 -7 %  of oil, but is located at convenient centres, 
and much of it is in 30-ft. seams accessible by open cut mining. Tho shale residues 
can be utilized almost completely. A  new process has been devised for tho direct 
extraction of oil from shalo beds by electrical heating, but requires very large amounts 
of electricity. Production in 1943 of crude oil was probably about 567,000 brl.

In Manchuria, the shalo overlies coal which is mined by tho open-pit method, and 
thus has to be removed, so that tho cost of mining the shale is charged against the 
mining of coal. The yield of oil is low, about 6% , the 1937 production being stated 
to be 966,000 brl., but it was hoped to increase production up to 3,500,000 brl.

In the Soviet Union it was plaimed to produce 4,000,000 tons of shale in 1942 in 
the Leningrad Oblast and Volga areas. Other shalo deposits aro found in Nova 
Scotia, Quebec, and New Brunswick in Canada, in Brazil, France, New South Wales,
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while extensive deposits, ostimated at 400,000 million tons, from which 100,000 
million brl. of oil might bo obtained, exist in tho U.S., the richest deposits boing in 
tho Green River formation in Colorado, Utah and Wyoming. From these, G0-80 
gallons of oil por ton of shale can bo obtained. Among tho by-products from shale oil 
are phenols, occurring to the extont of 1% , and nitrogen basos including pyridine.

C. L. G.

1033. Tar Products as Building Materials. G. H . Fuidgo. Chem. Tr. J., 7.7.44, 
115 (2981), 5.— In a paper recently presented to tho Association of Coko-0 von Managers 
in Sheffield, developments in tho replacement of bitumen by tar in paints, roofing 
felts, floor and roof mastics, and cable compounds were discussed. B.S. 1070 covers 
two tar-baso paints which will give effective protection of iron and steel exposed to 
weather or immersed in water, if tho metal surface is properly prepared and tho paint 
carefully applied. A  seven-year life can be expectod from a two-coat application, 
but the tar-base paint should not bo applied over a fresh oil paint or a coating of oil 
paint subsequently applied. For pipe dipping a rofined tar of 20° C. E .V.T., heated 
to 300° F., is used. For roofing felt saturants, tho use of tar is confined to tho sanded 
folts (with blown bitumen a sand finish is unnecessary). For laminated felt roofing,
B.S. 989 specified a 40° C. melting-point pitch as tho saturant and a 50° C. melting- 
point pitch as tho adliesivo. Pitch felt is also used for damp-proof courses (B.S. 
1067) and for damp-proofing of basement and water-proofing of basement and brick 
static wator-tanks. Mastics from 60° C. melting-point pitch containing coarso fillers 
and stono aro boing used to an increasing oxtent for oil-resistant floorings (B.S. 1093). 
Their use in roofing mastics, for which fino fillers are required, is being investigated. 
Other uses for pitch and tar includo battory sealing and cable compounds, though for 
the latter purposes a specially rofined product is required to avoid fuming troubles 
in hot applications. C. L. G.
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B O O K  R E V I E W .

Emulsionen für die Metallbearbeitung (Part 1). By H . Stager and H . Kunzler.
The choice of an emulsion for any particular typo of work has till now been 

mainly a result of practical experience. Tho authors havo tried through extensive 
experiments to givo some satisfactory indications of how theoretical considerations 
may bo applied to this choice.

In an introductory discussion it is pointed out that the two properties of cooling 
and lubrication, fundamental to all liquids used in metal-working, cannot be con­
sidered oxcept as interdependent. The effect of cooling is to increase the maximum 
velocity at which the metal can be worked. Lubrication is not so easily measured, 
and in this connection the opposing tendencies of the liquid to spread over tho surface 
(“ Benetzungsfähigkeit” ) and to collect and run off in droplets (“ Abtropffähig­
keit ” ) are mentioned and the lack of suitable methods of measuromont indicated.

The structure of emulsions and tho effect of stabilizors are discussed from the 
physical chemical standpoint in tho light of recent work. Tho authors consider 
that too little attention has as yet been paid to tho intorfacial forces involved in the 
use of emulsions, and havo investigated this aspect of tho mattor, among others.

Experiments wore carried out on tho stability of various emulsions, which were 
heated for varying lengths of timo. Tho stabilities and rates of separation were 
then studied. Horo some interesting micro-photograplis of emulsions and inter­
faces are given. Practical tests of stability in different types of work at varying 
concentrations were also made. It was found that the stability of an emulsion 
decreased with increase in temperature.

Extensive work on the corrosive effects of emulsions is also described, after a 
review of recent developments in the theory of corrosion. The importance of the 
nature, i.e., degree of smoothness, of the metallic surfaco is emphasized. A  com­
plete range of surfaces was employed, using samples of pig iron and of modium 
hard carbon steel. An interesting series of photographs shows the degree of cor­
rosion after 24 hours, and demonstrates tho increase of corrosion with dilution of 
the emulsion and roughness of the surfaco. With increasing concentration tho 
action diminishes until finally even the roughest surfaces are immune. Tho authors 
conclude that the concentration of an emulsion must bo chosen to suit the grado 
of surface it is required to produce. Examples are given of cases in which the 
authors successfully substituted suitable emulsions for more expensive fatty oils 
or mineral fatty oil mixtures, e.g. steel scrow manufacturo using the automatic latho, 
thread cutting in nickel-chrome steel, tooth-cutting in carbon steel.

W . H . T h o m a s .

B O O K S  R E C E I V E D .

Iron and Steel Institute, Journal. Vol. 148, No. 2. Proceedings, I P  to 732 P. Survey 
of Literature, 1 i  to 206 A . Iron and Stool Institute, 4, Grosvenor Gardens, 
London, S .W .l.

B.S.S. No. 1168 :1944. Non-Reinforced Diamond Dies for Wire Drawing. Pp. 1«.
British Standards Institution, 28, Victoria Street, London, S .W .l. Price 2s. not.
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A u g u s t  1944

PERSONAL NOTES.

Dr. Gustav Egloff (Member of Council), director of research of 
Universal Oil Products Company, and President of the American 
Institute of Chemists, has received the degree of Doctor of Science, 
honoris causa, at the commencement exercises of tho Philadelphia 
College of Pharmacy and Science.

Dr. Egloff was selected for this honour “  in recognition of his out­
standing services in the great field of chemistry, notably in the 
petroleum industry.”

Mr. T. H. G. Brayfield (Fellow) has written from the Stanley 
Civilian Internment Camp, Hongkong, to say that he and his 
colleague, Mr. A . W . Black (Fellow) are both well.

Mr. H . G. Shatwell (Member) has been appointed to the post of 
Professor of Industrial Chemistry, King Fuad 1st University, Cairo, 
and will be leaving the country as soon as the travel ban is lifted.

Mr. C. E . Keep (Fellow) is visiting this country from India.

ARTH UR W . EASTLAKE, 
ASH LEY CARTER.

Joint Honorary Secretaries.
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Kent Controllers, air-operated, hydraulic or 

electrica l, as may be required.

These controllers are extensively employed 
for the control of flow, pressure, tempera­
ture, pH, liquid level, flow ratio, specific 
gravity and for the automatic control of 
boilers.

They embody the Kent standard of work­
manship and design.

Kindly mention this Journal when communicating with Advertisers.
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HADFIF-LDS L T P - S H E F F I E L D .

EAST H ECLA W O RK S
SH EFFIELD

C A S T  S T E E L  T U B E  S U P P O R T S  MADE IN  
HADFIELDS HEAT-RESISTING STEEL

FOR T H E  D O W N D RA FT E Q U IF L U X  RESIDIUM  
H E A T E R S  A T  A L A R G E  O I L  P L A N T

METERS for OIL, PETROL
AND OTHER PETROLEUM PRODUCTS

AS UNIVERSALLY 
INSTALLED

W RITE FOR 
PARTICULARS
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W ORTHINGTON-SIMPSON
P U M P S  FOR PIPE LINE  
a n d  REFINERY SERVICE

Worthington-Simpson have had long Experience in 
designing and building special pumps to suit this service.

Power driven or Direct Acting Steam Driven Pumps for Crude 
Oil. Gas Oil, Heavy W ax Distillate and Reflux, Residue and 
Blending duties, for both Atmospheric and Vacuum operation. 
High Efficiency Centrifugal Pumps for highest pressures and

temperatures.
Rotary Gear Pumps with Double Helical Rotors.

Steam Jet Air Ejectors.
De-Waxing and Heat Exchange Auxiliaries.

W ORTHINGTON-SIMPSON LTD., NEWARK-ON-TRENT

Kindly mention this TAs/sc.34

A load off 
your mind!

An electric load can now 
be controlled with con­
tinuous adjustment from zero to full without resistances 
and independently of mains voltage fluctuations. This 
new “ Energy Regulator ”  principle is particularly recom­
mended for hot-plates, muffles, furnaces, drying rooms, 

etc., and our technical publication R. 10/3 gives 
you the details. Write to-day for a copy.

S U N V I C  C O N T R O L S  L IM ITED
STANHOPE HOUSE, KEAN ST., LONDON, W .C.2



FOSTER WHEELER
Ltd

ALDWYCH HOUSE, LONDON, W.C.2
Telephone : HOLBORN 2527-8-9
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Metallurgists have always been Important 
to engineers but now they are essential. ■

One of the major developments in engin­
eering is the use of high pressure steam 
with its accompanying high temperatures.

Normal steel is not suitable for operating 
at the extreme heat necessary, so the 
metallurgist has come to the aid of the 

has introduced a new type of 
non-creep properties.

W ith  this at our disposal we have been able 
to develop Newall Hi-tem bolts and studs.

In addition to their non-creep qualities, 
Newall Hi-tem bolts and studs have elastic 
properties of great importance for high 

work.

have threads which are not only ex­
tremely accurate but have other character­
istics necessary for such conditions.



St a n d a r d  M e t h o d s
FOR TESTING 

PETROLEUM AND ITS PRODUCTS
(FIFTH EDITION— 1944)

This new edition of “ Standard Methods ”  contains twenty-four 
new methods of test. New matter includes a low temperature 
filtration test for gas oils and diesel fuels, the Fraass breaking 
point test for Bitumen, and a method for determining the water 
tolerance of a motor fuel.
An innovation is the inclusion of a series of methods for testing 
bituminous emulsions and chemicals derived from petroleum.
The Sampling methods have been completely revised, and major 
alterations have been made in seventeen methods, including 
Acidity, Colour (Lovibond), Free Acid and Alkali in Grease, 
Oxidation of Lubricating Oils, and Reid Vapour Pressure.
Specifications for wartime hydrometers and thermometers are 
included, and the “  Appendix ” has been enlarged by the addition 
of a standard scheme for evaluating crude oils and a vapour 
pressure/temperature nomograph for hydrocarbons.

500 pages— 127 diagrams

Price 15s., post free 
(U.S.A. S3.00)

Published by

T H E  I N S T I T U T E  OF  P E T R O L E U M
26 PORTLAND PLACE, LONDON, W .l

Obtainable also from 

A M E R I C A N  S O C I E T Y  F O R  T E S T I N G  M A T E R I A L S

260 SO. BROAD STREET, PHILADELPHIA, PA., U.S.A.
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C R A I G

AS all our Departments are fully employed on 
work of national importance, we regret that for 

the present we are only in a position to deal, to a very 
limited extent, with our normal production of Oil 
Refining Plant.

We, however, have pleasure in informing our many 
old and valued customers that our technical staff is 
still with us, and we are keeping in close touch with 
our American Associates, T H E  W IN K L E R -K O C H  
E N G I N E E R I N G  C O M P A N Y ,  W I C H I T A ,  
U.S.A., on all matters of recent development touch­
ing the most modern Processes of Oil Refining.

On the termination of hostilities, we will be in the 
position to deal with all problems of development and 
reconstruction, on which clients desire to consult us.

A. F. C R A IG  & CO., LT D .
CALEDONIA ENGINEERING WORKS

London Office: 727, SALISBURY HOUSE, LONDON WALL, E.C.2

OIL REFINERIES

PAISLEY SCOTLAND

Telephone: Kelvin 4756
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The ‘ HARRISON 
PURGING M A C H IN E
gives a supply of Inert Gas consistent in 
quality and at low cost for the purging of 
Oil Stills, Tanks, Pipe Lines and Hydrogen 
Producers.
Inert Gas from these machines is also ex­
tensively used for blanketing Oil Storage 
Tanks and Vacuum Filters in solvent 
de-waxlng processes.
SA FER  & C H E A P E R  T H A N  STEAM

C O N N E R S V I L L E  
B L O W E R S
deliver a positive reliable and oil free 
supply of Air or Gas economically and 
efficiently. Absence of internal contact 
ensures long life, low maintenance and 
continuous operation over long periods.

Illustration shows a 
b a t c h  o f  B lo w e r s  
recently dispatched  
to an O il Refinery
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W A S H I N G
HoJIey M ott P lan ts are  

efficiently and continuously 

washing millions of gallons 

of Petroleum products daily. 

Designed for any capacity. 

May we submit schemes to 

suit your needs ?

T elegram s:
* T yphagitor, Fen, L on don .’ * 

T elep h on e: R oyal7371/2 .

Continuous Counter-Current Plant
W o rld -W id e  Licensees. H.IYl. CONTINUOUS PLANT 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.

D a n g e r o u s  G a s e s
I N  T H E  P E T R O L E U M  A N D  

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

A series of 16 Papers reprinted from the 
Journal o f the Institute of Petroleum 

June and July, 1939

176 pp . 27 Illustrations and D iagram s  
Cloth Bound

Is .  6d.
{including postage)

Obtainable from :

T H E  I N S T I T U T E  O F  P E T R O L E U M  
26, PO RTLAN D  PLACE, LO N D O N , W .l
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STREAMLINED 
H YD R O M ETER S

Sensitive, robust, instruments of modern design

Streamlined hydrometers are the modern de­

velopment of the old, two bulbed type. They 

settle rapidly to the mark, always float vertically, 

have no “ waist”  to trap air bubbles and are 

stronger than earlier designs.

They are available in three lengths, 6, 9 and 

12 in. and three ranges in each length, each 

instrument covering either 0.050, 0.100 or 

0.200 S.G. A wide range of Twaddell, Baumé,

Brix, Sikes’, B.S. Density Hydrometers, Institute 

of Petroleum Hydrometers, etc. can also be 

supplied.

c .A ».

Leaflet on application

L O N D O N  M A N C H E S T E R  G L A S G O W  E D IN G U R G H
K em ble St., W .C .2  19 C heetham  Hill R d., 4 45 R enfrew  St., C .2  7 T eviot Place, I

Established as Scientific Instrument M akers in 1826
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THE LO V IBO N D  T INTOM ETER
the colour of all | 
Oils

T. & A.S.T.M. Colour j 
Standards

LA B O R A T O R Y , SALISBURYTHE TIN TO M ETER  LT D ., TH

M E A S U R E M E N T  O F  O I L  IN  B U L K
(STANDARD W EIG H TS AND  MEASURES)

A  report on the Imperial. U.S.A. and Metric Fundamental 
Units of Weight and Measure, together with a Table of 
Recommended Contracted Ratios for the interrelation of 

units in general use in the petroleum industry.
Price 2s. 6d. post free

Obtainable from :
THE INSTITUTE OF PETROLEUM 
26, Portland Place, London, W . I.
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You can see round the bend
T H O U G H  S O M E  DETAILS may be lacking, th e  post  
war T ran sp ort  picture is n o w  fairly clear. For som e  
tim e to  c o m e  industrial and agricultural journeys will 
have p receden ce  and as part o f  national e c o n o m y  
‘ b u l k ’ handling o f  loads will apply w h e n e v e r  possible.  
For Petro leu m  and Fuel O il  that m eans— Road Tanks.

Barden Bridge, 
Wharfedale.
(one of the 
W . P. Butterfield 
series of Yorkshire 
Dales scenes)

R O A D  T A N K S
Fabricated according to specification in Mild
Steel, Stainless Steel and Aluminium. Single,
Double, or Triple Compartment Models up to

Head Office : fu// legal capacity.
S H I P L E Y ,  Y O R K S .
Telephone : Shipley 851. London : Africa House, Kingsway, W.C.2. And Branches.



MNTERIALS

STEIN
JOHN C.STEIN  i  CO .LTD. BONNYBRIDCE, SCOTLAND

O d  - J i r l d  

% trnoces
NETTLE (42/44%AI303) Fire­
brick is Highly Refractory 
(Seger Cone 34/35) and com­
bines Resistance to Spailing 
and Corrosion with Volume— 
Stability and Accuracy of 
Shape. Jointed with “ NETTLE”  
Refractory Cement, it is recom­
mended with confidence for 
Oil-Fired Furnace Linings.
In cases where exceptionally 
high temperatures are experi­
enced, we recommend “ STEIN 
S ILLIM ANITE”  (62/63% A 1 203) 
and where conditions are easier, 
“ T H I ST LE ”  (35/37%AI20 3) 
Firebrick.
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Welded 
Products
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T h e  Stabilog C o n tro l  system  has made  
possible th e  uniform control and stabilisation 
o f  entire  processes. It has been designed  
especially for  use on continuous processes  
in petro leu m  refining and will control the  
critical tem p eratu re ,-  pressure, f low  and 
liquid level applications with th e  highest 
precision.

Stabilog and o t h e r  F o x b o r o  products  are 
manufactured in o u r  factory at M erton ,  
England, fro m  which a c o m p le te  technical  
and engineering service  is available to  
refinery engineers.

FOXBORQ-YOXALL, LIMITED
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MAINTENANCE
OF YOUR

AUDCO 
VALVES

EVERY Audco user should have a copy of this Book, 
which not only shows how every Audco can be 

maintained in ever-dependable service, but also gives 
a complete list of the wide range of Audco lubricants 
produced for the widely varying chemical services on 
which the Valves are used.

If you have not a copy, please write us.

A U D L E Y  E N G IN E E R IN G  CO.  LTD 
N EW PO RT SHROPSHIRE ENG.
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