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INTRODUCTION

Knowledge of the phase relations of the fluids that exist in the
porous spaces of rocks constituting natural petroleum reservoirs and of
the behavior of these fluids under various field conditions of operation
ig essential to the conservation of petroleum and natural gas and to their
efficient recovery. The problem of determining whether these fluids are
in the liquid or gaseous state and of recognizing the transitions that
may take place as the material in the reservoir is subjected to different
conditions of pressure and temperature confronts many producers today,
especially in certain fields. The subject has grown rapidly in importance
since the discovery of amdproduction from deeper reservoirs that have
correspondingly higher pressures and temperatures as compared with shallower
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producing zones. In the shallower fields exploited in earlier years,
the phase relations of the hydrocarbons in the reservoirs and during
their travel from the reservoir to the surface were less essential
factors in operating technique than they are in the deeper fields now
being developed.

The tests described and data presented in this report are the
preliminary results of a study made by the Bureau of Mines of the phase
relations of the fluids in a deep high-pressure and high-temperature
reservoir from which gas and hydrocarbon liquid of light gravity were
produced. A study of well performance and liquid recovery at several
rates of fluid flow, together with analyses of samples taken under con-
ditions of steady flow, gave the essential data for this investigation.
The present study, although limited to one well in one field (designated
well M throughout this report), is a part of a major investigation of
the fluid-energy relationships and the producing characteristics of high-
pressure reservoirse This report has particular application to the
solution of problems pertaining to the operation of "combination! wells
of the type described.

Terminology suited to a discussion of phase relations in wells of
this type has not yet been developed by the industrye Terms commonly
used in referring to oil wells and gas wells of the usual type do not
meet all the needs for discussion of wells where gas and a light, volatile
hydrocarbon liquid are recovered together with a relatively high ratio
of gas to liquide The situation is complicated further because defini-
tions that may have been enunciated in efforts to classify wells on a
commercial or regulatory basis, under some conditions may fail to express
the purely technical viewpoint. '

The terms "distillate™ and "condensate" are being used more or less
generally by the industry in referring to the liquid produced from wells
of the type under discussion, and such wells frequently are called
"distillate" wells. However, well M is referred to as a "combination"
well, and as this report treats the subject purely on the technical side,
the term "hydrocarbon liquid" or, for brevity, "hc liquid" is used..
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DESCRIPTION OF WELL

Well M was completed in September 1936 in the Trinity formation of
lower Cretaceous age (east Texas-north Louisiagj»region) at a total depth
of 7,558 feet below the surface of the ground. Interpretations of data
provided by an electrical log of the formation exposed in the 206 feet of
open hole between the casing seat and the total depth of the well indicated
that the porosity of the formation varied somewhat and that possibly the
lower section of the zone was more productive than the upper sections The
pressure in the wellbore at a depth of 7,500 feet was assumed to represent
the mean pressure at the face of the productive zone open in the well.

The well was equipped with a string of 7-inch (0s de) casing set
at 7,352 feet, and 7,512 feet of 2 1/2~inch (i. d.) tubing. The wellhead
was equipped with a retractable tubing head. Views of the well and
separators and of the "Christmas tree" are shown in figures 1 and 2,
respectivelyes A diagrammatic sketch of the essential well and separator
connections is shown in figure 3.

H/ A1l ‘well depths in this report are referred to the level of the ground
surface as datume
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Figure 1.- Field view of wellhead and high- and low-pressure separators.

Figure 2.- Wellhead "Christmas tree."”
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FIEID TESTS

The study aof the producing characteristics of well M included two
shut-in pressure tests and four flow tests. Ratios of gas to he liquid
were determined under four rates of fluid recovery, ranging from a
minimum of about 4£ barrels of recovered he liquid and 1,650,000 cubic
feet of gas (test 2) to a maximum of about 2£8.5 barrels of recovered
he liquid and 9,105,000 cubic feet of gas per 24 hours (test 5). The
imposed operating conditions involved changes in the pressure at the
face of the productive zone in the well ranging from 3,177 pounds per
square inch gage, while the well was shut in, to an operating pressure
of 2,381 pounds per square inech gage, when it was flowing at the maximum
delivery rate.

Samples of the fluid in the well and of the gas and liquid phases
of the fluid in the high-pressure separator were taken during flow tests
2 and 3.

Shut-In Pressure Tests

The first shut-in pressure test (test 1) was made September 25,
1937, after the well had been closed-in for approximately 26 hours.
Pressure and temperature gradients in the tubing were determined by
lowering the pressure and temperature recording gagss by stages from the
lubricator on the wellhead to the lower end of the tubing. The second
shut-in pressure test (test €) was made on October 10 after a closed-in
period of about 26 1/2 hours following the completion of the flow tests.
Pressure and temperature data gaged during the shut-in tests are given
in table 1 under tests 1 and 6, respectively., The pressure gradients
established in the tubing by the shut-in pressure tests arec shown
graphically in figure 4.

Flow Tests and Sampling Conditions

Deliveries from the well were controlled by means of positive well-
head chokes installed for the tests. The rate of fluid delivery and the
well pressures were allowed to stabilize with no subsequent adjustment
of the well-control devices except during test 2, when it was necessary
to shut the well in for about 20 minutes to adjust the regulator between
the high- and low-pressure separators.

The fluid produced {rom the well was discharged into a high-pressure
separator. The liquid phase of the fluid was discharged from the high-
pressure separator to the stock tanks, as indicated in figure 3. Gas
discharged from the high-pressure separator was delivered into a low-
pressure separator. Gas deliveries from the low-pressure separator were
metered and discharged into a pipe line, Liquid that accumulated in the
low-pressure separator was discharged into the stock tanks. The course
of the fluid through the separators is shown by figure 3.
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Data observed and recorded throughout the flow tests included hc
liquid, water, and gas delivery; casinghead, tubinghead, high-pressure
and low-pressure separator pressures, and the pressure on the meter used
to measure gas deliveries from the well. Temperatures of the fluid up
and down stream from the wellhead choke and in the high— and low-pressure
separators were observed at intervals throughout the flow tests. The.
temperature of the gas phase of the fluid produced from the well was
determined at a point downstream from the gas meter.

Gas recoveries from the well were measured by an orifice meter
installed on the discharge line from the low-pressure separator. Gas—
delivery rates were calculated from orifice~meter data in accordance with
the method approved by the American Gas "Associa.ti'on,il and the values
reported were corrected to base conditions of 1u4.4 pounds per square
inch absolute and 600 F. The data for tests 2, 3, 4, and 5 were plotted
against time in figures 5, 6, 7, and 8, respectively. Gas deliveries
are shown as the average rate over periods of 1 hour, except for short
periods when rapid changes made it desirable to indicate variations in
the rate as they occurred. Rates of total liquid (he liquid and water)
and of he~liquid recovery were calculated from data obtained by gaging
the increase in level of the liquids in the stock tanks from time to
time throughout the tests. Hydrocarbon liquid~recovery date represent
the average rate of delivery during the intervals between the times
when the tanks were gagede Hydrocarbon-liquid and water—recovery data -
were corrected to a base temperature of 60° F. Casinghead, tubinghead,
and separator pressure data are based on the average value of the respec~
tive pressures over l-hour periods. Temperatures represent average -
values for l-hour periods. Atmospheric-temperature data represent con—
ditions recorded by an unshaded thermometer.

The respective flow tests are described briefly as follows:
Test 2

Test 2, the initial flow test, was begun on September 28. Fluid
was produced from the casing and the delivery rate was controlled by a
3/16<inch positive choke. After a stabilization period of about 23
hours, pressures on the high— and low-pressure separators were about
260 and 250 pounds per square inch gage, respectively. The corresponding
temperatures of the fluids in the high-pressure and low-pressure separators
were about 41° F. and 38° F., respectively. All the liquid was being’
recovered in the high-pressure separator, and no liquid was accumulating
in the low-pressure séparator, through which was passed the gaseous phase
of the fluid discharged from the high—pressure separator. 'Since it was
desired to obtain samples of the gas and liquid phases of the fluid from
the high-pressure separator under relatively high pressure, an experiment
was conducted to determine, approximately, the maximum pressure that

5/ Gas Measurement Committee Report No. 2, Natural Gas Department,
American Gas Association, 420 Lexington Ave., New York, N. Y.,
May 6, 1935.
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might be malntained on the hlghrpressure separator with no resultant de-
crease in the liquid recovery theérein and no formation .of liquid in the
low-pressure separator. First, the-pressures were ‘adjusted so that the
pressures on the high~ and 1ow~pressure ‘separators were. 490 and 2H3 pounds
per square inch gage, respectivelys - Torresponding temperatures were 50°F.
on the high-pressure separator and HloF.von the lowupressure separator,
Under these conditions, no liguid accumilated in the low-pressure separator.
The pressure on the high-pressuré separator then was increased and main—
tained at about 950 pounds per square inch gagee The pressure on the low—
pressure separator remained about 2M3 pounds per. square inch gage, and

the corresponding temperatures on the high— and low-pressure separators
were 620 and 360F., respectively. Under these conditions, liquid accumulated
in. the low—pressure separator at the rate of about 3.5 barrels per ou
hours. On the following day (September 30) the pressure on the high~
pressure separator was increased from the normal operating pressure of
about. 260 pounds per square inch gage and maintained for about three hours
at about 755 pounds per square inch gage.

A summary of the results of the experimént are shown in the following
tabulation, which, in addition to the data obtained under the pressure
conditions descr1bed also includes the results obtained when a pressure
of about 520 pounds per square inch gage was maintained on the high-
pressure separator for about 1 1/2 hours during the second flow test

test 3 D)

Experiment|Press., 1b. per sqe in.gage | Temperature, OF, He 1liquid, re-

High~ Low- High~ Low covery in low-
pressure |pressure pressure |pressure |pressure separ—
separator |separator separator |separator|ator, bblse

per 24 hours.
1 (test 2) Lgo 2l3 50 0.0
2 ( do..) 950 2&3 62 36 3¢5
3 (. do. ) 755 ) 62 0 1.6
L (test 3) 520 255 70 0

Subsurface pressures and temperatures in the well were gaged on
October 1 after a stabilization period of about 73 hours. The gaged pres—
sure and temperature data and corresponding rates of hc liquid and gas
recovery, as well as separator pressure and temperature data are given
under test 2, table 1. The pressure gradient in the tubing is shown in
figure H, and pressures and temperatures in the tubing at a depth of
7,500 feet are shown in figure 5.

On the following day (October 2), after a stabilization period of
about 98 hours, four attempts were made to obtain a sample of the liquid
phase of the hydrocarbon fluid in the well. The sampling depth in the
tubing was about 6,700 feet. Only one sample was obtained. On the
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following day, as indicated on figure 5, another unsuccessful attempt
was made to get a sample of the fluid. As shown by the casinghead and
tubinghead pressure data plotted on figure 5, there was little change in
these pressures between the time the subsurface pressure was gaged on
October 1 and the tlme the subsurface sample was taken on October 2. It
was assumed, therefore, that pressure conditions in the well when the
subsurface sample was taken were approximately the same as those that
obtained on the preceding day, when the pressure gradient in the tubing
showed that the pressure in the tubing at a depth of 6,700 feet was
epproximately 2,823 pounds per square inch gage (see test 2, fige ).

There was no difference between the corresponding values of the
casinghead and tubinghead pressures (see fig. 5), probably due to leakage
of gas between the tubing and the annular space between the tubing and
casing, resulting from the improper seating of the retractable section of
the tubing. Thus, wellhead pressures on the tubing and casing tended
to equalize under the conditions that prevailed during test 2.

Test 3

The second flow test (test 3) was begun on October 3. Fluid was
produced from the tubing, and the delivery rate was controlled by a 1 /b
inch positive choke. After a stabilization period of about 3 hours, the
pressurse on the high~pressure separator was increased from the normal
operating pressure of about 280 pounds per square inch gage and maintained
at about 520 pounds per square inch gage for about 1 1/2 hours. No
liquid accumulated in the low-pressure separator under these operating
conditions. Corresponding pressure data on the low—pressure separator
and temperatures on the respéctive separators are described in the
tabulated data (p. &) given in the discussion of the experiment to
determine the maximum pressure at which the high~pressure separator might
be operated with no resultant formation of liquid in the low-pressure
separator.

Duplicate samples of the liquid and gas phases were taken from the
high-pressure separator on October 5 after a stabilization period of
about 49 hours. Rates of recovery of the respective fluid phases, well
pressures, and temperatures were relatively c"ca,ble before and during the
sampling period (see fig. 6).

Subsurface pressures and temperatures were gaged in the tubing on-
the following day (October 6) after a stabilizavion period of about 73
hourse The subsurface data are given under test 3 in table 1, and the
pressure gradient in the tubing is shown graphically in figure 4, Pressures
and temperatures in the tubing at a depth of 7,500 feet are shown on
figure 6. Corresponding fluid—-recovery rates and well-head pressures were
changed only slightly from those that prevailed on the preceding day, when
the samples of fluid were taken from the separator. Therefore, it is
believed that subsurface pressures at the time the fluid samples were taken
from the separator were approximately the same as those gaged on October 6.
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Tests 4 and 5

Test 4, the third flow test, was begun on October 6 and was com-
pleted on October & after a stablllzatlon period of about 43 hours. The
fluid was produced from the casing, and the rate of delivery was con-
trolled by a 5/16—1nch choke. Subsurface pressures and temperatures in
the tubing were gaged after a stabilization period of about 26 hours.
Test 5, the fourth flow test, was begun on October & and completed on
October 9 after a stabiliza tlon period of about 27 hours. Fluid was
produced from the casing and the rate of delivery was controlled by a
1/2-inch choke. Subsurface pressures in the tubing were gaged after a
stabilization period of about 25 hours.

Recovery data, wellhead and separator pressureg and temperatures,
and subsurface pressures gaged at a depth of 7,500 feet, that were re-
corded during tests U and 5, are shown in figures 7 and 8. Subsurface
pressure and temperature data and corresponding fluid recovery and sur-
face~pressure and temperature data are given in table l. The pressure
gradients in the tubing during the respective tests are shown graphically
in figure U.

Results of Flow Tests

Rates of recovery of the gas and liquid phases of the fluid produced
from the well, and pressure and temperature conditions in the well and
surface recovery system were more nearly stabilized during test 3 than
they were during tests 2, 4, and 5.

Graphs are plotted in figures 5, 6, 7, and & to show "smoothed"
ratios of gas to hc liquid for tests 2, 3, 4, and 5, respectively. There
was little change in the trends of the curves showing these ratios during
the latter parts of tests 3, 4, and 5, although rates of total fluid
recovery were not constant throughout tests 3 and 4 and changed con—
siderably during test He

The graphs showing the behavior of the relationship of the gas
and liquid phases of the fluid recovered throughout the flow tests shown
in figures 5, 6, 7, and 8 were plotted by smoothing plotted data based
on the average of the rates of gas and hc liquid recovery for corres—
ponding time periods, as illustrated in figure 7.

Values of cumulative hc liquid and gas recoveriew throughout test
3 were plotted against time, as shown by figure 9. Data on ratios of
gas to hydrocarbon liquid based on rates of liquid and gas recovery
calculated from these graphs also are plotted against time on figure 9
Comparison of the graphs representing ratios of gas to hc liguid in
figures 9 and 6 shows that there was little discrepancy between the
results obtained by the respective methods used for "smoothing out"
these data.
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The results of the flow tests (see table 1) showed that the values
of the ratios of the rates of gas recovery to the rates of he liguid
recovery, under the conditions that obtained when the subsurface pressures
were gaged during the respective tests, ranged from 34,035 to 39,800
cubic feet of gas per barrel of hc liquide The range of pressures at
the face of the sand was from 3,105 to 2,38l pounds per square inch gage,
and rates of recovery ranged from 42 barrels of hc liquid and 1,650,000
cubic feet of gas per 24 hours to 228.5 barrels of hc liquid and
9,105,000 cubic feet of gas per 24 hours. It will be noted that the
data plotted on figure 5 show that the ratio of the gas to the hec liquid
recovered during test 2 decreased from the value of 39,300 cubic feet of
gas per barrel of hc liquid, under the conditions that prevailed during
a b-hour period that preceded the gaging of subsurface pressures, to a
value of about 35,900 cubic feet of gas per barrel of he liquid during a
period just preceding the completion of the teste Thus, under the con-
ditions that prevailed during the latter part of the tests, the ratios
of gas to hydrocarbon liquid corresponding to tests 2, 3, 4, and 5 were
35,900, 34,035, 35,400, and 39,800 cubic feet of gas per barrel of hc
liquid, respectivelye. Although the ratio of gas to hc liquid for test
5 was somewhat greater than the average of the values of the ratios
corresponding to tests 2, 3, and 4 that prevailed during periods just
before the tests were completed, no attempt has been made to draw any
conclusions from this difference, because flow conditions were less
stabilized during test 5 than during the preceding tests 2, 3, and 4,

Comparison of the ratios of gas to hydrocarbon liquid that prevailed
during the more stabilized periods of the respective flow tests showed,
in general, that there was little. evidence of change in the relationship
between the rates of gas and he liquid recovery that sometimes characterizes
wells completed in reservoirs in which fluid exists in both gaseous and
liquid stateses Interpretations based on conditions observed during
tests 1, 2, and 6, however, suggested either that liquid was formed in
the well bore during test 2 or that possibly fluid from the reservoir
entered the well in both the gaseous and liquid statese The data obtained
in making shut-in pressure tests 1 and 6 showed that probably there was
no liquid in the tubing at a depth of 7,500 feet (approximately 58 feet
above the bottom of the well) under the conditions existing when the tests
were mades It is reasonable to assume, also, that during that period
when the well was shut in no liquid was present in the annular space
above that level. Leakage that permitted the pressures on the tubing
and annular space tdo equalize at the wellhead (a condition to which
previous reference has been made) would have permitted a column of liquid,
if present in the well bore, to be present at the seme level in the tubing.

Wellhead pressures throughout a period of about 72 hours after test
2 was begun indicated that liquid was accumulating in the well bore (see
fig. 5), and subsurface pressures gaged about 72 hours after the start of
the test (see fig. U4) showed that the level of the liquid in the tubing
was about 1,830 feet above the bottom of the well and that the column
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probably was composed of about 400 feet of water and about 1,230 feet

of hydrocarbon liquid. Subsurface data showed that the pressure due

to the liquid in the well was equivalent to about 28.6 pounds per square
inch per 100 feet of ligquid at a pressure of 2,831 pounds per square
inch gage and a temperature of 220° F,, respectively. The calculated
value of the specific gravity of the liguid under these pressure and
temperature conditions was 0.660.

The rate of liquid recovery had a generally increasing trend
throughout the test. Separator pressures were relatively constant, ex-
cept for short periods when the pressure on the high~pressure separator
was increased for experimental purposes. Temperatures of the flowing
fluid at the wellhead were relatively constant throughout the teste.

The averages of the separator pressures were somewhat higher during the
latter period of the test than they were during the early periode. Con-
ditions during the latter period apparently were no more favorable for
increased liquid recovery in the surface-recovery system than they were
during the early period. However, the rate of liquid recovery was
materially greater when well pressures indicated that liquid no longer
was accumulating in the well than when the pressures indicated that
liguid was collecting in the well bore. The indicated accumulation of
liquid in the well bore suggests either that some hydrocarbon liquid
entered the well with the gas or that the liquid present in the well
was formed in the well under the existing pressures and temperatures,
which ranged from about 2,903 pounds per square inch gage and 2220 F.
at the productive zone to about 2,215 pounds per sguare inch gage and
110° F. at the wellhead.

PHYSICOCHEMICAL INVESTIGATION OF FLUID-PHASE RELATIONS

Objectives

The primary purpose of the physicochemical investigation was to
determine the phase relations of the fluid in the reservoir. The
analytical and physical identification of a liquid phase, if one existed,
and the evaluation on a component basis of the vapor phase in equilibrium
with it determined the emphasis in procedure. Measurement of physical
properties of the reservoir vapor phase and, to a .degree, the yield of
liquid at the surface will be possible by additional laboratory study.

Theory of surface sampling for evaluation of reservoir fluid properties

If samples of liquid and gas could be taken from the separator at
a well flowing steadily from an "ideal" reservoir, remixed in the pro-
portions of the measured ratio of gas to hydrocarbon ligquid, and brought
to solution equilibrium at formation temperature and pressure, the re-
sultant phases would be identical in composition and properties with the
corresponding phases in the reservoir at formation pressure and temperature.
A well is considered to be flowing steadily when the mass—time rate of
production of each component has reached a constant value; and, for the
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purposes of the hypothesis, a reservoir is considered ideal when it is
of such extent or nature that formation pressure and temperature do not
change in the time required for the rate of fluid flow to reach the
steady state after mechanical adgustments at the well are made.

The continuous change in comp051t10n and properties. of the phases
along the path of flow from the remote sections of the reservoir, where
static formation pressure obtalns, to the sand face and up the flow
string to the separator does not restrict the hypothe31s. It is sufficient
that at every point along this path of steady flow the pressure and
temperature have fixed values and there is no accumulation or diminution
in the mass of a component present. In thé over-all view, with steady
flow and an ideal reservoir, all material entering the separator must
be withdrawn without fractionation from the homogenous reservoir phases
which are in equlllbrium at the static formation pressure and temperature.

In pracfxce, steady flow, as previously defined, usually is not
attainable and a reservoir can not fully satisfy the ideal requirementse
The hypothesis applies at a limit, however, which usually may be so
closely epproached that samples obtained will be dependable for use in
interpretation of reservoir phase relationse

Stabilization of the flowing well prior. to surface sampling

A flow rate was chosen such that with the high-pressure separator
operatlng at approximately 500 pounds per square inch, the temperature
of phase separation would be lower than atmospheric temperature. Under
these conditions, previous separator—pressure tests showed that a gas
sample would not form a condensate in the storage cylinders.

The field data taken in connection with the stabilization of the
selected flow rate have been reviewed in the previous discussion of test 3.
Figure 6 illustrates the data that served in the field as criteria of
flow stability. Production data for the separator—vapor phase and stock-—

tank liquidon & cumulative basis (see fig. 9) later were fitted with
empirical equations by the method of least squares to facilitate accurate
differentiation in the evaluation of the ratio of gas to hydrocarbon
liquide Although the ratio passed through a maximum in the forty-fifth
hour of the test, the ratio (34,205 cubic feet per barrel of hc liquid)
at the time the sample was taken was varying by less than 0.09 percent
per hour 5 hours later and was within 170 cubic feet per barrel of hc
liquid of the value attained on the foliowing daye It is believed that
indicated uncertainties as to flow stabilization will not be significant
in laboratory evaluation of reservoir phase properties.
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Sempling procedure

The arrangement of the separator gas-sampling equipment is shown
schematically in figure 10. A general idea of the actual size, shape,
and position with reference to the separator of the several pieces of
equipment may be gained from figure 1l. Standard cylinders of approximate-
ly 50 liters capacity each were arranged in a position that prevented
condensate from collecting in them without being discovered on purging.
During the sampling period, gas was admitted to the cylinders simultaneous—
ly at intervals until they were at full separator pressure.

The separator liquid-sampling equipment also is shown in figure 10.
As the separator was operating below atmospheric temperature, solid
carbon dioxi&e'was used to refrigerate the comnections from the separator
shell to the hand pump. A purging value, placed upstream from the pump
and kept open slightly during the sampling period, gave further assurance
against warming the liquid and loss of the digsolved gas. The sample
was obtained by displacing mercury from the 2-liter liquid sample re-
ceiver with separator fluid in the liquid phase under not less than 1,500
pounds per square inch maintained by the hydraulic pump. When 1 liter
of liquid had been transferred in this manner, the upper valve on the
receiver was closed and the pressure was relieved on the container by
withdrawing the remzining mercury.

Samples of stock-tank liquid were taken during the sampling period
in l-~gallon tinned cans.

The subsurface sample of the liquid-phase material was taken prior
to the time of surface sampling while the well was flowing through the
casing ‘at the rate of 42.1 barrels of liquid per day. The cample, taken
at a depth of 6,700 feet and approximately 700 feet below the liquid
level in the tubing, was free of water and had a saturation pressure
exceeding the tubing pressure at that point.

Procedure in the Laboratory
Preparation of samples for analysis

The specific volume of all liquid samples at reservoir temperature
and pressure was measured in the laboratory. Apparatus for measuring
specific volumes, as shown in figure 12, included a pycnometer for weighing
the sample and an expansion cell for determining the saturation pressure.
The stainless—steel pycnometer, weighing approximately 500 grams and
having a capacity of H0 cubic centimeters, was used for pressures up to
4,500 pounds per square inch. Diaphragm valves at each end of the
pycnometer, similar to the ones used by Sage and Laceyﬁ/, facilitated
complete drairage of mercury and assured positive closure.

§/ Sage, B. H., and Lacey, W. N., Phase Equilibrium in Hydrocarbon Systems.
Specific Heats of n-Butane and Propane: Ind. Engr. Chem., vol. 27,
Dec. 1935, p. 1Lg6.
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