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The Editor’s Point of View

marked by that which affords them a thrill of

satisfaction. With some it is the creation of
new things. In others there is a certain pride in de-
struction. Some enjoy building. Others get more satis-
faction from demolition.

It was our privilege not long since to be standing
in a group watching tests on a new material. The
object of the experiments was to show whether or
not the new substance was as satisfactory, when
compared to the old, as its discoverers had thought
and to ascertain the reasonable limitations in its use.
A man in our group remarked, “For my part, I get
far more satisfaction from learning how to use a
new material in the right way than I do from trying
to stop its introduction.” To the constructive mind
there is certainly a stimulating thrill in making a
thing go, notwithstanding the difficulties. In the
office of one of our successful and most often quoted
engineers there hangs a motto which goes something
like this: “If Columbus could have landed in mid-
ocean, America would: never have been discovered.”
It is a sentiment worthy of a place in every institution
where new things are being done and great dreams
dreamed.

SATISFACTION. The difference in men is often

SECRETS. The modern consolidation proc-

ess gives rise to a series of events that sooner
or later lead to new competition for the commercial
giants. The' very formation of the merger may dis-
place a number of men who are generally those thought
by the company to be either holding posts which
others in the organization can fill or are not so valuable
as men retained for the same work. The operation
of the large company may become such that the younger
men with ideas become restless, and decide that it is
not worth while to wait longer for their opportunity.
They feel the best procedure is to undertake a business
venture on their own responsibility. We must ex-
pect in any case that some of the men displaced or
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who leave on their own account for various reasons
will turn_to an industrial activity similar to that with
which they have been identified. Their knowledge,
strengthened by experience, has best fitted them for
just that sort of thing. Manufacturing chemistry
has become too highly specialized logically to expect
anylhing else to happen. The man undertakes an
activity in the field which he knows best.

If such an adventurer promises to be at all successful
his progress becomes a matter of concern to the large
company that prefers to dominate the field. If he
is unsuccessful it does not matter. If he shows any
signs of making his way, his achievements may be
sources of irritation and means must be found to stop
him. There is an old adage that there are several
ways of killing a cat besides choking it with butter.
But of late the favored method of disposing. of this
particular feline has been by way of the courts.

Few people appreciate how many ways there are
of hindering, embarrassing, and harassing another
through court procedures. A defendant can be put
to the most unreasonable trouble by outlandish charges.
Although on the face of them they may be foolish,
the plaintiff, if he is so disposed, can cause no end of
trouble and expense. To receive a legal notice issued
on behalf of some strong concern is calculated to ter-
rorize the defendant, while the very existence of the
suit is expected to hamper his business, frighten
his customers, and thus weaken him financially to
the point where he may surrender without a court
struggle.. A favorite charge seems to be the unlawful
use of knowledge and experience gained while in the
service of the plaintiff and the divulgence of secret
information.

There is certainly a distinction between knowledge
and experience and secret trade information. The
latter should not be disclosed or used under any ac-
ceptable standard of ethics. But an employer should
in all fairness recognize that knowledge and experience
are the stock in trade of the professional and techni-
cal man and steps which would prevent its use would
be equivalent to depriving him of his right to make
a living and take advantage of his opportunities. We
hold no brief for those who capitalize the secret proc-
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esses and other information of a former employer.
A man must be careful to distinguish between this
property and his own intellectual property. It would
be disastrous to the whole profession if the courts
should fail likewise to make such careful distinction.
If a man is not to be allowed to capitalize his knowl-
edge and experience, then upon entering the employ
of a company he would become essentially bound for
life or required at some future time, when the connec-
tion might be severed, completely to.alter his course
and with great disadvantage to himself begin a new
career at some time in life when this would be most
difficult.

It would be easy for injustice to be done alike to
the employer and the former employee, but it is most
important that these questions be settled with ex-
treme fairness to all. There are cases now in the
courts which because of this point should be watched
with care by the chemical profession. A single decision
can be momentous in its effects.

NDEX TO INTERNATIONAL CRITICAL
TABLES. We have been concerned with In-
ternational Critical Tables for very nearly the

entire life of the project. We recognize the short-
comings of the seven volumes; we know that, now its
pioneering work has been completed, a second effort
would yield a far more acceptable research tool; and
we also know what a stupendous piece of work it has
been. Individuals whose only acquaintance with the
tables has come from their use can have no adequate
conception of the thousands of man-hours that have
been put into the compilation, into the critical selection
of material after original sources have been combed,
and into the process of preparing the copy and seeing
it through the press. Literally hundreds of thousands
of dollars have been involved. The net result has
been a notable addition to the implements with which
scientists can attack their work.

Experience has shown that the index supplied, while
comparable with that which has accompanied other
less pretentious works, is inadequate and without
sufficient detail. The trustees, having a few thousand
dollars from unexpended royalties in hand, now pro-
pose to use that money, together with receipts from
its sale, to prepare and distribute a very thorough
index. At one time it was hoped that such an index
might be published and distributed without obliga-
tion to the subscribers, but a close analysis clearly
showed that more money would be required. It was
finally decided to ask the present owners of the volumes
if they would be willing to pay four dollars as a maxi-
mum for an adequate index of the dictionary type.

We are very gratified to report that considerably
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more than the minimum number specified have placed
their orders for the index and that the work of prepa-
ration will proceed without delay. Because of changes
of address and other circumstances, nearly one hundred
of these letters have been returned as undeliverable.
If you were a subscriber to these volumes and have
not received a communication about the index, per-
haps you are one of those whose letters went astray.
In that case you should, if interested, communicate
with the National Research Council, 2101 Constitu-
tion Avenue, Washington, D. C. Self-interest would
indicate the wisdom of placing an order without de-
lay. The larger the number of indexes ordered, the
smaller promises to be the ultimate cost, and in any
case it will not exceed four dollars. This is a very
small sum to add to the investment already made,
and its very addition will increase the value of the
total investment quite out of proportion to this further
sum. Sets without the index will suffer by compari-
son.

Users generally, whether owners or not, will be de-
lighted with this news, and we have every reason to
believe that the addition of the index will serve to
make the volumes enormously useful and to break
down practically every barrier which thus far has
been found to interfere with their use as a handy
reference and veritable storehouse of information.

TTENDANCE. We occasionally find chemists
who have difficulty in arranging their schedules
so as to attend meetings of local sections of

the Sociery. Once home from the laboratory and
plant, it is difficult for them to journey down town,
little realizing how much they miss in the contact
with their fellows and in the discussion of scientific
problems. The man who lives nearest his work is
the one most often tardy. Consider by way of con-
trast the January meeting of the Florida Section held
at Panama City. There were twenty-one chemists
and members of the section in attendance who did
not live at Panama City. These twenty-one people
traveled an average of 559 miles per person, or a total
of 11,736 miles to make this meeting. Two members
held the records, one making a round trip of 1766
miles, and the other 1406 miles to meet with their
fellow chemists.

While these figures convey some idea of the size
of the state, they are more important as indicative
of interest in local section meetings. Comparable
distances are traveled by members elsewhere. Such
enthusiasm should shame some of our friends who
live in populous centers within a few minutes of a
meeting, but who never seem to have time to make
an appearance.
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Measurement of the Flow of Gases and
Vapors

Barnerr F. Dopge, Chemical Engineering Department, Yale University, New Haven, Conn.

from the very start that the

result of a gas measure-
ment is desired in terms of a
volume at some standard con-
dition or in terms of weight if
a vapor is being measured.
There is no one standard condi-
tion that has been agreed upon.
Perhaps the most widely used
standard to which gas volume
is referred is 60° F., 30 inches
of mercury (at 32° F.) absolute
pressure, and complete satura-
tion with water vapor.

IT IS well to bear in mind

The steadily growing demand by indusiry
for more precise control of processes has greally
stimulaled the study of methods of measurement
and control and has resulted in many improve-
ments in apparatus and lechnic. It is the
purpose of this paper to review some of the modern
methods for conlinuously measuring and re-
cording gas flow which are in extensive use in
industry. The term ‘“‘gas” will be understood
lo include condensable vapors, such as steam,
but the discussion will refer more specifically
lo gases that are not condensed al ordinary

factory to meet this wide
variety of conditions. Hence,
one finds several different types
of meters in commercial use
and many variations of a given
general type.

There are two fundamental
elements in all gas meters:
(1) the primary element which
is inserted into the gas stream
and is acted upon by, or exerts
an influence on, the flow;
and (2) a secondary element or
device for registering either
the rate of flow or the total

The conditions encountered almospheric conditions.

in the measurement of gas flow

are many and varied. The volume of flow may vary from a
few thousand cubic feet per hour or even less, to several
million cubic feet. The velocity of flow and the pressure,
temperature, and composition of the gases to be metered
may show great differences. Some gases may be readily
condensable or contain condensable components, they may
contain solid or liquid particles in suspension, or they may
contain corrosive constituents or sulfur compounds, ete.
The flow may be quite steady or it may fluctuate over wide
limits, and the period of the fluctuations may be quite differ-
ent from one case to another. The temperature, pressure
or composition of the gas being measured by a given meter
will usually not be constant. There are difficulties introduced
by pulsations or by flow disturbances owing to proximity
of the meter to fittings in the line. In some cases a high
degree of accuracy is essential, and in others a very moderate
degree of accuracy is all that is needed. It may be important
that the metering device does not offer appreciable obstruc-
tion to the flow, or a considerable loss in pressure may be
readily permissible. These are just a few of the problems
encountered by the flow-meter manufacturer. It is to be
expected that no one type of meter will be entirely satis-

flow. The classification given
below is based entirely on the
first element.

1. Differential pressure meters (also called head meters or

kinetic meters)
a. Orifice c. Pitot tube
b. Venturi d. Shunt meter

2. Volumetric or volume-displacement meters
a. Wet drum-type rotary meters
b. 1])?izaphm.gm or bellows type
c. otary t,
d. Gas hlg,ldzgeor meter provers
3. Calorimetric or thermal meters
a. Thomas meter
4. Current or windmill type meters
a. Turbine meters b.
5. Miscellaneous Methods
a. Dilution b. Pressure receiver )

Anemometers

Area meters

The common feature of all the meters in class 1 (excluding
d for the moment) is the measurement of two pressures whose
difference is related to the velocity of flow. Thus, they di-
rectly measure rate of flow rather than total quantity. In
the case of la and 1b, a constriction is inserted in the flow
line which produces a momentary increase in the average
velocity of flow with a consequent decrease in static pressure.
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The differential pressure or, in the case of the orifice, the
difference between the static pressure just ahead of the orifice
and that just after the orfice is related to the rate of flow.
In the case of the Pitot tube, two pressure-measuring ele-
ments are inserted into the stream of fluid, and the differential
pressure is the difference between the so-called impact or
kinetic pressure exerted on an open-
ing whose plane is perpendicular to
the direction of flow and the ordi-
nary static pressure. The Pitot dif-
ferential is related, not to the average
flow in the pipe, but to the velocity
at a particular point. The shunt
meter is a rather special type of
differential-pressure meter and will be
treated separately.

In the volumetric meters, compart-
ments of definite volume are al-
ternately filled with and emptied of
batches or isolated volumes of gas.
Therefore quantity rather than rate
of flow is directly measured. Type 2a,
though once of considerable importance, is now practically ob-
solete for large-scale measurement of gases and will not be dis-
cussed. Type 2d is used only for testing or calibrating other
types of meters and will receive very brief consideration.

The principle of the thermal meters is very simple, con-
sisting merely in adding heat to the gas stream; the resulting
increase in temperature is a measure of the flow if the rate of
adding heat is constant. Conversely, the temperature rise
may be maintained at a constant value, in which case the
amount of energy dissipated to the gas stream is a measure of
the flow. The latter scheme is used in the Thomas meter,
the only representative of this class of meters that is used
commercially.

In the current meters, a fan
wheel or turbine is inserted into
the gas stream, and its speed
or rotation is related to the
velocity of gas flow. Small
meters of this class, known as
anemometers, are useful for
test purposes; but the prin-
ciple has not been successfully applied to the continuous meas-
urement of large volumes of gas.

The methods in class 5 are not regularly used in metering
large volumes, but are mentioned for the sake of complete-
ness and because they are sometimes very useful for special
cases. In 5a, a foreign gas is added to the gas stream to
be metered and, after complete mixing has occurred, a sample
is taken for analysis. From the content of foreign gas and
its known rate of addition, the rate of flow of the main gas
stream is readily calculated. As far as the author is aware,
this method has not been applied to the commercial metering
of gases. It has proved quite useful for test and experimental
purposes. To cite one example, it has been applied on a large
scale to determine the volumetric efficiency of blast-furnace
blowing engines. It has also been used for the calibration
of other flow meters, notably steam meters.

Type 5b consists simply in determining the pressure in-
crease of a constant-volume receiver as gas is pumped into it.
It is useful in testing compressors. Type 5c consists of a
movable element suspended in the gas stream, the motion of
which causes the area through which the gas must flow
to vary. «The element will take up an equilibrium posi-
tion such that its weight is balanced by the differential
pressure across the constricted area. Meters of this type
have been used to measure the compre&qed—mr consumption
of drills and other: pneumatic tools. : ,

Courtesy of Brown
Instrument Co.

Ficurel. THIN
PraTe OriFicE

Courtuu of Bailey Meter Co.
Ficure 2. Frow NozzLe

INDUSTRIAL AND ENGINEERING CHEMISTRY

Vol. 24, No. 3

TrHE ORrIFICE METER

Because of its wide range of application and its many
advantages this meter is the most generally used and therefore
most important of all the gas-measuring devices, and conse-
quently will be discussed in greater detail than any other
type. Several types of orifice may be used; but the con-
centric, circular, sharp-edged orifice in a thin plate is the most
important, and practically all of the subsequent discussion
refers specifically to this type, which will be called the
“standard” type. A typical orifice plate of this type is shown
in Figure 1. Another type of orifice, usually called a flow
nozzle, is shown in Figure 2. Such a nozzle costs more than
the standard orifice, especially in the larger sizes, and is used
only in exceptional circumstances. Practically its only
advantage over the standard type is the approximately 40
per cent greater flow capacity for a given pressure differential.
Orifices shaped like the segment of a circle (segmental orifice),
or circular orifices installed eccentrically in the pipe have some
special applications to be mentioned later.

50H—{HH

40— HHHHFMS-HHHHH

30 HHHHH

20 HH

Courtesy of Bailey Meter Co..
. Ficure 3 DIAGRAM OF AcTION OF AN ORIFICE

The oriﬁce plate may be of various metals, usually monel,
bronze, nickel, or stainless steel, and is generally from 1/ °
to 1/1s inch thick. In the large sizes where the plate must
be thicker to secure the necessary rigidity or because of a
large differential pressure, it is chamfered on the downstream
side -to leave a thin edge. It goes without saying that the
orifice must be very accurately machined to a definite size.
It is usually installed in the line between flanges, care being
used to secure a reasonably accurate centering. The differ-
ential pressure is obtained by pressure taps suitably located
one on either side:of the orifice plate.
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The action of an orifice on the flow conditions in the pipe
may best be discussed with reference to Figure 3 which
shows the variation in fluid pressure along a pipe line con-
taining a standard orifice. (This particular diagram is for
water flow, but conditions are entirely similar for the case of a
gas.) At approximately 1 pipe diameter (it is convenient
to use this unit because it enables many results to be ex-

B

Courtesy of Foxboro Co.
Ficure 4. MEercury-FiLLep DIFFER-
ENTIAL GAGE

pressed in a form that is nearly independent of pipe size)
above the orifice, the pressure is substantially constant for a
small change in tap location. It rises sharply to a maximum
as the orifice is approached and then drops abruptly as the
orifice is passed. The pressure continues to drop for a short
distance below the orifice and then gradually rises to a new
constant value at about 4 diameters downstream, which is dis-
tinctly less than the constant value above the orifice. The
point of minimum pressure has been shown to coincide
with the point at which the stream of fluid issuing from the
orifice contracts to a minimum diameter (the so-called Vena
Contracta). The exact shape of the static-pressure curve
depends on many factors, but the general outline is the same
for all fluids and practically all conditions of flow. The
extent to which the pressure returns to the value above the
orifice is mainly a function of the ratio of the diameter of
the orifice to that of the pipe. When this ratio is 0.40, the
percentage loss in pressure is about 80 per cent, and, when
it is 0.70 (about the upper limit for a standard orifice in good
practice), it is 50 per cent. :

QuanTiTATIVE RELATIONSHIPS. The starting point for
the development of all fluid-flow equations is the Bernoulli
theorem which is a special case of the first law of energy.
The general formula for gaseous flow through an orifice
is based on the assumption of reversible (frictionless) adia-
batic flow. The details of this development may be se-
cured by consulting some of the sources given in the bibli-
ography at the end of this article. For practically all the
cases that occur in practice in the measurement of large
volumes of gas, the pressure differential across the orifice is a
relatively small percentage of the absolute static pressure.
For this special case, where the fluid may be considered to be
incompressible, the general formula is very much simplified
in that it reduces to the simple hydraulic formula:
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Vu —u? = cV/2gAh 1)
where u; = av. linear velocity of fluid in pipe just above orifice
uy = av. linear velocity of jet issuing from orifice
g = acceleration of gravity
Ah = differential pressure around orifice expressed in head
of fluid flowing
¢ = an empirical coefficient

This is essentially an empirical equation, and its use de-
pends on the experimental evaluation of the constant, e,
under a wide variety of conditions. When a consistent set
of units is used, ¢ is remarkably constant at a value around
0.60 for a wide variety of conditions. Thus it has practically
the same value whether the fluid be a gas, steam, water, or
oil. The value of ¢ does depend, however, on the location
of the pressure taps, and may be quite a little different
from the value given above for certain locations that are used
in practice.

By eliminating %, in terms of 7 and s, where r = ratio of

orifice diameter to pipe diameter or %, and u, in terms of V,,
the volume flowing per unit of time under the orifice con-
ditions, and substituting i—:’ for Ah, where Ap = differential

pressure and p, = density of the gas at the orifice condi-
tions, Equation 1 is transformed into:

d*/ 2gAp\/T
Vi e A el 1 2
ot 41 —7r* Npo @

Since the pressure of the gas and hence its density are different
on the two sides of the orifice, the value of ¢ will depend to
some extent on whether upstream, downstream, or average
conditions are chosen for Vg and p,. The choice is a purely
arbitrary one and not of very great practical importance
when the differential is small, but for the sake of definiteness
upstream conditions will be taken as standard. In much of
the flow-meter literature, another coefficient, ¢/, which =

\/——lc—-—;’ is used. The difference is significant when r is

greater than 0.35, which includes most of the actual cases.

It is probable that ¢ depends somewhat on r and on the
properties of the fluid, but the effects are small and not yet
very definitely known. Recent careful measurements by
various experimenters, using air, water, and steam, indicate

A
that ¢ approaches a value of 0.597 as r decreases and =B

(the fractional drop in pressure) decreases. At large values
of r (0.8 for example) ¢ is of the order of 0.62. Increase in

r results in a decrease in ¢ when the rate of flow is expressed

as a standard volume; but, if the mean density instead of
the upstream density is used, c is practically constant for a
wide variation in %P-
conditions, its value is appreciably affected if the pressure
drop is as much as 5 per cent of the static pressure, whereas
the ¢ based on mean conditions is affected to about the same
extent by a 50 per cent pressure drop.

To put Equation 2 in a directly useful form, ¥V, must be
transformed to the volume at the desired standard condition
and p, must be expressed in terms of the pressure, tempera-
ture, and composition of the gas. No general relationship
applying to all cases is available, since it depends on the
properties of the particular fluid concerned under the given
conditions. Fortunately, the ideal gas laws can be assumed
without serious error for the great majority of cases.. This
furnishes a relatively simple solution of the problem that is
applicable to all gases and vapors which may be considered
ideal.

Thus when ¢ is based on upstream
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Applying the gas laws, one obtains

i@ e

where V, = volume ﬂomng at standard conditions
2o = volume fraction or mole fraction of water vapor
at orifice condition

abe. temp. at orifice = tp + 459.6° .

z, = mole fraction water vapor for saturation at standard
condition
P, = abs. pressure at upstream tap = Pg + B where
Pg = gage pressure and B = barometric pressure
P, = abs. standard pressure
1h = abs. standard temp. = t, + 459.6° .
Also, from the gas law,
_ PoM, ;
D vy 5

where £ = gas constant
M, = mol. weight of gas at orifice conditions which =
Mp(l — x) + 18 2o, where Mp = mol. weight of
dry gas

Making these subst.itutions in Equation 2, there results:

1= xo ) Pe + B
T ¢ ;
b e, ( \/M.,(t., T

5)
where C stands for Wd—\/_ﬁ_—g
4/1 —7rt
Having chosen the units and the standard conditions,
and having determined what the average upstream orifice
conditions will be, all the terms on the right-hand side of the

equation are fixed except v/Ap. Therefore,
Vi = CaV Ap (6)

(' is an orifice coefficient which would be furnished by the
meter manufacturer. Knowing the average value of the
square root of the differential pressure, the standard yolume
is readily obtained by a single multiplication.

The meter will be used under average conditions which
are not necessarily the same as those for which the coefficient
was figured. Thus if z/, P¢’, B’, M/, and P, are the
actual average conditions of the gas just above the orifice,
and V.’ is the corrected volume for these conditions, then, by
writing Equation 5 for the two cases and dividing, one obtains

ViV, 1—xo)‘JPa'+B'\/M° \}to+4596 @
& 1'—':% PG+B a‘[o lu +4596

or V! =Vii X Xi Xfu (8)

The V. computed from the value of the coefficient and the

average of the v/Ap by Equation 6 can be corrected by
multipliers for variations from the conditions on the basis
of which the coefficient was computed. The factor fi, to
correct for moisture, is frequently omitted because it may
generally be neglected and is difficult to determine. The
factor f3 also involves the moisture content in any rigorous
treatment. Here also the moisture is usually neglected and

\/ My 1s frequently used in the form \/ -g%, where S = spe-

cific gravity of the dry gas at some standard condition of
pressure and temperature referred to dry air at the same
condition.

In those cases where the value of Py (the absolute pressure
of the gas at the orifice) varies widely, it is generally more
satisfactory to retain P as a variable and transform Equation
5 to
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V. = C:s V/PoAp (9
and Equation 8 then becomes

Vil = Vi X i X fa X Ju (10)

It is practically impossible to test gas meters under the
conditions of use, and hence the standard procedure for
calibration is to compute the coefficients (C; or C3) from the
known values of ¢ with the aid of the equations given above
or similar ones. The average rate of flow is then computed
from the average of the observed or recorded values of Ap or
Py Ap as the case may be. (It should be noted that strictly
the average square roots should be used and not the square
root of the average. The difference will not be great if the
variations are small.) The corrected volume is then com-
puted by Equation 10, the values of the correction factors
being obtained from tables or charts supplied by the meter
manufacturers.

The magnitude of the corrections involved, due to de-
parture from the assumed conditions for which the coefficient
was computed, may be readily estimated from Equation 7.
A numerical illustration may serve to make this clear. Sup-
pose that the assumed conditions for calculation of an orifice
coefficient and the actual average flow conditions were as
follows:

AssuMED CoNpITIONS AcTUAL CoNDITIONS
Composition of gas (dry basis) 75% H:and 25% N2 78% Hzand 22% N2

Dew point, ° F. 70 50
Gage pressure, | Ib. per 8q. in.
Temperature, ° F. 80 70
Barometer, 1b. per sq. in.

At 50° I. the vapor pressure of water = 0.178 pound per square

inch,and at 70° F.it equals 0.363. Therefore, 4 —%8) =0.01098;

o = 0.0234; M, = 0.9766 (0.75 X 2.016 4 0.25 X 28.00) +
0.0234 X 18 = 8.732; M, = 7.844; f; = 1.011; f. = 1.0222;
f; B 1.054; and f; = 1.009.

Substituting in Equation 8, V,’ = 1.10 V.

Therefore, a neglect to correct for these rather slight
changes in condition would result in a 10 per cent error.
Generally, the correction factors will not all be greater or
less than unity, as the case may be, but will compensate
somewhat. On the other hand, there are other cases where
the variation from the assumed average conditions will
result in much greater error than in the illustration given.

Steam meters may sometimes be checked in place by
collecting and weighing or determining the volume of the
condensate, but this is only in exceptional cases. In the
case of meters operating on saturated steam, there is the
additional correction necessary for priming which amounts
to about 1 per cent for each 1 per cent of priming.

Location oF PreEssure Taps. There are three different
locations of taps that are in common use. Location of the
upstream tap 2.5 pipe diameters from the orifice, and the
downstream one 8.0 diameters away is commonly used in the
natural-gas industry, but is otherwise rarely employed.
In this case the differential pressure is the over-all loss in
pressure due to the orifice acting as an obstruction in the line.
The differential produced by a given flow is naturally less
than for the closer tap locations. This loeation requires a
greater run of straight pipe but has the advantage that the
taps do not need to be very accurately located, since the
pressure changes very slowly on either side of these points.
The most widely used location is at approximately 1 diameter
upstream, and at the Vena Contracta on the downstream
side. This gives very nearly the maximum differential;
and, since the Vena Contracta is a minimum point, the change
in pressure with a slight change in location will be the least
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as compared with any of the adjacent locations. Consider-
able experimental work has been carried out to locate the
minimum point for a wide variety of conditions. The
published data indicate that its location is nearly constant
at 0.5 diameter. The meter manufacturers publish tables
giving their recommended location of the taps for each size
of pipe and value of r (ratio of diameters). Another location

BELL——_
o
(S)
DISPLACER —— HY)
MERCURY ——1=
MINERAL SEAL OIL—~4 . =7 =

/9 2A. |

Courtesy of Bailey Meter Co.
FiGure 5. O1L-SEALED GAGE FOR SMALL
DIFFERENTIAL PRESSURES

commonly used is to drill into the flanges themselves so that
the centers of the holes are approximately 1 inch from the
nearer face of the orifice plate. Some firms supply special
flanges with the taps already in them for use with their
orifices. Recent work of the Bureau of Standards on orifice
coefficients shows that there is no appreciable difference be-
tween the two last-mentioned locations when the pressure
differential is small and the diameter ratio does not exceed 0.7.

INDICATING, RECORDING, AND INTEGRATING THE FLOW.
The differential pressure around an orifice is measured in
terms of a fluid head by a differential gage, which may be an
ordinary U-tube manometer, and the observed head is an
indication of the instantaneous rate of flow. For commercial
purposes it is generally necessary to know the total flow over
a given period and is very desirable to have a time record
of the rate of flow. By a suitable mechanism the differential
pressure can be made to move a pen over a chart driven by
clockwork so that a curve of the change of Ap with time is
traced. It is also possible to integrate continuously the
instantaneous rates to obtain the total flow. Various in-
genious methods for accomplishing these ends have been
developed, but it will be possible to describe only someé of
them here in barest outline. In all cases there is a differential
gage which is essentially a U-tube filled with a fluid, usually
mereury or a mineral oil. The mechanism which is acted
upon by the differential may be purely mechanical or it may
involve electrical circuits.

Figure 4 shows one form of the mechanical type of differential
gage. The motion of the mercury in the U-tube is transmitted
to the pen arm by the float and segment lever mechanism,
and the pen traces a differential pressure line on the circular
chart. Since the static pressure may vary considerably and since
it has been shown that a knowledge of the average stafic pressure
18 necessary to compute the flow, a static pressure-recording

mechanism is usually combined with the differential gage SO

that both pressures are recorded on the same chart.

Another differential gage of the mechanical type is shown
in Figure 5.
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This gage consists of an oil-sealed hell and a displacer attached
to the bell which dips into mercury. The high-pressure tap
from the orifice is connected to the space inside the Lell, and the
low-pressure tap to that outside the bell. A differential pressure
thus causes the floating bell and displacer to rise until the pres-
sure is balanced by the change in buoyancy. The motion of the
bell is communicated by a lever arm and shaft to the pen arm.
This particular gage will operate on a very small differential
which is frequently necessary in measuring gases. The differ-
ential required for maximum flow is only 2 inches of water.
It has another special feature in that the motion is proportional
to the square root of the differential rather than directly pro-
portional, as is the case for the gage shown in Figure 4. This
special motion is accomplished by the displacer which is so
shaped that the change of the buoyant force acting on it is
proportional to the square of the linear travel. This means that
the travel will be proportional to the square root of the differ-
ential or proportional to the rate of flow. The advantage of
this lies in the fact that the chart may have a linear scale and
vet read directly in volume of flow units. The temperature
and the pressure changes can easily be recorded on t{;e same
chart, an(i) the integration of the rate curve is said to be somewhat
simpler than if a non-linear scale is used. With the gage shown
in Iligure 4 the chart would have a linear scale if it recorded
differential pressure, but, if it recorded rate of flow, it would
have a square-root scale.

1

2
Low-pressure connection -4 High-pressure connection

Low-pressuré High-pressure

chamber chamber
Scale {8
Contact { 3
chamber 4% 4
: fss

Mercury U tube

Mercury U tube
| — (high-pressure leg)

(low-pressure leg) ~~.]

Gas j |- Gas

Courtesy of Republic Flow Meters Co.

FiGure 6. DirrEReENTIAL GAGE OF AN ErLEctRic TYPE OF
OriricE METER

The total flow may be readily obtained from the charts
with the aid of planimeters. If it is assumed that the chart
is a time record of the differential pressure and the static
pressure, then by means of an ordinary radial planimeter
the average values of p and Ap are obtained; and the products
of their square roots multiplied by the time and by a factor
(Equation 9) give the total flow for that period of time.
If p and Ap vary widely, a special planimeter which averages
square roots should be used because the flow is proportional
to average square roots and not to the square root of the
average. If the static pressure does not vary much, the
meter may be equipped with an automatic planimeter or
integrator which follows the variations in differential pressure
or rate of flow and records the total flow by a counter. What-
ever method is used to obtain the total flow, it is still subject
to the corrections already discussed, owing to variations of
pressure, temperature, humidity, and specific gravity.
This can be taken care of by multiplying factors obtained
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from charts or tables (Equation 10). It is interesting to
note that integrators aré on the market which are auto-
matically compensated for pressure change.

In Figure 6 there is shown the differential gage of an electric
type of meter.

The action of the differential pressure is to cause a rise of
mercury in the contact chamber shown at the top of the left
side of the U. The contact element or “‘scale’” consists of
ninety-one stainless steel rods connected to a series resistance
at various points. As the mercury rises and makes contact
with the rods, resistances are cut out of the circuit. The re-
sistances are so proportioned that the total resistance in the
circuit is ?roportiona. to the square root of the rise of mercury,
and therefore directly proportional to rate of flow. By impress-
ing a constant alternating-current voltage across the resistance
element, the current in the circuit will be proportional to flow,
and thus the flow indicator and flow recorder are similar to an
indicating and recording ammeter. The integrator which gives
the total flow is similar to a watt-hour meter. Suitable means
for maintaining constant voltage and compensating for variable

J

A x

Courtesy of Fozboro Co.
FiGure 8. TypicAL PIPING ARRANGEMENT FOR STEAM
METER

external resistance are incorporated in the meter. For very
small differentials, the motion of the mercury in the contact
chamber may be magnified by the use of a floating bell and a
displacer,

Another electrical type involving an interesting principle
is shown in a schematic way in Figure 7. .
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Courtesy of Brown Instrument Co. 3

D1FFERENTIAL PRESSURE GAGE UsiNGg Inpucrance Bripge PriNcipLE

There is the usual mercury U-tube, the variation in mercury
level operating a float to which is attached a magnetic armature.
The armature is contained in a nonmagnetic tube surroundin
which there is a divided inductance coil. This coil is connecte
to a source of alternating current and to exactly similar coils
in indicating and recording instruments. The motion of the
armature attached to the float causes a change in the ratio of
the voitage drops across the two coils, which causes changes in
the magnetic flux in coils located in the instruments, resulting
in unbalanced magnetic forces which are balanced by a motion
of armatures suspended in the instrument coils. The armatures
move to such a position that the voltage ratios across the two
sections of the divided coils will be equalized in all three sets of
coils. The motion of the armature is transmitted to a pointer
or a pen to indicate or record the flow. The motions of the
armatures in the instruments are proportional to that of the
armature attached to the float and therefore to the differential

ressure. For direct reading instruments, a square root scale
1s therefore necessary. The total flow is obtained in the same
way as in the case of the mechanically operated meters. The
particular gage shown in Figure 7 is for steam where the allow-
able differential pressure is generally much greater than for gases.
For small differentials of the order of a few inches of water,
the armature is moved by a floating bell.

The chief advantage of the electrical type of flow meter is
that it permits the locating of the instruments at practically
any distance desired from the point of measurement. A
large number of instruments can be conveniently located
in a central control room. With the mechanically operated
meters the remote location of the recorder is a more difficult
matter because the connection to the primary element is by
pipe lines which must be absolutely tight and free from any
pockets where liquids could collect which would cause a
false registering of the differential. On the other hand, the
mechanical types are entirely self-contained. Both types
can be obtained for a wide range of differential and of static
pressures. It should be noted that the differential gages of
any meter installation can be readily checked against known
differential pressures and readjusted or corrected for any
errors that may be found. In fact, a regular servicing of
the meters after they are installed is highly desirable and
practically necessary if they are to continue functioning with
good accuracy.

Notes oN Oririce InstarraTioN. The size of orifice to
use is readily calculated by Equation 2 when the average
flow conditions are known and the maximum differential
pressure has been decided upon. The maximum differential
pressure may be limited to a few inches of water for gases
that are flowing at pressures only slightly above that of the
atmosphere. For steam or gases at pressures well above
atmospherie, the allowable differential pressure is determined
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more by the requirements of the differential gage to be used
than by anything connected with the flow. In the measure-
ment of very large flows, the cost of power necessary to force
the gas through the orifice may be a factor in determining
the size. It is inadvisable to have the orifice diameter
greater than 0.7 of the pipe diameter for a concentric orifice
because at high values of this ratio, extreme accuracy in
centering is required, because the pipe diameter must be
known more accurately, and because roughness of the plpe
surface has more effect on the results.

Courtesy of Republic Flow Meters Co.
Ficure 9.

USE OF STRAIGHTENING
VANES

It is desirable to locate the orifice in a vertical line because
there is less chance of solids or liquids settling from the gas
and accumulating behind the orifice plate and disturbing
the flow conditions. If installed in a horizontal gas line,
the pressure taps should run from the top of the pipe and be
provided with drain cocks at low points. One large meter
company advocates the use of segmental orifices or circular
orifices installed eccentrically so that the bottom of the
orifice is flush with the bottom of the pipe for all horizontal
lines, to minimize the trouble from accumulations of foreign
‘material. As far as the author is aware, there are few
published data on the flow characteristics of such orifices.
They are said to be preferable to the concentric orifice where a
large ratio of orifice diameter to pipe diameter is necessary,
and they also throw the position of the Vena Contracta
further downstream from the orifice plate, which is sometimes
desirable.

When condensable vapors are to be measured, the two
pressure leads must be filled with the liquid condensate to
the same level so that the heads of liquid over the mercury
in the gage will be exactly equal in the two leads when no
flow is taking place, and will differ only by the amount
equal to the differential head of mercury when a flow is being
measured. Figure 8 shows a typical piping arrangement
for a steam meter.
condensers to aid in maintaining the water levels in the same
horizontal "plane when the flow is varying. The orifice
plate for a steam meter is also generally provided with a
small drain hole that is located at the bottom of the pipe
and allows liquid to pass through the plate instead of ac-
cumulating behind it.

In order that the standard values of the orifice coefficients
can be relied upon with an accuracy of a few per cent, it is
necessary that the orifice be at certain minimum distances
from any fittings which are apt to cause disturbances of the
flow. This is especially true on the upstream side. It is not
possxble to give any hard and fast rule to cover this point,
but in general the orifice should be not less than 10 to 15
pipe diameters from any fittings or obstructions on the
approach side, and at least 2 diameters on the downstream
side. Where the proper runs of straight pipe ahead of the
orifice cannot be obtained, straightening vanes (1"1gure 9)
are commonly installed. These are made in various forms,
but consist in general of a “honeycomb” of some sort whlch
eliminates the larger eddies or swirls.

Corrosive gases introduce special problems. The ma-
jority of the differential gages are constructed of steel and
contain mercury, and hence they would not be suitable
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for gases that attack these materials. The gages can be
sealed with liquids to prevent the gas from coming in direct
contact with the gage, but all gases are soluble in all ordinary
liquids and this does not completely prevent attack. The
use of absorbent chambers in the pressure lines can be used
in some cases. Thus, for gases containing hydrogen sulfide,
a purifier filled with an active iron oxide should be suitable.
If a flow indication without record is all that is needed, the
orifice installation is very much simplified, and various
special materials can be used to combat corrosion.
ADVANTAGES AND LiMiTATIONS OF ORriFICE METERS. The
orifice method has a very wide range of application. It can
be used for almost any rate of flow and for a wide variety
of pressures and temperatures. Orifices as large as 70 inches
in diameter have been made, and differential gages for
pressures as high as 5000 pounds per square inch are available.
The first cost is relatively low; and, as the size of the pipe
increases, the only part of the meter that increases is the
orifice, which is relatively inexpensive. There are no moving
parts in the line of flow, and chances of clogging from im-
purities in the gas are at a minimum. The only part to get
out of order is the differential gage, and that can be checked
without great difficulty. An orifice is simple to install and
requires little change in existing piping. The space occupied
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Courtesy of American Society of Mechanical Engineers
Ficure 10. Cross SeEctioN oF VENTURT METER

is small. A given installation can easily be changed to meter
different rates of flow merely by changing orifice plates.
It is portable and therefore available for test purposes, and
several orifices can be connected to one differential gage which
is sometimes useful for plant tests.

From the previous discussion of the factors affecting the
orifice meter, it should be evident that any figure cited as to

the accuracy of an orifice meter would have but little meaning.

Besides all the factors affecting the primary element, there are
sources of inaccuracy in the secondary element also that
must be included in any over-all estimate of the accuracy
of an orifice meter. When installed and operated under
ideal conditions and when all known precautions are taken
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and all corrections applied, the flow might be determined
with an accuracy of 1 per cent or better. Probably in the
majority of cases the accuracy is between 2 and 5 per cent,
and in many instances the error is probably greater than 5
per cent.

An orifice meter is not satisfactory where the rate of flow
varies over wide limits. Thus, from the orifice equation
it_can be seen that if the flow drops to one-fourth of its maxi-
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Courtesy of American Society of Mechanical Engineers
Figure 11. Prror Tuse

mum value, the differential pressure is only one-sixteenth of
its maximum, and the percentage accuracy of the measure-
ment has been very greatly reduced. A given installation
is, in general, only good for a flow range of 3 to 1 or 4 to 1.

VENTURI METERS AND Prror TUBES

VentTUrl. The primary element of a Venturi meter is the
Venturi tube shown in Figure 10. 2

Following the inlet flange, there is a short cylindrical section
of about the same inside diameter as the pipe, but accurately
machined so that the diameter may be accurately determined.
Surrounding this portion of the tube is an annular chamber or
piezometer ring which communicates with the inside of the tube
through several small ports, and to which is connected one of
the static pressure leads. Following this ring is a cone of about
21° total angle leading to a short cylindrical throat section also
accurately machined and provided with a series of holes opening
into another piezometer ring where the lower pressure lead is
connected. Following the throat section is a cone of 5-7° total
angle which terminates in the outlet flange. The diameter of
the throat section is generally one-half to one-fourth of that of
the entrance section.

The principle of the Venturi tube is the same as that of the
orifice, and the same equations apply. The variation of
pressure along the tube is well shown in Figure 10. The chief
difference from the orifice lies in the fact that the flow through
the Venturiis nearly frictionless and that there is no contrac-
tion of the jet of fluid to a smaller diameter than the throat
diameter, as oceurs in the orifice. As a result, the coefficient
(Equation 2) varies between 0.95 and 0.99 instead of the 0.60
value for a sharp-edged orifice. The shape of the exit tube
from the throat section is such that the static pressure lost
owing to the increase in velocity is nearly all regained so
that the over-all drop in pressure for a Venturi is quite small.
This is one advantage of the Venturi over the orifice, which
may be an important factor in some cases. Thus, if the
conditions of the installation were such that a permanent
pressure drop of 2 inches of water was all that could be
allowed, this would limit the maximum differential in the
case of an orifice to something between 2 and 3 inches of
water; and, if the flow varied much, the lower rates would
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not be measured very accurately. On the other hand, a
much higher differential for the same permanent loss in
pressure could be used with the Venturi, and it would be
accurate over a wider range. The secondary elements
of a Venturi meter installation (that is, the differential gage
and the methods for indicating, recording, and integrating
the flow) are the same as for the orifice.

The Venturi has a greater initial cost than the orifice
meter (especially in the larger sizes), is more difficult to in-
stall, is less easily changed to meter different flows, and is:
more likely to become clogged. For these reasons it is
seldom able to compete with the orifice for the measurement
of gaseous flow. Because of the accurate control of the
approach and recession from the throat, Venturi-meter
coefficients are probably more accurately reproducible than
orifice coefficients, but the difference is not great enough to
balance the obvious advantages of the orifice.

Prror Tuse. Instead of placing a constriction in the line
which produces a differential static pressure, the Pitot tube
consists merely of two pressure-measuring tubes, one of which
(the impact tube) measures the kinetic head of the fluid
and the other (the static tube) measures the static pressure.
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Ficure 12.

The difference between these two pressures is related to the
velocity of flow by the same types of equations already given
for the orifice, with the very important difference that in the
case of the Pitot the velocity meant is that at the particular
point in the pipe (usually the center) where the impact tube
is inserted, instead of the average velocity of the whole
stream. In order to use the Pitot tube to measure the rate
of volume flow, it is necessary either to explore the cross
section of the pipe to obtain an average velocity, or to
place the impact tube at the center of the pipe and rely
on previously determined data to give the ratio between the
average velocity and the maximum velocity at the center.
The first method is obviously out of the question for commereial
metering, and the second suffers from the disadvantage that
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the ratio u"‘ is not accurately known for a wide range of

conditions. The Pitot tube is also more sensitive to dis-
turbances of the flow than either of the other differential-
pressure methods. Furthermore, since the Pitot tube does
not produce any acceleration- of the flow, the differential
pressure produced is small except at high velocities of flow,

Courtesy of American Meter Co.

Ficure 13. BrrLows Type or Dis-
PLACEMENT METER

-and is difficult to measure accurately. Thus, air at atmos-
pheric pressure and 70° F., flowing at a velocity at 20 feet
per second, would produce a Pitot differential of only 0.14
inch of water. This could not be measured accurately by
the commercial types of differential gage now available.
With an orifice, the differential pressure can be brought
to any desired value merely by proper choice of orifice di-
ameter. For these reasons the Pitot tube has practically
no application to the commercial metering of gases. It is
very useful, however, as a portable instrument for test purposes
where high accuracy is not required. A convenient form of
tube for this service is one in which the two tubes are com-
bined, as shown in Figure 11. The coefficient for such a tube
is very clese to unity. The insertion in the pipe line is very
easily accomplished, provided the pressure is not far from
atmospheric. For higher pressures it would be better to use
separate tubes securely fastened through the pipe wall.
For low differential pressures some form of inclined or other
multiplying gage would be necessary.

SHUNT METER

In Figure 12 is shown a recently developed type of meter for
small installations, known as a shunt meter, which is a
true differential-pressure meter, but which differs radically
from the differential-pressure types previously discussed.

The primary and secondary devices are combined in a single
unit. A chord type of orifice in the main line of flow produces a
differential pressure which causes a flow through the nozzles
mnto the shunt circuit. The stream through the nozzles im-
pinges on a small turbine wheel whose speed of rotation is pro-

ortional to the square root of the differential head produced.

ince the flow rate is also proportional to the one-half power
of the differential head, the rotations of the turbine wheel are
proportional to the total flow. It is thus a true differential-
pressure meter, the shunt circuit and turbine being merely a
special device for translating differential pressure into total
ow. The rotating shaft is magnetically coupled to another
shaft operating a counter in an entirely separate compartment.
At the lower end of the turbine shaft is a fan wheel rotating in a
water-filled chamber. This serves to damp the motion of the
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turbine so that the speed of rotation is relatively low, reducing
wear on the bearings and also minimizing the relative importance
of bearing friction.

This meter is built in three sizes only, for 2-, 3- and 4-
inch lines. There are two ranges of differential pressure
used, one with 80 inches of water as the maximum, and the
other with a maximum of 20 inches of water. Its advantages
are that it is cheap and simple, easy to install, and entirely
self-contained. It can be used on larger than 4-inch lines
by installing it in a by-pass around a standard orifice. It
is applicable over a considerable range of pressures and
temperatures. It is claimed by the makers to have an
accuracy of =2 per cent over a 10 to 1 range of flow.
This refers to the accuracy obtained in calibration. Under
actual operating conditions it is subject to error due fo
variation in pressure, temperature, specific gravity, ete.,
from the conditions assumed in calibration, just as the other
differential-pressure meters are. As far as the author is
aware, there are no published scientific data on its per-
formance.

DisprLACEMENT METERS

DrararaGM Type.  The construction of this type of meter
may be seen from Figures 13 and 14,

The steel case of the meter is divided horizontally by a steel
table above which is located the valve and counting mechanism,
and below which is located the volumetric chambers. Below
this table the meter box is divided into two halves by a vertical
partition best seen in Figure 14. In each of the partitions

Courlesy of American Meter Co.

Ficure 14. DiAcraM oF OPERATION OF
Berrows Type oF METER

there is a leather bellows or diaphragm (8 in Figure 13) to which
is fastened the disk, 9-1. Thus there are formed four gas
chambers (FC, FD, BD, and BC in Figure 14), and the volume
of each can be increased or decreased by the motion of the dia-
phragm and disk. The inflow and outflow of gas from the
compartments are controlled by slide valves best seen in Figure 14.
The differential pressure across the meter causes the diaphragms
to move, alternately emptying and filling the chambers. The
motion of the diaphragm on one side of the partition operates
the series of cranks and levers which control the valves to the
No gas
can leave any chamber while gas is flowing into it, and thus a
definite volume is taken in and discharged on each stroke.

In Figure 14 the diaphragm on the left side is moving to the
right so that compartment FC is filling and FD is empting.
Tie other diaphragm is at the end of its stroke, DB being empty
and BC filled. As soon as the left-hand diaphragm reaches a
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certain point in its travel, the slide valve will move so as to permit
BC to discharge and BD to fill. Thus a cycle of changes occurs
quite similar to what oceursin a duplex direct-driven steam pump.

The meter illustrated here is suitable only for low pressures
and is built in sizes up to a maximum capacity of 17,500
cubic feet per hour. By placing the same metering mecha-
nism in a cast-iron case, pressures up to 250 pounds can be
measured at a maximum rating of about 90,000 cubic feet
(standard conditions) per hour.

These meters are used mainly for measuring the gas
supplied to consumers in a large gas-disttibution system.
They are relatively cheap and simple, and require a minimum
amount of attention. They will measure accurately any
rate_of flow from zero up to their maximum rated capacity.

The gas measured must be
clean, noncorrosive, and with-
T l out effect on the leather dia-
phragms. It mustnot deposit
: J any liquid which would stay
in the diaphragm compart-
ments and rot the leather bel-
g lows. The range of pressure
and temperature over which
these meters can be used is ob-
viously quite limited. The ac-
curacy will be affected by pres-
sure, temperature, and hu-
midity changes, but not by
changes in specific gravity due
to changes in composition.
’ They do not record the rate of
- flow, but only the total volume
of gas that has passed through
them. The pressure is the
chief variable affecting the ac-
curacy, and an instrument
known as a base pressure index
is available which, when at-
tached to the meter, automatically compensates for pressure
variation and gives the total volume corrected to the standard
pressure.

Rorary Type. Figure 15 shows a section through this
type of meter which is a development of the well-known
blowers and exhausters operating on the same principle,
the chief difference being in the bearings which have been
improved to reduce the friction to a minimum.

Courtesy of Roots-Connersville-
Wilbrakam Division of Inter-
national-Stacey Corp.
FicureE 15. SEcTION
THROUGH RoTary Dis-
PLACEMENT IVIETER

The two shafts carrying the rotating pistons turn in opposite
directions, and the cylinder and rotors are so proportioned and
accurately machined that all clearances are reduced to a very
small ﬁgure Gas pockets of definite volume are formed be-
tween the rotors and the cylinder walls; and, as the rotation
occurs, owing to the action of a pressure differential between
inlet and outlet, these pockets are alternately filled and emptied
of gas. Four of these compartments of definite volume are
filled and discharged on each complete revolution. Thus, the
number of revolutions is proportional to the total volume of gas
passed through, and the totalizing instrument is merely a revolu-
tion counter. The displacement can be accurately calculated
from the dimensions of the meter. The volume metered will be
slightly less than the displacement, owing to a leakage or “slip”
of gas from inlet to outlet through the small clearances between
the impellers and the cylinder. The amount of slip must be
determined by calibration of the meter against an absolute
standard, preferably at the normal rate of operation, since the
slip varies with the speed of rotation. Some published tests
on this type of meter show the slip to be of the order of 0.2-
0.3 ﬁer cent at rated capacity or practically negligible, but at
small flows the error due to slip becomes much greater, The
larger sizes are provided with a handwheel (Figure 16) to make a
check on the amount of slip. With the valve on the outlet line
closed, the handwheel is turned to operate the meter at such a
speed as to give the operating differential. The ratio of the
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r. p. m. under these conditions to the r. p. m. in normal operation
at the same differential is a measure of the slip. The slip is not
determined under the actual conditions of operation, but this
simple test furnishes a useful check on the functioning of the
meter. It is essential, if such a test is to be reliable, that the
valve on the outlet line be checked as to leakage.

As with any displacement meter, the standard volume is
obtained from the indicated volume by applying corrections
for changes in pressure, temperature, and humidity. Un-
like the orifice meter, a change in gas composition has no
effect on the reading. On the other hand, the pressure-
and temperature-correction factors occur as the first power of
the ratios of absolute pressure and absolute temperature
instead of as the one-half power. These meters are com-
monly equipped with a pressure-temperature-rate of flow
recorder, all three records appearing on one chart. From
this chart the average pressure and temperature for use in
correcting to standard condition are obtained.

The low-pressure meters have normal ratings ranging
from 6500 to 800,000 cubic feet per hour. They operate on a
very small differential—mamely, 0.5 to 1 inch of water at
normal rating. The first cost is greater than for the orifice
meter, but the displacement meter is probably capable of
somewhat greater accuracy, and the accuracy is maintained
over wider variations in rate of flow. Meters of this type
are available for higher pressures (up to 350 pounds), but
the cost is considerably increased. The upper limit of tem-
perature at which they can be used is about 250° F. They
cannot, of course, be used with corrosive gases, and the gas
should also be reasonably free from suspended matter.
They are self-contained and require no outside source of
power.

Referring to displacement meters in general, one of their
chief advantages is simplicity. There are no complicated
mechanisms or complex electrical circuits to get out of order.

Courtesy of Roots-Connersville-Wilbraham
Diviston of International-Stacey Corp.

Ficure 16. TEesTt oF RoTAry DiSPLACE-
MENT METER BY GAs HoLDER

There is almost nothing that can happen to this type of
meter that would not be at once evident, whereas a complex
mechanism might get out of adjustment and give inaccurate
results without any warning. It is more rugged and more
positive in its action than the differential-pressure or thermal
meters. A given meter is accurate over a wide range of
flows. They are not sensitive to flow disturbances due to
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fittings, and the flow may be intermittent, fluctuating, or
pulsating without seriously affecting the accuracy.

Gas Horpers or Merer Provers. This type of dis-
placement meter finds important application as a primary
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Courtesy of American Society of Mechanical Engineers
Ficure 17. Diacram or THOMAS METER

standard for the calibration of other types of meters. Thus,
most of the values of orifice coefficients for gases are based
on the gas holder as the absolute standard. There are two
general types similar to the two types of large holders used
for gas storage: (1) the liquid-sealed floating bell and (2)
the dry or piston type. In Figure 16 a 2800 cubic foot
piston type is shown set up for testing an 800,000 cubic
feet per hour rotary displacement meter. The average
diameter of the cylinder or the floating bell and the distance
of travel can be accurately measured, and the limiting factor
in the accuracy of such a prover is frequently the difficulty
of measuring accurately the average temperature of the gas
in it. In recent tests of large gas meters by the Bureau of
Standards, a water-sealed holder, 168 feet in diameter, was
used as the primary standard, and the results were considered
accurate to about 0.5 per cent.

THERMAL METERS

The simplest meter of this class is the hot-wire anemometer
which has been used for experimental work, but has never
been adapted for commercial metering. In principle it
consists of an electrially heated wire placed in the fluid
stream, the rate of heat transfer from which is dependent
upon the flow rate. If the voltage across the terminals
is maintained constant, the average temperature of the wire
will change as the flow rate changes; thus the resistance
and hence the current will likewise change. Either the
current or the resistance is related to the rate of flow and
may be used as a measure of it. There is, however, no
simple relationship between the rate of flow and the elec-
trical quantities measured which could be used to calibrate
such an instrument, and presumably it would have to be
calibrated against another flow method under the conditions
of use. This has probably been a very important factor in
preventing its development for commereial use.
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The only commercial representative of this class is the
Thomas meter, which is quite different in principle from the
hot-wire anemometer. It is essentially a calorimeter and
thus independent of rate of heat transfer. Three elements
are placed in the stream of fluid, two thermometers with a
heating element between = them - (Figure '17). Electrical
energy is supplied to the heating element (in theory various
means of supplying heat could be used, but electrical heating
is the only one actually utilized), and the heat dissipated
to the fluid results in an increase in temperature; The very °
simple quantitative relationship is given by the following
equation:

Q
Ve e vao
(tl I 12)Cp
where ¥V, = volume at standard condition
@ = quantity of energy added
(ti — ;) = temp. rise of gas stream
Cp = heat fca.pa.city at constant pressure of 1 standard
cu. ft,

If a constant input of energy to the heating element were
maintained, the difference between the readings of the two
thermometers would be inversely proportional to the rate of
flow, assuming C» is constant. On the other hand, if the
temperature difference were maintained constant, then the
energy input to the heating element would be directly pro-
portional to the flow. The second of these methods is the
one actually used, as it has very definite practical advantages
over the first one. In the first place, the integration to
obtain total flow is much simpler with the second method,
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Ficure 18. TreERMOMETER UnIT OF THOMAS
METER

because of the straight proportionality between flow and
energy input; whereas with the first method an inverse
relation exists. Further disadvantages of the first method
are that the heat losses are more variable, and time lag is a
more important factor owing to the wide variations in tem-
perature.

The thermometers, one of which is shown in Figure 18, consist
of a nickel resistance wire encased in a flexible lead-covered tube
which is wound back and forth in the circular frame. The two
resistance thermometers are connected in a Wheatstone bridge
circuit, and the variable resistance in the circuit is set so that
the galvanometer is at zero when the temperature difference
is 2° F. Any change in the rate of flow will tend to change this
2° difference, resulting in an unbalance of the bridge with a
consequent deflection of the galvanometer. By an ingenious
mechanism, a deflection of the galvanometer needle is caused
to operate a motor-driven rheostat which increases or decreases
the current to the heater (Figure 19) so as to restore the 2°
difference. The variation in watts supplied to the heater is a
measure of the rate of flow so that the rate-of-flow recorder is a
recording wattmeter. The total flow is obtained from a watt-
hour meter.

The Thomas meter is used mainly as a station meter in
large gas plants. It is built in thirteen sizes ranging from



272 INDUSTRIAL
25,000 to 2,000,000 cubic feet per hour. It is the only meter
which is not affected by pressure and temperature changes,
since it depends only on the heat capacity of the gas which
is practically independent of pressure and temperature over

Courtesy of Culler-Hammer, Inc.
HeaTer Unit oF THOMAS METER

Ficure 19.

the range of variations that would occur in practice. It
will be affected somewhat by composition change, but not
greatly since the molal heat capacities of the common gases
are not greatly different. If the moisture content of the gas
is far from the value for saturation at the standard condition,
then a moisture correction may be necessary.

The calibration of the meter depends on an accurate
knowledge of the specific heat of the gas and of the change in
resistance of the thermometers with temperature. The
recording and totalizing instruments can be separately
calibrated by standard methods.
Its accuracy also depends on the
degree to which the thermome-
ters are able to integrate the
temperatures across the pipe to
obtain the average and to re-
spond quickly to changes.
There is no way to check the
meter in actual service except
to compare it with other types
of instruments in the same line.

fhi The tests of this kind which have
\\\\/\(\\'\'\Q been published show that the
|/ Thomas meter is as accurate as

N

the other meters used for the
same service.

The initial cost is high as com-
pared with an orifice meter, and
it involvesrather delicate mecha-
nisms which might conceiv-
ably get out of adjustment. It
introduces practically no ob-
struction to the flow, which is
an advantage in the special case
of slow rates of flow where the
total pressure differential is very
small. It can be used where the
rate of flow varies over wide
limits. If the gas being meas-
ured contains any liquid in sus-
pension, there will obviously be
a serious error due to vaporiza-
tion. For this reason the meter
could not be used for saturated
vapors. An advantage, as
compared with the rotary displacement meter, is that the
recording instruments can be located at considerable dis-
tances from the point where the primary instrument is lo-
cated. The cost of electrical energy to operate the meter
is relatively small. Thus, it may readily be calculated
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that with a flow of 1,000,000 cubic feet per hour of a dia-
tomic gas, the energy required per hour would be 10.7
kw-hours. At a unit cost of 2 cents per kw-hour. the daily
cost would equal $5.10. A differential-pressure meter
operating on such a differential that the permanent loss in
pressure would be about 4 inches of water would have about
the same energy cost if the pressure were produced by an
electrically driven blower or gas pump of any kind, assuming
an over-all efficiency of about 75 per cent in the use of elec-
trical energy.

AREA METERS

Figure 20 illustrates one of the several meters of this class.
Its chief application is to the measurement of the compressed
air supplied to pneumatic tools:

It consists of a moving element working inside a cylinder
that has a number of accurately reamed holes in its walls, ar-
ranged along a helix. The moving element consists of a weighted
piston fitting loosely in the cylinder and another piston in an
oil dash-pot, the two connected by a rod which also extends
above the main piston into a sight glass where its position may be
read on a scale. Compressed air enters the
cylinder, causing the piston to rise and un-
cover some of the ports. The piston will
rise until the pressure diﬁ’crentinﬁ necessary
to cause the flow is balanced by the weight
of the moving element. The motion of the
giston is directly proportional to the flow.

uch a meter is clearly of extreme simplicity
and ruggedness.

Figure 21 illustrates another simple
and rugged meter of this class which has
recently been put on the market.

It consists of a vertical transparent tube
with tapered bore containing a float. As
gas flows up through the tube, it causes the
float to rise and assume an equilibrium posi-
tion such that the pressure differential neces-
sary to cause the gas to flow throligh the
annular space exactly balances the weight

Courtesy of Schutte
& Koerting Co.

of the float. The tube is so proportioned c

that the position of the float is made propor- F1GURE 21. Trru-

tional to the flow. The float is the only  FLow TyYpE oF
ROTAMETER

moving part and is so shaped that it assumes
a central position in the tube and does
not touch the wall. Owing to the simplicity of the meter, it

~can be made of a wide variety of materials and thus might be

particularly useful for corrosive gases. It is clear that any
changes which affect the density of the gas will affect its accuracy.
Any deposits on the glass wall of the tapered tube will also affect
the accuracy, but such deposits are visible and the tube can
readily be removed for cleaning. For 4-inch or larger pipes,
the meter is used as a shunt around an orifice in the main line.

Before concluding this discussion of gas meters, the question
of pulsation deserves some mention, as it often has an im-
portant effect on flow measurement, particularly with the
differential-pressure meters. Theories of pulsation, more
or less quantitative, have been worked out, but the limitations
of space do not permit a discussion of this subject. Pulsa-
tions in a line, due to proximity to a reciprocating compressor
or a positive pressure blower, will cause an orifice meter to
read high. The orifice should be placed as far away as
possible from the source of the pulsation; but, if that does
not remedy the trouble, then it is necessary to interpose
between them an expansion chamber or a damping resistance
in the form of another orifice or a combination of both.
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Heat Transmission to Oil Flowing in Pipes

Effect of Tube Length

T. K. Suerwoob, D. D. KiLey, Anp G. E. MAnGseN, Worcester Polytechnic Institute, Worcester, Mass.

HE coefficient of heat
transfer between a tube
and a fluid flowing

through it has been assumed to
be influenced in two quite differ-
ent ways by the length of the
tube. Various German writers
have discussed a heat-penetra-
tion effect, or increased difficulty
_ of heat inflow to the fluid core as
the fluid moves along the tube.
The fluid near the tube wall be-
comes heated (or cooled) nearly
to the tube temperature, and the
rate of heat flow per degree dif-
ference, between the temperature
of the tube and the mean tem-
perature of the fluid, would be
expected to be decreased.
Graetz (3) has derived a theoreti-
cal relation for viscous flow which
indicates a considerable effect of
tube length on the fluid-tempera-
ture rise per unit length of pipe.
For turbulent flow, the rate of
heat transfer might be expected
to be influenced by the turbu-

Dala are reported on healing a light hydro-
carbon oil flowing in both viscous and lurbulent
flow through each of several horizontal lengths
of 0.593-inch i. d. copper lube. Heal was
supplied by sleam condensing oulside the tube;
otl rale, steam lemperalure, and inlel and oullel
otl lemperalures are recorded. A mechanical

- slirrer was used {o mix the oil thoroughly before

measuring ils oullel lemperature.

In the turbulent-flow region, the dala are well
correlated by the method of plotting of Morris
and Whitman, although this method is unsatis-
faclory in the viscous region. In the viscous-
flow region the data are well correlated by the
method of plotting of Drew, Hogan, and Mec-
Adams, whose empirical curve is substanlialed
for tube lengths greater than about 100 diame-
lers. As the oil velocily is increased, the ob-
served sudden rise of the oullet lemperature of the
oil indicales a critical value of the Reynolds
number which compares well with the accepled
values for isothermal flow.

turbulent motion. Four lengths
of pipe were used, the ratio of
length to diameter r being varied
from 59 to 224. A sharp contrac-
tion from a 1.44-inch hard-rub-
ber approach pipe to the 0.593-
inch internal diameter test pipe
was designed to simulate turbu-
lence conditions at the entrance
to a tube held in the tube sheets
of a large condenser or tubular
exchanger. In spite of this con-
traction and consequent prob-
able turbulence at the inlet, the
data were found to fall, within
the accuracy of the work, on a
single line when plotted in the
usual ways. It was concluded
that, for water in turbulent flow,
the effect of tube length on the
rate of heat flow is negligible.

In the well-known work of
Morris and Whitman (6) on heat-
ing and cooling oils, only one
pipe was used, and consequently
no information was gained as to
the possible effect of tube length

lence normally present at the

tube inlet, following a contraction or elbow in the line. Since
the effect of this turbulence in improving heat transmission is
probably concentrated over the first few diameters of the tube,
the average rate of heat flow for the pipe as a whole should be a
function of the tube length. This effect has been discussed by

McAdams and Frost (5), who proposed a factor (1 S5 570 ) by

which the coefficient should be multiplied. r represents the
ratio of tube length to diameter.

A previous article (4) describes the results of a study of the
effect of tube length on heat transfer to water flowing in

or end effects. Recently Drew,
Hogan, and McAdams (2) have suggested a method of correla-
tion of viscous-flow data, based on the Graetz theoretical equa-
tion mentioned above. These authorsplot (&, — &)/(Tw — t))
vs. We/kL, using the data of two investigators on heating a
light Velocite B oil.  The first groupis the ratio of the tempera-
ture rise to the initial temperature difference; and in the second
group W represents the weight rate of flow, ¢ the specific heat,
k the thermal conductivity, and L the heated length of the
tube. The slope of the line representing the Graetz theo-
retical relation is negative and numerically much less than
unity; an appreciable effect of tube length on the temperature
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rise per unit length is consequently indicated. The data
plotted indicated a similar line, although falling considerably
above the theoretical curve. The data reported, however,
were obtained using tube lengths of 55 and 59 inches, re-
spectively, and consequently throw little light on the validity
of the effect of tube length indicated by the Graetz relation.
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The present article describes the results of experiments
on heating oil in both the viscous and turbulent regions, using
fourlengths of 0.593-inch 1. d. copper tube. The oil used was a
light heat-transfer oil, and the apparatus was slightly modi-
fied from that used by Lawrence and Sherwood (/).

APPARATUS

The apparatus consisted of the double-pipe heater under
test, an outlet mixing chamber with stirrer, a double-pipe
cooler, receiving tanks, circulating pump, and the usual
accessories. The test section was supported in small tube
sheets held in a standard 4-inch steel jacket, forming the
steam space. The oil approached the tube sheet at the
inlet end through a 1.44-inch i. d. hard-rubber pipe, the section
contracting at the ferrule to the 0.593-inch i. d., 0.75-inch 0. d.,
copper test section. At the outlet end the section expanded
from that of the copper tube to a short section of standard 4-
inch steel pipe in which was placed the thermometer indicat-
ing the temperature of the oil at the outlet. Between the
outlet of the test tube and this thermometer was inserted a
stirrer driven by a small electric motor, ensuring thorough
mixing of the oil before measuring its average temperature.
The zinc blade of the stirrer was 3!/2 X 2 inches, attached to a
shaft passing through a packing gland in the wall of the 4-inch
pipe. No attempt was made to measure the surface tempera-
ture of the copper tube, for the reason that, in heating oil with
steam, the steam-side resistance is but a small fraction of the
over-all resistance to heat flow, and may be estimated with
sufficient precision. The weight rate-of-flow of oil was
obtained by direct measurement in every run, using a stop-
watch to measure the time required to collect from 1 to 2
gallons, which quantity was then weighed. Except for the
‘omission of the thermocouples and the addition of the motor-
.driven stirrer at the tube outlet, the apparatus was essentially
unchanged from that used and described by Lawrence and
Sherwood (4).

* When starting with the apparatus cold, 1 to 2 hours were
required to attain constant conditions. The steam and oil
temperatures, oil rate, and condensate rate were then meas-
ured. The latter was obtained by direct weighing of con-
densate collected over a measured time interval. Centigrade
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thermometers, reading to 0.1° and carefully calibrated against
each other, were used at the oil inlet and outlet. With each
tube length, blanks were run with no oil flowing to determine
the rate of heat loss from the apparatus. The inside of the
test tube was cleaned frequently with a stiff brush to prevent
the formation of dirt or scum.

PrysicaL ProPeErTIES OF THE OIL

The hydrocarbon oil used was deseribed by the manu-
facturer as a light asphaltic-base heat-transfer oil. Its
specific gravity, as determined by a Mohr-Westphal balance,
was 0.923 at 15° C. A standard Saybolt viscometer was
used to determine its viscosity-temperature curve, the co-
ordinates of which are given in Table I. Its thermal con-
ductivity expressed as B. t. u. per hour per square foot per ° .
per foot was (8) 0.0765 at 30° C. (86° F.), 0.0755 at 75° C.
(167° F.), and 0.0748 at 100° C. (212° F.). A constant value
of 0.076 was used in the calculations.

Tasre I. ViscosiTy oF O1L
ViscosiTy
TEMPERATURE Kinematic Absolute
Centipoises Pounds/(hours)

2 Ct OF K Grams/cc. /(feet)
18.3 65.0 72.0 161

26.5 79.8 44.0 98

33.3 92.0 31.5 70.2
39.4 103.0 24.0 53.5
44.1 111.5 18.8 41.9
47.7 118.0 16.4 36.5
52.7 127.0 13.4 29.8
60.0 140.0 10.6 23.6
67.9 154.0 8.0 17.8
83.2 181.9 5.4 12.0

The specific heat used was an average value determined by
direct measurement. A small covered Dewar flask was
fitted with an electric heating coil, stirrer, and thermometer,
with ammeter and voltmeter in the heating circuit. The
electrical input to the heater was measured for a blank test
with water, and the heat loss to the surroundings calculated.
An equal volume of oil was then tested, first adjusting the
current by trial to have the oil heated over the same tempera-
ture range in the same length of time. Under these condi-
tions the heat loss as determined by the blank with water was
assumed to apply, and the average specific heat between 20° C.
(68° F.) and 86° C. (186.8° F.) calculated to be 0.442.

REesurrs

The experimental results are tabulated in Tables II-V,
with the runs placed in order of the oil rates. The tube
length for each series is indicated at the head of the corre-
sponding table. The inlet and outlet temperatures reported
have been corrected for thermometer errors by comparisons
with calibration curves for each thermometer. In addition,
the outlet temperature has been corrected for the small effect
of the heat supplied by the motor-driven stirrer. To deter-
mine this correction, the apparatus was run several hours with
no steam supply, until the outlet oil temperature corre-
sponded exactly with the inlet temperature. The stirrer was
then started, and a rise of 0.20° C. noted in the outlet tempera-
ture. It was found that this effect could be reproduced
within 0.02-0.03° C. for a constant oil velocity of 3.3 feet per
second through the tube. In correcting the observed outlet
temperature, the temperature rise due to the stirrer at other
velocities was assumed to be inversely proportional to the oil
velocity. The correction involved was in general only 5-6 per
cent and never over 11 per cent of the temperature rise
observed, and was, in every case, a negligible fraction of the
temperature difference between oil and steam.?

1 When part of these data appeared in connection with a paper presented
at the Swampscott, Mass., meeting of the American Institute of Chemical
Engineers [Trans. Am. Inst. Chem. Eng., 26, 81 (1931)], £ was taken as
0.078, and no allowance was made for the relatively small temperature rise
due to the action of the stirrer.
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Tasce II. Piee Lencrta 11.59 FEET
Cor. Av.
INLET OQUTLET STEAM dup We b —t
Rune Temp. Temp. Temp. O h m kKL T =t

Lated oIC: ° C. Lbs./hour

50 47,51 64.69 100.0 284 27.7 280 143 0.327
20 46.06 62.16 100.0 317 28.3 293 1569  0.299
49 48.41 64.72 100.0 349 32.8 348 1756 0.316
44 50,12 61.52 100.0 467 30.0 452 235 0.229
48 49.52 60.88 100.0 468 29.6 445 235 0.225
47 49.94  59.50 100.0 601 31.5 556 302 0.191
45 49.82 59.20 100.0 615 31.7 590 308 0.187
46  50.22 57.99 100.0 768 32.5 700 385 0.156
43 51.27 57.95 100.0 036 34.6 866 469 0.138
8 48.51 54.84 99.0 942 31.3 783 472 0.125

42  51.42 57.96 100.0 968 34.9 898 486  0.135
41 51.72 57.79 100.0 1080 36.1 1000 542 0.126
40° 52.12 57.71 100.0 1180 36.6 1090 594 0.117
50.87 55.29 99.5 1390 33.2 1200 700 0.091

2 53.63 57.86 99.2 1470 35.6 1420 740  0.093

52 56,54 60.38 100.0 1570 36.4 1660 789 0.088
31 b54.83 58.56 99.2 1680 34.4 1670 842 0.084
38 53.23 57.18 100.0 1720 37.9 1620 863 0.084
39 52.52 . 56.78 100.0 1730 40.9 1606 870 0.090
19 56.95 60.85 99.5 1750 42.1 1860 880 0.092
37 53.33 57.09 100.0 1790 37.8 1690 901 -~ 0.080
36 53.28 57.00 100.0 1870 38.9 1760 940 0.080
35 53.33  56.92 99.8 1910 38.4 1800 960 0.077
51 56.64 60.02 100.5 2050 41.1 2140 1030 0.077
53 56.14 59.31 100.5 2130 39.5 2200 1070 0.072
34 53.45 56.92 100.0 2130 41.4 2000 1070 0.074
58 65.92 70.94 100.0 2140 68.0 3130 10756 0.147
33 53.03 @ 56.48 100.0 2470 47.4 2290 1240  0.073
60 65.30 70.47 99.5 2500 105 3540 1250  0.151
30 65.85 71.02 99.2 2550 111 3710 1280 0.155
59 65.50 70.72 100.0 2550 111 3640 1280 0.151
28 65.00 70.16 99.2 2550 107 3630 1280 0.151
29 65.90 70.55 99.2 2580 99.0 3710 1295  0.140
27 65.30 70.43 99.0 2630 111 3830 1320 0.152
57 66.65 71.82 100.5 2630 112 3030 1320 0.153
56 67.20 72.24 100.5 2700 114 4110 1360 0.151
18 63.02 68.13 100.0 2820 108 3750 1415  0.138
55 67.70 72.96 100.0 3180 148 4890 1595 0.163
54 68.60 73.84 99.0 3260 162 5180 1630 0.172
17 63.50 68.40 99.5 3280 125 4410 1645 0.136
25 65.60 70.67 100.0 3330 138 4900 1670 0.148
11 59.95 64.16 99.0 3340 98.0 3950 1675 0.108
16 63.31 68.10 99.5 3360 123 4460 1685 0.132
14 61.94 66.36 99.0 3360 110 4200 1685 0.120
26 65.60 70.67 99.0 3370 145 4950 1690 0.132
15 62.58 67.28 99.0 3370 120 4370 1690 0.129
12 60.95 65.26 99.0 3390 104 4150 1700 0.113
24 65.45 70.45  99.0 3420 144 4920 1720 -0.149
10 59.34 63.86 100.0 3430 103 3960 1720 0.111
13 62.24 66.66 99.0 3450 114 4420 1730 0.120
20 67.36° 72.91 99.2 3480 176 5360 1750 0.174

21 66.70 72.35 100.0 3510 172 5340 1760 0.170
23 67.80 73.20 99.0 3560 179 5570 1785 0.173

. @ Runs 1-7 were discarded because the steam separator was not in opera-
tion, and the steam contained a large amount of water.

At low oil velocities the rate of heat transfer to the oil was
frequently less than the heat lost to the room. Under such
conditions good heat balances were difficult to obtain, and the
condensate rates are not reported. In spite of this difficulty
the heat balances checked within 10 per cent in considerably
over half the runs. At high oil rates consistent checks were
obtained, in spite of the fact that for these runs the tempera-
ture rise was small. This seemed to indicate that the calcu-
lated heat picked up by the oil was reliable, and that heat-
balance discrepancies should be attributed either to the
difficulty of measuring small condensate rates, or to the un-
certainty involved in applying a radiation correction larger
than the rate of heat flow to the oil. Consequently, for all
runs the oil-side coefficients, %, were calculated from the heat
picked up by the oil.

The values of % were obtained from the calculated over-all
thermal resistance by subtracting the tube-wall resistance and
a steam-side resistance corresponding to a steam-side co-
efficient of 2000 B. t. u. per hour per square foot per °F. As
pointed out above, this procedure is justified by the fact that
the steam-side resistance was probably never more than about
7 per cent of the over-all resistance.

As may be seen from the tables, the steam temperature was
practically constant at 99-101° C., with the inlet oil tempera-
ture varying from 43° to 68° C. The oil rate was varied from
284 to 4090 pounds per hour, corresponding to linear veloci-
ties of 0.71 to 10.3 feet per second. The oil-side coefficients
varied from 27 to 179 B. t. u. per hour per square foot per ° F.
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Tasre III. PrpeE LenetH 9.0 FEET
Cor. Av.
INLET OvuTLET STEAM dup, We b -t
RuN Temp Temp. Teme. OIL h I kL T =t
e Sifef ° C. Lbs./hour

40 49.24 60.19 100.0 354 27.5 332 229 0.216
36 50.42 58.86 100.0 470 28.1 436 304 0.170
39 49.92 57.74 100.0 541 20.4 489 350 0.156
37 49.57 57.67 100.0 638 35.8 561 412 0.161
38 50.10 55.82 100.0 848 35.5 741 548 0.115
35 51.10 56.43 100.3 873 32.1 781 565 0,108
34 51.47 56.26 99.8 966 31.4 873 625 0.099
30 51.80 55.88 100.0 1021 29.0 923 660 0.085
33 51.72 56.19 100.2 1068 33.2 986 680 0.092
41 50.32 54.98 99.9 1090 34.6 936 705 0.094
31 51.57 55.90 100.0 1100 33.1 087 710 0.090
29 52.22 56.41 100.0 1150 34.2 1060 740 0.088
43 51.30 55.41 99.5 1150 32.5 1020 740 0,084
32  51.82 55.77 100.2 1230 33.6 1100 795 0.082
42 51.02 55.12 99.9 1260 35.5 1110 815 0.084
44 51.62 55.38 99.6 1355 33.6 1200 880 0.078
28  52.83 56.05 99.9 1370 31.1 1260 890 0.068
26 52.63 56.20 100.0 1450 36.6 1330 940  0.076
25 52.93 56.31 100.0 1520 36.6 1410 080 .072
20 51.97 55.65 100.2 1530 39.2 1370 990 0.076
45 52.63 55.56 100.1 1620 33.6 1480 1050 0.062
24 53.38 56.58 100.0 1690 38.8 1570 1090 0.068
27 52.88 56.13 99.9 1690 38.9 1570 1090 0.069
2175212 55.49 100.0 1690 39.7 1520 1090  0.070
46 53.23 56.15 100.0 1900 38.6 1760 1230 0,082
23 53.48 56.31 99.8 2050 46.4 1910 1320 0.061
22 52.98 55.66 99.8 2190 44.6 2010 1410 0.057
19 52.02 54.91 99.7 2300 42,1 2050 1490  0.060
48 64.80 68.91 100.7 2300 92.0 3100 1490 0,114
49 65.05 69.17 100.5 2380 90.4 3380 1540  0.116
18 65.20 69.27 100.2 2410 98.3 3430 1560 0.116
50 65.08 69.22 100.4 2450 101 3480 1580 0,117
51 65.15 69.27 100.1 2450 102 3480 1580 0.118
17 65.256 69.27 100.3 2520 101 3580 1630 - 0.115
47 64.30 68.43 99.7 2630 115 3550 700 - 0.124
52 64.90 69.08 99.9 2700 114 3680 1740 0.119
16 65.45 69.65 100.2 3150 135 4470 2040 0,121
15 65.45 69.75 100.2 3400 151 4830 2200 0.124
14 65.58 69.65 100.2 3430 143 4860 2220 0.118
11 65.80 70.05 100.2 3440 152 4880 2220 0,124
13 65,50 69.65 09.8 3490 151 4950 2250 < 0.121
10 65.10 69.45 100.3 3530 157 5020 2280 0.124
9 65.60 69.85 100.5 3550 155 5030 2200 0.122
2 65.20 69.50 99.7 3570 160 5070 2310 0.125
12 65.65 69.85 100.0 3580 158 5090 2310  0.122
7 65.25 69.46 100.0 3590 156 5010 2320 0.121
4 64.90 69.16 99.7 3600 158 5050 2330  0.122
8 65.43 69.71 99.2 3610 166 5120 2330 0,127
3 65.10 69.36 99.5 3620 162 5140 2340 0.124
5 65.15 69.41 100.1 3620 159 5130 2340 0.122
1 65.10 69.36 099.5 3660 163 5200 2370 0.124
6 65.20 69.46 100.0 3700 163 5260 2390 0.122

The data are first plotted as shown in Figure 1, using the
coordinates suggested by Morris and Whitman. The curve
obtained by them (6) for heating oils is shown dotted, with
the coordinates changed to the self-consistent units employed
in Figure 1. In the turbulent region, for values of dup/u
greater than about 2000, the points are seen to fall on a
reasonably smooth curve (shown by the solid line) roughly
paralleling that of Morris and Whitman, but somewhat
lower.? For values of du p/u below 2000, the points are widely
scattered, although a rough correlation is obtained for each
individual tube length. The break in the lower curve indi-
cates the location of the critical point, the points to the right
representing runs in the turbulent region, and those to the
left runs in the straight-line or viscous-flow region. Although
a reasonably smooth curve is obtained above the critical
point, the Morris and Whitman coordinates are clearly in-
adequate for the correlation of the data in the viscous-flow
region.

Figure 2 shows the data for runs of dup/u less than 2000,
using the codrdinates suggested by the theoretical relations of
Graetz, and employed by Drew, Hogan, and McAdams (2).
For these tests the resistance on the oil side was so large com-
pared with that on the steam side that the steam temperature
is used in place of the tube-wall temperature without intro-
ducing appreciable error. The present data are seen to be
well correlated by this method of plotting, in spite of the four-
fold variation in tube length. Although data of runs in

3 The solid line, from dup/p of 2300 to 6000, checks almost exactly a
considerable amount of unpublished data obtained under the direction of
W. H. McAdams at the Massachusetts Institute of Technology.
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Tasie IV. P LEncetH 6.0 FEET

Cor. Av.
OUTLET STEAM dup We
Temp. Temp. OIL k " kL
e © C. Lbs./hour
52.23 101.0 696 35.5 530 675
52.45 100.0 955 36.6 750 026
51.74 100.0 971 36.8 740 941
51.36 100.0 1050 38.0 800 1020
51.32 101.0 1100 38.0 830 1060
53.40 100.5 1510 41,1 1270 1460
52.95 99.5 1530 42.9 1250 1480
52,56 99.5 1530 44.9 1240 1480
52.76 100.2 1590 44.7 1300 1540
53.88 100.5 1730 46.5 1470 1680
54.18 101.0 1820 45.0 1560 1770
54,88 100.5 1820 43.4 1610 1770
53.68 100.5 1820 45.0 1560 _.1770
52.74 99.5 1870 45.5 1530 1810
52.70 99.5 1990 46.8 1630 1930
55.60 101.,0 2050 45.4 1900 1990
52.50 99.5 2080 46.1 1690 2000
56.41 100.5 2090 51.0 1930 2030
53.75 99.5 2130 51.2 1820 2070
54.16 100.3 2150  50.6 1870 2090
59.98 101.0 2220 59.9 2360 2150
54.61 100.5 2230 50.2 1980 2160
55.11 100.0 2240 51.5 2040 2170
54.31 100.0 2240 53.1 1950 2170
56.12 100.5 2260 52.9 2090 2190
56.57 100.5 2280 52.3 2190 . 2210
57.33 100.5 2360 58.0 2280 2290
57.53 100.5 2410 58.4 2360 2340
60.94 100.0 2450 88.1 2700 2380
58.13 100.5 2480 58.1 2520 2410
60.890  100.5 2490 67.1 2700 2420
59.28 100.5 2520 71.1 2640 2440
62.04 100.5 2600 78.6 2950 2520
59.44 100.5 2730 75.6 2880 2650
60.95 100.5 2810 91.2 3050 2730
62.04 99.5 2810 93.0 3180 2730
55.84 100.0 2820 62.5 2610 2730
57.65 100.5 2880 73.6 2790 2770
60.26 100.0 2880 94.1 3070 2790
62.54 101.0 3140 116 3600 3050
62.35 100.7 3270 121 3700 3170
62.06 101.0 3300 123 3700 3200
62,30 100.5 3400 127 3860 3300
62.35 100.7 3440 130 3890 3340
62.31 100.0 3700 142 4930 3590
61.68 101.0 3720 134 4130 3610
62.58 100.0 3770 149 4310 3660
61.58 101.5 3800 127 4210 3680
62.56 100.0 3810 149 4360 = 3690
62.56 100.0 3850 141 4400 3730
Tasre V. PreeE LEncTH 3.0 FEET
Steam temperature 100.5° C.
Cor.
OvTLET L’_&E We
Temp.  O1L, W h i kL
° C. Lbs./hour
46.98 863 48.6 550 1670
47.00 925 48.7 504 1790
47.64 1340 67.1 876 2600
47.82 1380 71.2 910 2680
47.73 1460 66.6 975 2830
47.64 1560 62.9 1042 3030
47.74 1580 62.1 1084 3070
47.80 1640 . 62.5 1112 3180
47.50 1660 65.6 1092 3220
47.68 1750 67.3 1185 3390
47.76 1790 66.5 1210 3470
47.67 1810 65.0 1220 3510
47.92 1880 72.0 1280 3640
48.12 1880 72.5 1284 3640
48.31 1980 69.0 1386 3840
48.2 2000 64.9 1395 3880
48.08 2010 68.9 1387 3900
48.03 2040 68.1 1407 3960
48.08 2100 69.9 1446 4060
48.19 2130 69.5 1480 4140
48,19 2160 70.1 1503 4190
47.99 2210 71,9 1522 4290
48.21 2230 72.8 1543 4320
49.70 2270 70.1 1670 4410
48.19 2280 74.5 1570 4420
49,10 2280  65.5 1630 = 4420
48.69 2290 67.1 1630 4440
48.00 2390 69.4 1650 4640
48.35 2480 68.1 1740 4810
53,33 2630 81.1 2240 5100
53.63 2680 83.2 2340 5200
49.83 2890 74.2 2140 5610
50.14 3230 79.8 2440 6260
50.34 3460 81.5 2640 6710
53.15 3520 122.2 2070 6830
53.15 3520 111.2 3000 6830
52.76 3630 107 3050 7050
53.16 3870 123.3 3300 7510
52.96 3900 117 3310 7560
53.26 4090 130.6 3480 7950
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turbulent flow scatter widely when plotted in this way (plot
not shown), it is evident that, when restricted to the viscous-
flow region, these coordinates offer an excellent method of
correlation. The dotted line shown is the empirical curve
determined by Drew, Hogan, and McAdams from the data on
Velocite B in 0.494-inch i. d. tubes, 55 and 59 inches long.
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Ficure 2. Data ror Runs oF dup/p LEss THAN 2000
Except for the shortest of the four pipes, the data are seen to
agree excellently with the line determined by these authors.
For the 3-foot pipe the points fall roughly 10-30 per cent
above this line. Influences of free convection on the steadi-
ness of the laminar flow would not be expected to vary
appreciably with tube length. It seems reasonable, there-
fore, to attribute the difference to the effect of the contraction
at the tube inlet. Such a contraction would certainly be
expected to cause a mixing of the otherwise smooth laminar
flow, and a consequent improvement in the rate of heat flow
near the tube inlet. It may be concluded that the empirical
curve of Drew, Hogan, and McAdams is well substantiated by
the present data for tube lengths greater than about 100
diameters.
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Ficure 3. ILLUSTRATING THE SUDDEN INCREASE IN OUTLET
O1L TEMPERATURE AT THE CRITICAL VELOCITY

The data have been replotted in Figure 3, using the ordi~
nate, (& — t,)/(T — t), of Figure 2, and the abscissa, dup/x,
of Figure 1. At any one value of the Reynolds number
dup/m, the temperature rise is, of course, greater for the
longest tube, and the data fall in order of the tube lengths.
In the viscous region the temperature rise decreases as the
Reynolds number increases, but rises suddenly at the critical
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point and tends to flatten out in the turbulent region. At
still higher values of dup/ « the ratio, (l» —4)/ (T — t;), would
doubtless decrease again. The minimum is particularly
interesting because of its physical significance: with an
increase in velocity at the critical point, the oil actually leaves
the apparatus hotter. This sudden jump in the outlet
temperature has been used by Barnes and Coker (1) as a
means of locating the critical point. The location of the
minimum points of Figure 3 compare well with the lower
critical obtained by Schiller (7) at a value of dup/p of 2320,
using water at constant temperature.

The sudden increase in the ratio (¢, — &,)/(7" — t;) at the
critical point is entirely analogous to the rise of the fluid
friction coefficient as the Reynolds number is increased at the
critical point, and the two phenomena are doubtless closely
related. Figure 3 may be seen to bear a striking resemblance
to the curves of the friction coefficient plotted against the
Reynolds group.
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TABLE OF NOMENCLATURE

iset of consistent units may be used in the codrdinates of
the three figures, all of which involve dimensionless groups;
the units given below are merely illustrative.
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{8
-1
-1

specific heat, B. t. u./pound/°® F.

tube dxameter, feet

mass velocity, i. e., weight rate of flow per unit of cross-
sectional area, pounds/hour/square foot = 4W/xrd? =
up

average surface coefficient of heat flow between tube
and fluid, averaged over length of tube, B. t. u./
hour/square fi oot§

thermal conductivity, B t. u. /hour/qqumefoot/" I°. /foot

length of heating surface, feet

ratio of tube length to diameter

inlet temperature of fluid

outlet temperature of fluid, when mixed

average steam temperature

mean fluid velocity, feet/hour

weight rate of flow, pounds/hour

absolute viscosity of fluid at mean or main-body
ﬂ)u}g temperature, pounds/hour/foot, taken at (4, +
la

fluid density, pounds/cubic foot
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Solid Matter in Boiler-Water Foaming

I. Experiments at Atmospheric Pressure

C. W. Fourk anp V. L. HansLEY, Department of Chemistry, Ohio State University, Columbus, Ohio

of the foaming and priming of boiler waters. It

contains the results of certain laboratory technies not
previously used in studying the question, and some informa-
tion gained by simple boiling experiments.

Readers may raise the question, what is the use of ex-
perimenting in glass vessels in studying the foaming and
priming of boiler water, since the conditions of such experi-
ments are so different from those in an actual boiler?s The
answer is: Such experiments give fundamental information
concerning the theories of surfaces, the formation and stability
of foams, and the behavior of finely divided solids on liquid
surfaces; and they suggest experiments and working hy-
potheses regarding the behavior of water in steam boilers. This
latter point is more important than would seem at first sight.
BEvery investigator’s scientific imagination is limited, but it
can be stimulated by outside suggestions, and in a complex
subject like boiler-water foaming there is no better source of
such suggestions than laboratory experiments in glass vessels,
however far removed from actual boiler conditions they may
be. .

The experimental work of the paper was planned specifically
to see what value might lie in measuring surface viscosities,
and ‘surface tensions of water and water solutions of sodium
salts with finely divided solid matter as a constituent of the
system; and to find, if possible, the reason for the high foam-
stabilizing effect of boiler scale. The second one of these
questions will be considered first. :

THIS paper is one of a series (4) on the general subject

NEw Form oF GLASS BOILING APPARATUS

For laboratory foaming experiments with water solutions
boiling at atmospheric pressure, the apparatus illustrated in
Figure 1 has proved so satisfactory that it is described in
detail. Itsadvantage liesin the fact that boiling can continue
without change in concentration, and that additions of either
solids or liquids can be made through the open tube under the
condenser. The condensate quickly washes such additions
into the flask.

Since the rate of boiling has a pronounced influence on the
amount of foam produced, effort was made to keep this rate
constant. A four-unit burner with the flames playing upon
the unprotected bottom of the Pyrex flask was used, with the
flask resting on an iron ring 11 em. in diameter. Under these
conditions the rate of evaporation was approximately 3 cc.
per second per square foot (929 sq. em.) of water surface.
This is not a high rate of evaporation, and consequently the
most favorable conditions for foaming were not present.
A slow rate of foam-formation is, however, more favorable for
indicating the effect of changesin conditions, such, for example,
as the presence of more or less solid matter.

No quantitative results can be obtained with such a boiling
apparatus, except an estimate of the thickness of the layer of
foam on the surface; therefore it is necessary to define the
qualitative terms used in describing the observed phenomena.

Reference to Figure 2 will help in understanding these terms.
Foam, as used in this paper, means a continuous layer of froth
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over the surface. If the layer of bubbles is not over the
whole surface, it is not called a foam. Special attention is
called to the portion marked ‘‘particle membrane” in the
drawing. It contains floating solid particles and could
aptly be described as a scum on the surface. Its outstanding
property is its resistance to penetration. This means that
bubbles rising from below cannot readily get through this
membrane, and therefore the rate at which bubbles burst on
the surface is greatly retarded. In other words, this particle
membrane exhibits one of the ways in which solid matter
stabilizes a foam, and the experiment suggests at least the
possibility of a similar situation in a steam boiler. The same
effect was observed with the plastic solid layer which forms
on the surface of a saponin solution. Bubbles rising from
below, instead of pushing up a hemispherical mound on the
surface, simply flattened against
the underside of the surface layer
in which the saponin was con-
centrated. Attention is also
called to the attempt in Figure
2 to show both a cross section
and round section of the flask
with a foaming mixture in it.

ErrEcT OF ADSORBED OIL ON
STABILIZING POWER OF SOLIDS

A hint from the art of ore flota-
tion prompted the examination
of some boiler scale for oil. . A
considerable amount was found,
which fact in turn suggested the
experiments outlined in Table I.
In these experiments the boiling
apparatus was employed, the
flask being charged with 500 cc.
of the salt solution used. This
was brought to boiling, and then
half-gram portions of the solids
(corresponding to 1000 p. p. m.)
were successively introduced
through the opening under the
condenser until 4000 p. p. m. had been added. Since 1000
p. p. m. of solids produced no foam, the behavior of the solu-
tions with this amount is not recorded.

An inspection of the results in Table I shows that the un-
treated boiler scales were the best foam-stabilizers and, in
the case of scale No. I, that extraction or destruction of the
oil greatly reduced its foaming tendencies. The rest of the
materials were selected because they had little or no tendency
to float. The one exception was galena which was chosen
because it is a natural floater! but contains no oil.

The following experiments performed after the completion
of those in Table I constitute an important addition because
they show that the foam-stabilizing properties of certain
solids are lost by prolonged boiling in a salt solution.” These
experiments were carried outin the boiler described in Figure 1.

licles.

existing theortes.

Experiment I. A solution of 8000 p. p. m. of sodium sulfate,
to which 5000 p. p. m. of finely ground dolomite were added,
foamed vigorously on boiling, but, after boiling for 21/, hours,
the foaming almost ceased.

Experiment II. A solution of 8000 p. p. m. of sodium sulfate
was boiled with 5000 p. p. m. of finely ground limestone. The
{‘oammg was vigorous at first but ceased after boiling for 10

ours.

Experiment III. The solution from II, after the limestone
had been filtered off, was returned to the boiler, and 5000 p. p. m.
of fresh limestone added. This mixture foamed vigorously on

t A brief account of the floating of substances heavier than water is found
in a paper by Edser, Brit. Assocn. Advancement Sci. 4th Rept., 1922, 263.
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The experimental work of this paper falls
inlo lwo classes: boiling of various salt solu-
lions containing finely divided solids; and de-
lerminations of surface viscosilies and of sur-
face lensions of waler and waler solutions
with their surfaces covered with floating par-
The boiling experiments showed thal
different kinds of solid maller exhibiled greatly
differing degrees of foam-stabilizing power, and
that this stabilizing power was lost in some cases
on prolonged boiling. It was also shown thal
absorbed oil was the determining faclor in the
stabilizing effect of the botler scale used. The
determinations of surface viscosily and surface
lension were made largely lo salisfy scientific
curiosily. The results were in harmony with

A

Vol. 24, No. 3

boiling and continued to do so for 3 hours, when the experiment
was stopped.

Experiment IV. The limestone from II, which had lost its
foam-stabilizing property by boiling for 10 hours in a salt solution,
was filtered and washed several times with distilled water, and
then added to a fresh solution of 8000 p. p. m. of sodium sulfate.
This mixture did not foam when boiled.

Experiment V. Experiments II, III, and IV were repeated,
but instead of limestone a finely ground boiler scale was used.
The foaming was even greater than that with the limestone but,
after boiling for 13 hours, it ceased. When this boiler scale was
then added to a fresh sodium sulfate solution, no foaming oc-
curred on boiling; but, when a fresh portion of boiler scale was
1a}ldded to the old salt solution, the foaming was as vigorous as at

rst.

The experiments in Table I, in the preceding paragraphs,
are in harmony with the following generalizations which are
also suggested by theoretical
considerations and by the ex-
perience of ore flotation.

(1) Some kinds of solid matter
are more effective than others in
stabilizing the foams of boiling salt
solutions. These differences may
be due to the specific nature of the
substances or to adsorbed material,
especially adsorbed oil. So far as
these experiments go, it appears
that the solids which stabilize foam
are those that are not readily wet
by the solutions in question and
therefore float when in a finely di-
vided state.

(2) Prolonged boiling in a salt
solution causes some kinds of solid
matter to lose the power of stabiliz-
ing foam. This is probably due
to a modification of the surface of
the solid. The boiling possibly re-
moves the film of oil or otherwise
increases the wettability.

~
SURFACE-VIscosITY EXPERI-
MENTS

Wilson and Ries (10) have ad-

' vanced the theory that the
stability of a film may be explained on the assumption that it
possesses the properties of a plasticsolid. To understand this
statement, the following definition of Bingham must be
used: “If a body is continuously deformed by a very small
shearing stress, it is a liquid; whereas, if the deformation stops
increasing after a time, the substance is a solid.”

Wilson and Ries tested this theory quantitatively by
measuring the surface viscosities of various solutions by
means of a torsion pendulum rotating in the surface of the
solution.

No curves or tables of surface viscosities will be given,
though many measurements were made, largely because it
seemed undesirable to let any method go untried. In general
it can be said that finely divided boiler scale on the surface of
distilled water or on a salt solution gives a strong plastic
solid effect. No effect, however, is produced unless the layer
of scale is continuous; that is, if the scale is in floating patches,
the plastic effect is not apparent. Also, if the water contains
a little castor oil, even a continuous layer of scale gives no
plastic solid effect.

SURFACE-TENSION MEASUREMENTS

Again the urge to leave nothing untried prompted a series
of surface-tension experiments. Specifically it was hoped
to learn whether the oil in the foam-producing solids was
imparted to the water during a foaming experiment, or
whether it remained with the solid matter. The measure-
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ments were all made by the ring method with a du Nouy
apparatus, and the surfaces under examination were manipu-
lated in a narrow copper trough 74 cm. long, the use of which
was suggested by the experiments of Aiken (7) and Pockels (8).

This trough was leveled and filled just to the top, so that
the surface of the liquid could be wiped with a straight edge.
In this way the surface could be cleaned and, if desired, the
impurities could be concentrated at one end. It was particu-
larly easy, for example, to produce and maintain a continuous
layer of floating particles.

There should also be mentioned a special technic involved
in the ring method of surface-tension measurements of liquids,
the surface of which is covered with floating solid particles.
There are obviously three situations in which the ring of the
du Nouy apparatus may be pictured:

A continuous layer of solid particles is on the surface, inside
but not outside of the ring. It was found impossible to maintain
this situation. -

A continuous layer of particles is on the outside but not on the
inside of the ring. Under these conditions a lowering of the
surface tension of about 3 dynes was obtained.

A continuous layer of particles is both inside and outside the
ring. In this situation the maximum lowering of surface tension
was obtained.

WATER wiTH POWDERED MATERIAL DUSTED ON THE

Surrace. The following substances were employed: boiler
scale No. I, untreated; boiler scale No. I after heating several
hours at 490° C.; calcium carbonate prepared by boiling a
solution of the bicarbonate (every effort being used to keep it
free from grease) and ground flint that had been heated to
redness.
- None of these substances when dusted on the surface of
water affected the surface tension of the water unless a
continuous layer was formed, which could easily be done by
pushing the straight edge along the trough. When the
particles were in a continuous layer, the untreated boiler
scale and the calcium carbonate had the greatest effect, the
surface tension being 64 and 67 dynes per centimeter, re-
spectively. (The surface tension of the water used was 74.5
dynes per centimeter.) These numerical values, however,
should not be taken too seriously. The main point is that
the surface tension is lowered. The ground flint, being a non-
floating material, had no effect.

In all cases in which the powdered solids were wiped off the
surface with the straight edge, the original surface tension of
the water was restored.

WATER SATURATED WITH O1n. Paraffin oil that had been
boiled with water, and engine oil of unknown history were used.
Water was saturated with these oils by boiling with an excess
of the oil and finally filtering several times through paper wet
with water. No visible evidence of oil droplets was left.

The paraftin oil and the engine oil had no effect on the
surface tension of water until the straight edge had pushed the
surface constituents well into the end of the trough. In the
case of the paraffin oil, the surface tension was not affected
until the straight edge was within 5 cm. of the end of the
trough; that is, until the surface constituents had been
greatly concentrated. The reading was then 68 dynes. The
engine oil did not require so much concentration. By the
time the straight edge was moved half the length of the trough,
the surface tension began to fall off, and with the maximum
concentration the surface tension was 58 dynes.

WaTER witH O1-TREATED SOLIDS ON SURFACE. Since
many of the experiments listed above show that absorbed (or
adsorbed) oil is the indirect cause of the foam-stabilizing
properties of solids, the idea of causing non-foaming solids
to take up oil and thus become foam-forming naturally
suggested itself. The practice of ore-flotation also suggested
such experiments. Various methods were tried, the most
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effective being the heating of the pulverized material in an
excess of oil at about 110° C. The powder was then filtered
and washed several times with ether and finally dried at 110°C.
Ground flint, since it was non-foaming and non-floating,
was treated with highly purified petroleum (Nujol) in the
manner described above. The resulting dry powder floated
on water, and, when in a continuous layer, lowered the surface
tension about the same as the boiler scale. If this flint was
wiped off with the straight edge, the original surface tension of
the water was restored. When tried in the boiling apparatus
(Figure 1), however, no foam was produced; the apparent
reason for this was that the :
boiling salt solution rapidly
extracted the adsorbed oil so
that the flint no longer floated.
It might also be guessed that
Nujol would be an antifoam
like castor oil, but direct ex-

>

ir Vent- T”
athien | 0

1
periment showed that Nujol E " Cotama
did not have that effect. A i o
heavy layer of the floating ' he--Air
flint particles also sank after Jacket

boiling a few minutes in a
beaker of water and then, if
filtered off and dried, was
found to have lost most of its
floating power. :

The specimen of clay (ex-
periment 8, Table I) was also
treated with paraffin oil. It
floated, butits behaviorother-
wise was erratic. ‘When the
floating particles were pushed
together in the trough to form
a continuous layer, they be-
gan to sink on touching each other, and traces of oil were left
on the surface. Time did not permit the investigation of this
remarkable phenomenon. _

Finally, a number of experiments were made with castor oil.
These will be described in another paper. It is sufficient to
say here that they all pointed towards the belief that the oil
is retained by the solid particles in those cases in which the
effects are apparent in boiling solutions.

One experiment which is made possible by the way solids in
a surface can be manipulated in the trough is worth special
mention, though at first sight it seems to be mere laboratory
play. A continuous layer of floating powder was first pro-
duced on the surface of the liquid in the trough (pure water or
a solution can be used) by pushing the particles together with
the straight edge; then, by blowing through a bent glass tube,
bubbles as much as 1 em. in diameter were formed, so stable
that they could be lifted out on filter paper and dried, leaving
the solid particles in place like a fairy-built vaulted ceiling.
It would be hard to find a more convincing example of stabili-
zation.

APPARATUS

Previous WoRK oN FOAM STABILIZATION BY SOLIDS

The only extensive paper on the stabilization of foams by
solid matter in solutions boiling at atmospherie pressure is the
first one by Foulk (4), the relevant data of which can be
summarized as follows:

At least one hundred trials were made with various kinds of
insoluble powders—pumice, sulfur, pyrolusite, bone black,
galena, boiler scale, precipitated calcium carbonate, and lime-
It is interesting to note in the light of the present paper
that all of these substances are floaters to a greater orless degree.

When the above substances were boiled in distilled water,
no appreciable foaming was observed. If solutions of sodium
salts were used instead of distilled water, it was found that
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TasLE L.

SuBsTANCE UseEDp AND METHOD OF TREATMENT

Boiler scale No. I from untreated water, pulverized to pass 150 meshd 3.1

1
2 Boiler scale No. I, extd. with ether and then benzene; small amt. of
oily matter that looked and smelled like lubricating oil was obtained

3 Boiler scale No. I heated white hot for 2 hours

1 Boiler scale No, I heated 2 hours at 490° C.

5 Boiler s(gxle No. II from a boiler in which an antxsonle was used; un-
treate

6 Boiler scale No. III, scraped from interior of a tea kettle; untreated

7 l‘luely ground flint; untreated

8 Clay; untreated

9 Ca Os, grade used in J. L. Smlth method for determining Na and I

10 Limestone, 150-mesh

11 CaCO; pptd. from soln. of ealeium blcarboxmte by boiling

12 N=2:SOq soln. containing 1000&) p. m.; no solxds added

13  CaSOs used in 4000 p. p. m. Na:SO04 soln. of 12

14 Expt. I repeated wit \ another portion of untreated boiler scale No, I
in a 4000 p. p. m. solution of NaCl

15 Galena, 150-mesh

2 All solutions contained 4000 p. p. m. NaCl, unless otherwise stated.
b See experiment 14,

‘ywhen present in sufficient concentration, any one of the sodium
salts together with any one of the insoluble materials mentioned
above produced a white foam. Among the solids tried, powdered
boiler scale and limestone were most effective as foam pxoducers

“Experiments were also made on the effect of particle size.
Some powdered boiler scale was sifted into portions that passed
100, 80, 60, and 40 meshes to the inch.
the foam-producmg tendencies increased (equal weights of
material being use d) as the size of particle decreased. Quite
the most interesting observation made here, however, was the
fact that particles so large that all failed to pass through a 40-
mesh sieve were nevertheless effective in producing foam.”

The effect of varying concentrations of both soluble and in-
soluble material in the boiling flasks was also tried.

“Increasing the amount of insoluble material had the same
effect as an increase in the concentration of the soluble salts.
One of them therefore could take the place of the other, so that
foams could be produced with a small amount of soluble material,
provided a large amount of insoluble solid was present, and vice
versa. There was, however, a lower limit at about 500 p. p. m.
for both soluble and insoluble material; that is, if the soluble
salts were much less than this, no reasonable amount of in-
soluble matter would produce foam, and, if less than this amount
of insoluble matter was present, no concentration of soluble salts
was sufficient to make the liquid foam.”

In the paper published in the Journal of the American
Water Works Association, Foulk (4) also records experiments
made in a glass flask under a pressure but little above that of
the atmosphere. This flask was so equipped that, while a
solution was boiling in it, a rather large outlet could be opened
suddenly. This left the liquid in the flask at atmospheric
pressure but of course at a degree or two higher in temperature
than its boiling point. The result was a few seconds of very
violent ebullition. When this experiment was made with
both salt solution and finely divided solid matter in the
flask, the ejection of water with the steam on opening the
large outlet was far greater than with any other combination.
Quantities of liquid would literally hit the ceiling, thus show-
ing that, under the conditions employed, the effect of the solid
matter was very great.

ErrEcT oF Sorins on FoaMING oF SALT SoruTions BorLing
AT Hige Pressures. It is not the intention to discuss here
the effect of solids on the foaming of solutions boiling at
pressures comparable with those in steam boilers. That is
reserved for future papers. Attention should, however, be
called to the scarcity of published experimental evidence on
this point and also to the lack of agreement among these
publications. For example, in 1927 Joseph and Hancock (6)
and in 1930 Hancock (5) recorded experiments with a small
laboratory boiler operated at pressures of over 100 pounds and’
also experiments with commercial boilers; in all cases their
evidence showed that the presence of finely divided solid
matter had no effect on the foaming and priming of the
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It was found that .

2000 p. 3000 p. p. m.
ll(!’s solids 4000 p. p. m. solids
Cm. Cm. Cm.
6.3 6.3. A few bubbles as high as neck of flask
No foam 0.6 2.5
No foam Faint signs of foam Foam slowly rose to 1.3
No foam Very slight foam Very slight foam
1.9 2.5 2.5
1.9 2.5 2.5
No foam No foam No foam
No foam No foam No foam
No foam No foam, bubbles No foam
lasted a little
longer
No foam 0. 0.6
No foam 1.3 1.3
No foam No foam No foam
No foam No foam No foam
3.8 5 ; 6.3. Some bubbles in neck of flask
Not tried Not tried 1
boilers. On the other hand, the Water Service Committee of

the American Railway Engineers Association for 1929 (2) gives
data on the operation of certain commercial boilers which
show that the presence of solids in the boilers increases the
water in the steam (foaming and priming). There is also an
important paper by Koyl (7) on the behavior of a locomotive
boiler in service; but some uncertainty exists in the interpre-
tation of his crucial experiment, because, under the conditions,
the concentration of dissolved matter was also increasing along
with the increase of suspended solids. It should be noted,
however, that Koyl, who recorded the conditions of his experi-
ment, ascribed the increasing amount of water in the steam
which he observed to the coincident increasing amount of
solids in the boiler.

Discussion

Although the general subject of this investigation is a study
of all the causes of wet steam, the present paper deals only
with the effect of finely divided solid matter on the foams or
froths of certain salt solutions boiling at atmospheric pressure.
In fact it does not cover even this small field. For example,
the’effects of varying the ratio of salt concentration to concen-
tration of solids has not been touched. Reference to this
point is made in a former paper (4); since that time much new
information is at hand (particularly personal communications
from men in the field) with the result that the question now
has sufficient importance to warrant a separate and thorough
study, to be undertaken in the future.

The work of this paper falls naturally into two parts: the
experiments with boiling solutions; and experiments with the
surfaces of cold solutions. These latter were made perhaps
more to satisfy scientific curiosity than with an expectation of
practical results.

Boiuing ExperiMeENTs. The results, as presented in
Table I and in the reports of later experiments, show that,
under the conditions employed, different kinds of solid matter
stabilize the foams of salt solutions in greatly different degree,
and some kinds of solid matter lose their foam-stabilizing
properties on prolonged boiling in a salt solution. Further-
more, it was shown that the oil in the boiler scale employed
was a determining factor in its high stabilizing power. This
latter point powerfully suggests a possible explanation for
some of the varying effects of solids in actual boiler practice.
According to the operation of the boiler, there will be much, or
little, or even no oil in the water, and consequently varying
amounts of oil in the scale. It could well be then that two
boilers of the same design and using the same water, would
exhibit contrary effects owing to precipitated solids. One
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boiler might be operating a reciprocating engine with
returned condensed steam carrying a great deal of oil, and the
other one might have no return or, for some other reason, no
oil. The boiler containing solids with adsorbed oil would
foam badly, and the other one with an equal concentration of
solids would not, or there might at least be a great difference
in the behavior of the two boilers. '

Particles Climbing
Film onFSide of

lask~~,

Particle Membranes, '\

FI1GURE 2. APPEARANCE OF BolLiNg
MiIXTURE IN BOILING APPARATUS

The prolonged boiling experiments (I-V), which resulted in
the solids losing their stabilizing properties, also suggest a
possible explanation of certain varying effects of solids. If
solid matter is appearing slowly in a boiler, it will necessarily
be relatively longer in contact with the boiling water, and it
might be that the stabilizing property would be lost at about
the same rate or faster than the solid is formed. The result
of such a situation would be that a high concentration of such
solids would have little or no effect on the foaming. It should
also be pointed out that this loss of stabilizing power would
probably go faster in a steam boiler than in an open flask, be-
cause of the much higher temperature of the water. It is
proposed to study this point later.

Finally, it must be pointed out that it is hazardous to make
comparisons among different foaming experiments and
particularly to draw general conclusions from such experi-
ments because the results are influenced by so many condi-
tions that are either unknown or rarely thought of. For
example, the design of the vessel in which the experiment is
made affects the result in many cases, which is another way of
saying that a steam boiler is a very poor type of instrument
for measuring foaminess.

SurrAcE ExperiMENTs. The interesting point in the sur-
face-viscosity experiments is the fact that there must be a
continuous layer of floating particles on the surface before
the plastic solid effect results. This is in line with the theory
of Wilson and Ries (10). Itis also important to note that the
presence of a little castor oil destroys the plastic solid effect
and also destroys the foam of a boiling salt solution. How-
ever, the foaming of a salt solution containing no solids is
also destroyed by castor oil.?

The surface-tension experiments are also interesting in that
they are in direct line with the surface-viscosity results; that
is, surface tension is not affected unless there is a continuous
layer of floating particles on the surface. The effect with the
few solids tried was always a pronounced lowering of the

2 These facts about castor oil as an antifoam are from a series of experi-
ments not yet offered for publication.
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surface tension, which is in harmony with the theory applying
to soluble matter—namely, concentration in the surface layer
lowers the surface tension, and, it might also be added, the
foamiest mixtures are those in which the surface concentra-
tion is higher than that of the mass.

The question of the mechanism of stabilization by solid
matter naturally arises. The effect is apparently purely
mechanical. Bancroft (3) says that the solids make the film
more viscous. At any rate a greater structural strength is
imparted to the bubble film by the coating of solid particles.
This is clearly shown above by the experiment of lifting out
such coated bubbles on paper and allowing the liquid to
evaporate. The solid particles were left behind as a self-
supporting structure.

The fact that the surface tension of the liquid returns to its
original value when the solid particles are wiped off shows at
least that the effect of a continuous layer, whether due to the
solids as such or to the solids with a layer of adsorbed oil, is
not imparted to the liquid. It is purely a function of the
floating solids.

CONCLUSION

The authors of this paper feel that there is not yet sufficient
experimental and theoretical knowledge at hand to warrant
a sweeping statement about the effect of suspended solids on
the foaming and priming of boiler water. The preponderance
of opinion seems to be that solids always promote the throw-
ing of water into the steam, but the work of Joseph and
Hancock (6) and later of Hancock (5), together with some of
the evidence brought out in this paper, suggests that there
may be exceptions. This, however, need not alarm the
zealous proponents of the suspended-solids theory. The
study of any problem as complex as that of the entrainment of
water by steam always brings out conflicting evidence that is
harmonized later by more data and particularly by a better
understanding of the underlying physical and chemical laws.
Suspended solid matter is still on trial for causing thousands
of cases of wet steam, even if it can be proved in a few in-
stances that the accused, although present, was not guilty.

Work on the subject will be continued at the Ohio labora-
tory under a grant from the Boiler Feedwater Studies Com-
mittee. This will enable the construction of several types of
experimental boilers in which various kinds of solid matter
can be tried, with the boiler operating at high pressure.
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Pyrolysis of Simple Paraffins to Produce
Aromatic Oils

F. E. Frey anp H. J. Hepp, Research Laboratory, Phillips Petroleum Co., Bartlesville, Okla.

interest in the conversion of hydrocarbon gases into

motor fuels. This is mostly due to_the growth of a
large production of natural gas and refinery vapors without
a satisfactory market. Of the possible outlets for products
derived from such gases, only the motor-fuel market is large
enough to put to use more than a small fraction of the avail-
able gas. Of the proposed methods for converting hydro-
carbon gases into motor fuel, cracking to produce benzene is
perhaps the simplest and has received the most attention.
Cracking temperatures above 700° C. are required, and this
introduces practical difficulties
not encountered in oil cracking.
Methane, in spite of its abund-
ance, offers less promise perhaps
at the present time as a source
of benzene than the other gase-
ous hydrocarbons because of the
high temperatures needed to de-
compose it and the low yields of
benzene obtained. Fractiona-
tor vapors from refineries and
gasoline plants, composed chiefly
of gaseous hydrocarbons other
than methane, are more suitable
for conversion into benzene and
are available in large quantities.

The pyrolysis of gaseous hy-
drocarbons other than methane
under conditions which produce
aromatic hydrocarbons was
first investigated by Berthelot (1) and has since interested a
number of investigators. The literature has been recently
reviewed by Hurd (13), Hague and Wheeler (11), and Egloff,
Schaad, and Lowry (6). Since cracking attained commercial
significance, laboratory researches have been conducted by
Zanetti (26), Zanetti and Leslie (27), Davidson (4), Williams-
Gardner (24), Dunstan (5), Hurd (14), Hague and Wheeler
(10, 12), and Wheeler and Wood (23). The utilization of
natural gas as a commercial source of benzene has been dis-
cussed by Burrell (2). Williamson (25) mentions the opera-
tion of a plant for producing benzene from natural gas by
pyrolysis. Podbielniak (20) describes semi-large-scale experi-
ments.

The present laboratory investigation was conducted
primarily for the purpose of obtaining information bearing
on possible commercial operation. The results have also a
bearing on coal carbonization and the enrichment of fuel gas
by cracking oil, both of which are conducted at temperatures
sufficiently high to form benzene.

In the present work more emphasis has been placed on the
role of the time factor than in earlier investigations in this
field, and a more intimate knowledge of some of the chemical
changes involved has been gained by the use of more thorough
analytical methods.

D URING recent years there has developed an increased

time factor.

evolution of heal.

formation.

EXPERIMENTAL PROCEDURE

Of the gaseous hydrocarbons used in these experiments,
ethane, ethylene, propane, and butane were commercial

W/

The pyrolysis of gaseous hydrocarbons other
than methane to produce aromatic oils was
studied with emphasts on the part played by the
Mazimum yields were obtained
over a wide lemperalure range by using the lime
of conlact appropriale to each temperature.
The formalion of aromatics took place with
Simple diolefins,
cyclopentadiene, accompanied the benzene in
greatest amount during the early stages of its

AN

products, containing as impurities other hydrocarbons to the
extent of 4 per cent or less. The methane used was natural
gas containing 10 per cent of ethane and other impurities.
The butane contained 11 per cent of isobutane, and 86 to 88
per cent normal butane. The apparatus used for the cracking
operation is shown in Figure 1.

The gas was passed from container 4 at a uniform rate through
flowmeter B and, at atmospheric pressure, into a single straight
length of silica tubing, C, which served as the cracking chamber.
The silica tube was mounted in a tube furnace, D, so as to slope
slightly downward from the horizontal in the direction of flow
of the gases undergoing cracking,
in order to allow tar deposited in
the exit end of the tube to flow
away from the cracking zone. In
order to permit time and tem-
perature to be observed separately,
a long cracking zone of known
volume, maintained at an even
temperature, was provided. The
tube furnace was 90 cm. in length,
wound in three sections controlled
by separate rheostats. In this
way a 50-cm. cracking zone with
a temperature uniform to within
5° C. was obtained. The cracked
gases issuing from the tube passed
through electric precipitator &, in
which the suspended tar was col-
lected; through condenser F im-
mersed in a solid carbon dioxide-
acetone bath to condense the vola-
tile liquid hydrocarbons; and
finally into receiver @, or, when
large amounts of material were
handled, through a wet test meter.
When a run was completed, the volatile liquid hydrocarbons
dissolved in the tar in E were distilled into condenser F. This
was accomflished by connecting the tar precipitator to the con-
denser, still immersed in the cooling bath, reducing the pressure
to 2 mm. of mercury by a vacuum pump connected to the exit of
the condenser, and boiling the tar in the precipitator gently for
10 minutes. The tar volatilized was allowed to condense on the
walls of the precipitator while the vapors uncondensed at room
temperature were driven over into condenser F. A fractional
distillation of the oils had shown that the components boiling
between xylene and naphthalene were present in such small
amounts under high-yield conditions that the separation of
xylene and lower hydrocarbons from the tar was fairly sharp and
reproducible.

chiefly

The tar collected in the tar precipitator was estimated by
weighing, and to the weight was added that of the tar de-
posited in the exit end of the cracking tube. Carbon formed
in the cracking zone was determined by burning to carbon
dioxide at 550° C. in a stream of oxygen, absorbing in soda
lime, and weighing. In most cases the gaseous products were
analyzed by means of the Bureau of Mines Precision Orsat
apparatus (22). The paraffins, determined by slow combus-
tion, were calculated as methane and ethane. The values for
ethane, obtained in this way, may be in error to the extent
of 1 per cent or even more.

‘When a more complete analysis was desired, the gas was
separated by fractional distillation into fractions containing
methane and gases of lower boiling point—ethane plus
ethylene, propane plus propylene, butane plus butene, and
liquid hydrocarbons. The gaseous fractions were . then
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analyzed by the Orsat method, olefins being determined by
absorption in sulfuric acid, and paraffins by slow combustion.
The analytical fractionating column used has been described
by :Oberfell and Alden (15) Podbielniak (19), and Fitch (7).
No attempt was made to determine acétylene, which is known
to be formed in small amounts at temperatures high enough
to produce aromatic hydrocarbons.

!

TO CONTROL RHEOSTATS TO SECONDARY UF
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c
Ficure 1. CRACKING APPARATUS

The time of contact was calculated from the volume of the
section of the silica tube at cracking temperature and the flow
rate of the gas at the temperature of the reaction. A volume
increase took place during the reaction, but, since the increase
occurred in the brief initial decomposition, the average flow
rate was assumed to be that of the products leaving the
cracking zone.

During most of the experiments, temperatures were taken
only by four thermocouples spaced at equal intervals along
the outside of the silica tube. Effects due to heat of reaction
caused an appreciable temperature drift during experiments
at the higher temperatures, and this, as well as the increased
rate of heat transfer, no doubt affected the accuracy of the
time and temperature values, especially at the higher tempera-
tures. Such errors are not serious, since the reaction is not re-
sponsive to small differences in time and temperature under the
conditions which produce aromatic hydrocarbons.

ErrEcT OoF TIME AND TEMPERATURE

Since other investigators had placed the most emphasis on
the temperature factor, it appeared desirable to conduct
experiments of an exploratory character to study the effect
of independent variation in time as well as temperature. A
gas mixture similar to gasoline-plant fractionator vapors of
the composition methane 18.6 per cent, propane 44.7 per cent,
n-butane 32.7 per cent, and isobutane 4.0 per cent, was
cracked at several temperatures—namely, 700°, 750°, 850°,
and 950° C.—and propane at 1050° C. Several flow rates
were used at each temperature. The results obtained with
propane are entirely comparable, as will be shown, with those
obtained using the gas mixture, since the average molecular
weight and carbon-hydrogen ratio are the same. Because of
the wide range of cracking times covered, it was necessary to
select silica cracking tubes ranging from 25 mm. diameter for
the lower temperatures to 2 mm. for the highest. A simplified
type of experiment was deemed adequate in which only the
volume change of the gas due to cracking and the concentra-
tion of volatile liquid hydrocarbons were determined, for the
purpose of calculating the yield of volatile oils (essentially
benzene as later experiments show).

The concentration of volatile oils was determined by the
method of Burrell (3). The gas discharged from the tar
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precipitator was drawn into an evacuated bulb to a final
pressure of atmospheric, the inlet stopcock closed, and the
bulb was then cooled to —190° C., after which it was brought
to —79° C. in an acetone—solid carbon dioxide bath. The
uncondensed gases were then withdrawn to a final pressure for
1 mm. The hydrocarbons boiling above room temperature
were retained, and the quantity was estimated by warming to
room temperature and by reading on an attached manometer
the partial pressure of the evaporated residue. The base of
the tar precipitator was kept at 60° C. during the cracking
operation to avoid condensation of toluene or lower-boiling
components, which were not formed in concentrations too high
to be retained by the gas. From the volume change due to
cracking and the concentration of volatile oils, the yield in
weight per cent was calculated.

The yield data are shown graphically in Figure 2. Within
this rather wide temperature range the maximum yield was
approximately constant for that range of contact time ap-
propriate to each temperature. No doubt the composition of
the oils was affected somewhat by temperature. TFrom these
data there were selected minimum values of time required to
develop a roughly maximum yield of volatile oils within this
temperature range. These values are related to the tempera-
ture by the following empirical formula:

T = 691 — 100 log ¢
where ' = temperature in ° C.
and ¢ = time in minutes

More accurate subsequent experiments confirmed the values
selected. The temperature coefficient of reaction rate is
distinctly lower than that of the primary decomposition of
propane and butane for which Pease (16) found a temperature
coeflicient of about 2.75 per 25° C. A lower coefficient for the
polymerization of olefins has been observed by Pease (17)
and Geniesse and Reuter (9). The polymerization reactions
play an important role in the complex reactions leading to the
formation of aromatics, and perhaps determine chiefly the
reaction rate.

Errect oF TimeE FAcTOR

Since variation in time or in temperature gave equivalent
results in respect to yield of volatile oils over a rather wide
temperature range, an intermediate temperature, 850° C.,
was selected for a series of experiments in which the time factor

COMPOSITION OF GAS TREATED
METHANE 18.6%
PROPANE 44.7%
BUTANES 38.7%

1000%

Bo— :‘g
e | '(: 700°C.

VYOLATILE Oi. YIELD IN PERCENT BY WEIGHT
1

Lo /0005 .00 £05 0 -5 K

08 U
TIME IN MINUTES

Ficure 2. Errecr oF TiME AND TEMPERATURE
oN Y1eELDS oF VorATiLE O1Ls

alone was varied, and more complete data taken. The gas
subjected to cracking was the same as that used for the preced-
ing experiments. Sufficiently large quantities of gas were
cracked to give several grams of liquid products in each
experiment. Tar and volatile oils were collected and meas-
ured separately and the gases were analyzed. The data are
shown in Table I.

ComrosiTioNn oF Gaseous Propucrs. The sequence of
changes taking place during the reaction is best shown by the
change in the composition of the gases (Figure 3). The
primary decomposition of the propane and butanes into
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simpler paraffins and olefins was nearly complete in 0.0025
minute during which time oil formation was negligible. The
time consumed by the succeeding oil-forming stage of the
reaction was many times greater. During this stage methane
formation increased to a high final value, hydrogen increased
somewhat, and with the exception of ethylene and ethane the
other gaseous hydrocarbons were quickly destroyed. Be-
cause of the relatively long time required by the oil-forming
stage of the pyrolysis, certain reactions which have been
observed in association with the more rapid primary decompo-
sition of paraffins have an opportunity to play an important
part. The reversible hydrogenation of ethylene to ethane
maintains ethane in nearly equilibrium concentration when
the gas composition is changing slowly, as experiments to be
discussed will show. Work in progress indicates that the
hydrogenation of olefins higher than ethylene, such as propyl-
ene and the butenes, results in the formation of products of
primary decomposition of the corresponding paraffins; and,
since breaking of the carbon chain takes place and methane is
an important product, much of the methane is probably formed
in this way without the intermediate formation of polymers.
Ethylene and ethane survive because the two-carbon chain is
not subject to breaking of the carbon-carbon bond.

Liquip Propucrs. The effect of time of contact on the
yield of liquid products is shown in Figure 4. During the
early part of the oil-forming stage of the reaction, the yield of
volatile liquid products increased rapidly, accompanied by a
rather rapid decrease in gaseous olefins, then became constant
during the period 0.03 to 0.08 minute while the olefins de-
creased more slowly. The volatile oil was associated with
very little tar during the early stages of its formation, but
tar continued to increase after a maximum yield of volatile
oils had formed, owing, no doubt, to the formation of tar from
the latter. Carbon formation became marked at a still later
stage and accelerated only when much tar had formed, due to
its formation in turn by the degradation of tar. The volatile
oils first formed contained unsaturated hydrocarbons, but the
oil surviving the longest exposure time of 0.40 minute crystal-
lized partly at 0° C. and consisted almost entirely of benzene.
The effect of change in time on the composition of the volatile
liquid products is shown in more detail in a later section.

TaBLE I. CrackinG or Gas Mixrture® At 850° C. witH
Varyine Time oF ContacT
Run 1 2 3 4 5 6
Time of contact,
minutes 0.0025 0.006 0.010  0.042 0.08  0.40

Vol. ratio of exit
gaseous prod-
ucts toinlet gas 1.8 1.8 1.9 251 1.8 2 e

Yields, weight %:
Volatile oils -
Tar
Carbon

Analysis of gase-
ous products,
% by vol.:
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237w 1i70 9.5
100.0 100.0 100.0 100.0
@ Composition of gas mixture: methane 18.6%, -
32.7%, isobutane 4.0%,. (o Bapane 4% oy n-butane
5 Fractionation analysis.
¢ After removal of benzene (Orsat analysis).
d Volatile oils present.
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Portions of tar from runs 3, 5, and 6 were dissolved in five
volumes of pyridine, and to the solution was added an equal
volume of pentane. The tar from a 0.01-minute exposure
gave no precipitate, but tar from the 0.08- and 0.40-minute
exposures gave increasingly heavy brown precipitates, presum-
ably of aromatic hydrocarbons of high molecular weight
formed by protracted cracking. :

CARBON. Some carbon was always obtained in the form of
a hard lustrous coating. A flake of carbon, obtained from an
experiment in which butane was cracked at 750° C. for a
period of 2.3 minutes, was crushed and examined under the
microscope. It was found to consist of spherical particles
about 1 micron in diameter, cemented together. Similar
spherical particles were obtained from tar formed by drastic
cracking as a residue after repeated extraction with pyridine.
The form of the carbon suggests that the particles were built
up while suspended in the gas and were deposited subse-
quently on the walls of the tube.

COMPOSITION OF GAS TREATED

3
:
&

l&
b

UTANE

B

mmal =
o]

BUTANE e |

Y = ——

»

LEN

- ETHAN] e
O 02 03 04 05 06 07 08 AD.
0025 DURATION OF EXPOSURE TO CRACKING TEMPERATURE IN MINUTES

cwmrmamummvmnm
|
1
1
]
)

Ficure 3. Errecr oF Time or CONTACT AT
850° C. on ComposiTION OF GAS

HeAr oF CrackING REACTION. Irom the heat of forma-
tion of the reactants and proddets, the variation in heat
content through the cracking period was calculated, assuming
a constant temperature of 850° C.  For the heats of forma-
tion of volatile oils and tar there were taken for convenience
the values per unit weight for benzene and naphthalene,
respectively (8). Figure 5 shows the calculated heat-content
curve. About 650 calories per gram were required to heat the
uncracked gas to reaction temperature, after which the rapid
primary decomposition took place with absorption of heat
followed by the slower oil-forming reactions with evolution
of heat. The point of maximum heat content corresponds to
the formation of a maximum concentration of gaseous olefins
at an exposure time of about 0.0025 minute. The exothermic
heat developed between 0.0025 and 0.08 minute was about
190 calories per gram, enough to raise the temperature about
200° C. In large-scale experiments to be described, a marked
exothermic effect from this cause has been observed. :

A large-scale experimental unit for cracking gas was con-
structed in which the endothermic and exothermic reaction
stages were conducted separately under conditions suitable for
each. The endothermic cracking took place in a tube coil of
chromium-alloy steel. The charging stock was butane, which
was cracked at 750° to 770° C. at 2 atmospheres pressure to a
maximum content of unsaturates of 43 per cent by volume.
The gas at 770° C. then passed into an insulated chamber in
which the formation of aromatic hydrocarbons took place
without any further introduction of heat and over a much
longer period of time. The tempeérature rose 50° C. during
the passage through the chamber. Under these conditions a
maximum yield of benzene was obtained with a minimum time
of contact. By reducing the flow rate of the gas and thus in-
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creasing the time of contact, the formation of a larger amount
of tar took place with a corresponding increase in exothermic
heat. Under such conditions a temperature rise in the

chamber proper exceeding 100° C. was observed.

TasLe II. Expermvents AT EXTREME TEMPERATURES
Run 1 2 3 4 5 6
Material treated  Butane Butane Butane Propane Propane Propane
Temperature, ° C. 600 600 600 1050 1050 1050
Time of contact,

minutes 5 11 30 0.00015 0.0003 0.0005
Yields, weight %:

Volatile liquids 3 13 13 11.5 14.0 13.0

Density d3°  0.815 0.830 0.850 = o

Tar 0 (4) (5) 6.0 10.0 16.0
Analysis of gase-

ous products:®

N2 10.5 0.0 4.2 ohi

CO: 0.0 0.4 0.0 0.6

H2 BSRATY 4.8 7.2 33.9

CO 0.0 2.4 0.3 0.8

CH;y 30.0 24.0 56.9 35.8

CaHy 951

CaHe 7.7 43.4 15.5 0.0

CiHe . 14.8 . 52

CsHy 3.9

CiHs 4.0

CiHio 20.0

Unsaturated e 25.0 16.9 28.9

Total 100.0  100.0 100.0 100.0
% Free from liquid hydrocarbons; analyses calculated air-free.
ExPERIMENTS AT EXTREME TEMPERATURES. While the

vield of oils and the general course of the cracking reactions are
substantially the same within a wide temperature range,
certain differences are to be expected at different temperatures.
Table IT shows the results of experiments in which butane
(11 per cent isobutane) was cracked at 600° C., and propane
was cracked at 1050° C., using several times of contact for
each. The hydrogen concentration, in both the early and
later stages of oil formation, was much higher at the high
temperature than at the low one. This may be attributed to
the increase in the dissociation of the paraffins (especially
ethane) into olefin and hydrogen with increase in temperature.
The volatile oils formed at 600° C. increased in density as the
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9 || COMPOSITION OF GAS TREATED /
a3 METHANE 18,6% i
> PROPANE 44.7%
BUTANES 387%
100.0%
’I
g —1 |
==
r: ) 4 08
DURATION OF EXPOSURE TO CRACKING TEMPERATURE IN MINUTES

Ficure 4. Errect or TiMe oF Con-
TacT AT 850° C. oN YIELDS OF
VoratiLeE Liquins, TAr, AND CAR-
BON

time was prolonged, reaching 0.850 in 30 minutes, which is
only a little lower than the density of benzene. This indicates
that chiefly aromatics were formed even at this rather low
temperature. The liquid hydrocarbons formed at 1050° C.
(presumably aromatic) were not examined.

At 850° C. the primary decomposition was nearly complete
before the formation of liquid hydrocarbons from the olefins so
produced became appreciable (Table I). But since 1.;he
temperature coefficient of rate is higher for the former reaction
than the latter, it would be expected that at low temperatures
the formation of oils would get under way before the primary
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decomposition was complete. In the experiments at 600° C.
this effect is apparent. Table II, run 2, shows the formation
of a nearly maximum yield of volatile oils, while much ethane
and higher paraffins still survive. This is shown by the
analysis of the gases produced. The paraffins were determined
by combustion and calculated as methane and ethane. The
low apparent value of methane is due to the presence of
paraffins higher than ethane.

EFFECT OF PRESSURE

The cracking of an ethane-propane fraction of natural-gas
condensate under pressure to obtain aromatic hydrocarbons
has been studied by Davidson (4). Two reaction stages were
observed, but the interpretation was complicated by the fact
that the pressure and time factors were not separated. It

I s
\
g £XQTHE RANGE
H =
g RANGE \\
’\\
: =
,§_ COMPOSITION OF GAS TREATED
i METHANE 186 %
PROPANE 44.7%
ot i sumes Ja1m

~ 0% B3 B
DURATION OF EXPOSURE TO CRACKING TEMPERATURE IN MINUTES

Ficure 5. Errect oF TiMeE or ConTACT
- AT 850° C. oNn HEAT CONTENT

appeared desirable to conduct experiments in which the time
factor was varied independently. For this purpose, propane
of 99 per cent purity was cracked at one pressure (9.5
atmospheres) and 750° C., using several times of contact.
The method was the same as that used in the preceding
experiments except for modifications made in the apparatus
to permit the use of pressure. The cracking was conducted
in a silica tube of 6 mm. inside diameter. The tube was
fitted snugly into a chrome-steel tube, and the end was ce-
mented to the steel tube to prevent the passage of gas over
the steel surface. The propane was introduced under the
cylinder pressure into the tube, and the products were
withdrawn at the pressure of the system through a condenser
and electrical precipitator kept at a temperature of 0° C.
The clean gas issuing from the precipitator under pressure
was discharged at the desired constant rate from a needle
valye through a condenser immersed in an acetone-solid
carbon dioxide bath, and stored. At the end of the run the
volatile oil was distilled from the precipitator; and the gas,
volatile oil, and tar were separated in the usual way. In
calculating the time of contact, the pressure was taken into
account. Table III shows the results of three experiments
under pressure; one experiment (run 4) in which propane
was cracked at atmospheric pressure and a higher temperature
(850° C.) is included for comparison. In run 1 the time of
contact was not quite long enough to complete the primary
decomposition. The formation of liquid hydrocarbons did
not become marked until the primary decomposition was
nearly completed. Carbon appeared in significant amounts
when a considerable amount of tar had formed. In these
respects the results are analogous to those obtained at atmos-
pheric pressure (Table I). Since the rate of polymerization
is increased by pressure, it would be expected that the rate of
oil formation would be increased in this case. Such an effect
is not sufficiently marked to be shown by these few data.
The yield of volatile oils was about the same as that obtained
at atmospheric pressure. In the later stages of cracking,
much ethylene was tied up in the form of ethane. This
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should decrease its rate of conversion into oils and allow any
further yield increase to be offset by the conversion of volatile
oils into tar.

TaBLE III. CRACKING OF PROPANE UNDER PRESSURE

Run 1 2 3 4 5%
Temperature, © C. 750 750 750 850 750
Pressure, atmospheres 9.6 9.5 9.5 1.0 1.0
Time of contact, minutes 0.09 0.22 0.30 0.04 0.70
Vol. ratio exit gaseous
produoets to inlet gas 1.45 1.9 1.8 2.0 0.95
Yields, weight %:
Volatile oils 3.5 13.5 16.0 15.5 } 15
Tar 0 ) 1.0 8.0
Carbon 3, 5 1.4 e G2
Analysis of gaseous prod- b3
ucts, % by vol., air-
free:
CO: 0.08 0.2¢ 0.0¢ 0.8¢ ..b
H: 8.7 6.9 7.9 22.8 12.9
CO 0.6 1.7 0.0 1.3 15T
CHy 25.8 66.2 68.8 55.8 56.7
CaHq 13.5 I S A% 12.1
CyHe 11.3 13.6 14.3 (0.3) 3.7
CiHs b Eal ; A 15 0.9
CsHx 28.0 0.0
CiHs 0.6 0.0
CiHupo 0.7 0.0
Higher hydrocarbons 1.74 e i “o 0.0
Unsaturates S 11.4 9.0 19.0 (Ns) 12.
Total 100.0 100.0 100.0 100.0 100.0

% (3as used was obtained from cracking of butanein a previous experiment.
b Fractionation analysis.

¢ After removal of volatile oils; Orsat analysis.

d Higher hydrocarbons includes volatile oils.

The gas analyses show, by comparison with similar experi-
ments at atmospheric pressure and the same temperature, a
much higher ratio of ethane to ethylene. The reaction

CyHs = CH, + H:

is driven to the left by increase in pressure; and, because of
the comparative rapidity of the reaction, equilibrium is
approached. Calculating from the data of Pease and Durgan
(18) at 750° C.,

(C:Hy)(Ha) _

concentrations being expressed in atmospheres. Assuming
the unsaturates in the gas from run 3 to be only ethylene,
K = 0.50. Ethane, ethylene, and hydrogen were present in
nearly equilibrium proportions. For comparison an experi-
ment (run 5) is included in Table III in which another gas,
produced by the cracking of butane, was cracked again at the
same temperature but at atmospheric pressure. The calcu-
lated value of K.is 0.40, also in good agreement with the
equilibrium value. Where satisfactory ethane determina-
tions are available, the concentrations found are not far from
equilibrium values, provided that the cracking has proceeded
so far that the gas composition is changing slowly.

ConmposiTioN oF VoraTiLE O1rs

While the sequence of changes taking place during the
cracking of simple paraffins to produce aromatic oils is
affected little by temperature except in respect to velocity
over a wide temperature range, temperature no doubt has an
effect on the composition of oils formed at equivalent time-
temperatures, especially at the lower temperatures and in the
initial stages of their formation.

In order to obtain more detailed information about the
composition of the volatile oil, several experiments with
different flow rates were conducted at an intermediate
temperature, 850° C. (Table IV), under the conditions of
those reported in Table I, except that sufficient quantities of
gas were treated to furnish liquid products for a complete
analysis. For these experiments, butane containing 11 per
cent isobutane was pyrolyzed.
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Anavysis oF Liquip HyprocarBons. The liquid hydro-
carbons were condensed from the gas at —78° C. to insure
the condensation of the low-boiling hydrocarbons above
propane. The lower-boiling part of the tar was separated by
distillation and added to the volatile oil which was then
promptly subjected to a careful fractional distillation below
15° C. in a modified form of the column used for gas analysis.
The distillate was collected in the following fractions: pro-
pylene, butenes, pentenes, hexenes, benzene, benzene-toluene
intermediate fraction, toluene, toluene-xylene intermediate
fraction, xylene-styrene fraction, and tar. The condensate
obtained from run 2, for which the time of contact was short,
contained a high proportion of unsaturates and for this
reason was selected for an examination of the fractions as
follows:

To the butene fraction cooled in an acetone-solid carbon
dioxide bath was added dropwise a small excess of bromine.
After standing overnight at room temperature, the excess bromine
was removed and the bromides distilled at a pressure of 1 mm. of
mercury to a final temperature of 90° C. The residue svas identi-
fied as the tetrabromide of 1,3-butadiene by separating 50
per cent of it as the higher-melting isomer, melting at 118° C.
A separate portion of the butene fraction in the gaseous condition
was passed into 65 per cent sulfuric acid in the Orsat apparatus,
and E)und to consist chiefly of isobutene, which is absorbed more
readily than butadiene or the normal butenes in acid of this
concentration.

During the separation of the pentene fraction, a small propor-
tion, assumed to be pentenes, was observed to boil around 36° C.
and most of the remainder at a constant temperature of 42° C.
Both cyclopentadiene and piperylene boil at 42° C. The frac-
tion was shown to contain little but the former substance by
keeping it at room temperature for several days to permit poly-
merization of any cyclopentadiene, which J)roceeds much more
rapidly than in the case of the other pentadienes. The fraction
was then distilled. The distilling temperature rose immediately
to 170° C., the boiling point of the cyclopentadiene dimer.
Little distillate was obtained at a lower temperature, which in-
dicated that only small amounts of hydrocarbons other than
cyclopentadiene were present. The identity of this component
with cyclopentadiene was confirmed by condensing it with acetone
in the presence of sodium ethoxide according to Thiele (21).

The hexene fraction was found by bromination to contain
chiefly diolefins. A hydrocarbon was present which gave a con-
densation product with acetone. It was later separated in the
pure state from a quantity of benzene and found to boil at 72.7°
C. (760 mm.). This hydrocarbon is probably methylcyclo-
pentadiene. If passes over into the dimer quite rapidly at room
temperatures, but the rate is somewhat slower than that of
cyclopentadiene.

The benzene fraction was found to melt at 4.5° C. It con-
tained a small amount of unsaturates, estimated by bromine
titration.

The toluene fraction also contained a very small amount of
unsaturates. At afew degreesabove the boiling point of toluene, a
bright yellow hydrocarbon was obtained during the fractionation.
The quantity was too small for identification.

The xylene fraction contained chiefly xylenes, but a large pro-
portion of styrene was also present, as well as a small amount of
another yellow hydrocarbon not identified.

The analyses for the several runs at different flow rates are
shown in Table IV. In the early stages of benzene formation,
butadiene, and cyclopentadiene, as well as less abundant
higher unsaturates, are present in fairly large amount. With
prolonging of the reaction time, the proportion of these
diolefins decreases. They should be regarded as transient
in character, the rate at which they are destroyed exceeding
the rate of formation from gaseous olefins as the concentration
of the latter decreases.” The concentration of toluene also
decreases somewhat with increased reaction time. Benzene,
however, continues to increase up to the longest reaction time
used. A comparison with the data of Table I indicates that a
further increase in time would have decreased the yield of
volatile oils. While significant amounts of unsaturates of 4
and 5 carbon atoms per molecule were formed, very little of
the unsaturates were found in the boiling range of benzene
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and toluene. The tendency for larger hydrocarbon molecules
other than aromatics to survive is evidently small. Nearly
all the unsaturates occurring in benzene formed at this
temperature were diolefins, and of these the cyclopentadienes
were present in largest amount.

ErrEcT oF RAW MATERIAL CRACKED ON BENZENE YIELD

Since all the lower normal paraffins except methane de-
compose into smaller paraffins and olefins in a time much
shorter than that required for subsequent benzene formation,
it is evident, as has been pointed out by Hague and Wheeler
(10), that the optimum time-temperature conditions for
benzene formation should be nearly the same for all. The
lower olefins and other lower paraffins should also require the
same conditions. A high yield of methane is invariably
formed along with the aromatic hydrocarbons by reactions
involving the consumption of hydrogen, and no other paraffins
usually survive in significant amounts. Since the carbon
required to form methane is unavailable for the formation of
aromatic hydrocarbons, the yield of oils depends upon the
carbon not consumed in this way, and the carbon-hydrogen
ratio of hydrocarbon material to be converted into aromatic
oils may be used as an index of the yield to be expected.
Table V shows the results of experiments in which several
different hydrocarbons were cracked under conditions giving a
maximum weight per cent yield of volatile oils containing
little but benzene and toluene. Kthane (runs1 and 2) gave a
distinctly lower yield than propane (run 3). Ethylene (run 4)
gave a greater yield. The addition of hydrogen to propane
caused a marked decrease (run 5). Kerosene (run 7) gave a
slightly lower yield than would be expected from its hydrogen-
carbon ratio, but this should perhaps be expected in the case
of high molecular-weight hydrocarbons which are not wholly
converted into small molecules by the primary decomposition.

TasLE IV. CompositioN oF VoLATILE O1Ls FrRoM BUTANE AT
o

Run 1 2 3 4
Time of contaot, minutes .0015 0.015 0.04 0.065
Vol. ratio exit gaseous prod-

ucts to inlet gas .0 1.9 251 25
Yields, weight %:

Volatile oils 3

Tar 0
Analysis of gaseous prod-

Oucts, % by vol.:

H: 10.
CO 0.
CH, 23.
C:Hs 4.
CaHy 25,
CsHs 16
CsHs

CiHs

CiHio

Unsaturates

Total

Analysis of volatile oils,

weight %:

Propylene

Butenes

Butadiene

Pentenes

Cyclopentadiene

Hexadienes
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The properties of the tar varied with the material cracked.
The tars produced by the cracking of ethane, and of propane
plus hydrogen, were transparent, yellow-brown, and quite
fluid. The tar from ethylene was almost black and quite
viscous. This difference is probably due to a difference in
concentration of hydrogen, a high hydrogen content favoring
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the formation of a light tar, perhaps by destroying certain
components. _,

TasLe V. Yievo oF VorAtiLe Oms FrRom SEVERAL Hybpro-

CARBONS
Run 1 2 3 4 5 6 7
Material cracked CiHe CiHe C;Hs C:Hi CiHs Kero- Kero-

4 H: sene® sene®
Temperature, ° C. 850 850 850 725 850 850 0
Time of contact,
minutes 0.05 0.10 0.04 1.0 0.05 0.02 0.05
Vol. ratio exit
gaseous prod-
uets  to inlet
material 1.5 1.5 2.0 0:92 55 125 4.85 6.3b
Yields, weight %:
Volatile oils 10.5° 10.5 = 15.5 -23.5 9.5 16.5 19.0
Tar 3.0 Fa 8.0 18.5 6.0 22.0 32.0
Analysis of gase-
ous products,©
% by vol.:
2 (N2) 1.2 0.1 0.8 0.3 1.0¢ 0.0 0.2
H: 37.1 41.8 22:8 14.8 728 55227) 25.0
CO i 1.0 0.6 1.3 0.9 1.0 0.0 0.2
CHu 22.8 34.9 55.8 33.8 57.6 48.0 55.3
C:Hs 6.9 4.8 (0.3) 20.7 3.6 2.2 0
Unsaturates 31. 17.8 19:0 722976 = 29,0, 27.7 19.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

% From Midcontinent crude.

b Ratio of gas volume to vapor volume.

¢ Free from volatile oils.

d Calculated free from added hydrogen.
of equal volumes of propane and hydrogen.

The gas treated was a mixture

CONCLUSIONS

1. The cracking of the lower paraffins, with the exception
of methane, to produce benzene and toluene may be conducted
within the rather wide temperature range of 700° to 1050° C.,
provided that the correct time-temperature values are used.

2. The pyrolysis proceeds through a rapid endothermic
decomposition in which simple olefins are formed, which is
followed by a much slower exothermic reaction during which
the olefins are converted into aromatic hydrocarbons.

3. In the neighborhood of 850° C., butadiene and cyclo-
pentadiene are the chief low-boiling hydrocarbons formed,
other than the benzene and toluene which predominate in the
volatile oils.

4. The yield of benzene and toluene from the lower
paraffins and olefins increases with the carbon-hydrogen ratio.
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Thermal Decomposition of Alunite

S. C. OGBURN, JR., AND H. B. STERE, ISepartment of Chemical Engineering

LUNITE as a possible
A commercial raw material

for chemical industry
was brought into the field of ac-
tive investigation in 1912 when
Butler and Gale (2) published
results of their investigation of
the chemical and geological na-
ture of the alunite deposits
found near Marysvale, Utah.
A report by Waggaman (12) in
the same year discussed “Alunite
as a Source of Potash’” and
showed that potassium sulfate
could be leached from alunite
which had been calcined at about
700° C. Following these re-

The progressive slages of decomposilion of
Ulah alunile, effecled by healing the material
al constant lemperalures and over a lempera-
lure range from 100° to 850° C., have been
observed through the medium of chemical analy-
sis.  Combined waler is liberaled at 460° C.,
and complele decomposilion of the aluminum
sulfale lo form alumina results at 800° C.
Polassium sulfale s nol decomposed by healing
al this temperature and has been leached from
the calcined malerial and recovered as 99.26
per cent pure polassium sulfale. The residue
after leaching consists mainly of aluminum
oxide conlaining small amounls of silica, iron

, Bucknell University, Lewisburg, Pa.

Cameron and Cullen (4) ob-
tain potassium alum by diges-
tion of the ore with sulfuric acid
at 110° C., and recover the
product in a way similar to the
process of Tilley.

Detwiller (9) prepares a nitric
acid solution of the alumina and
potassium while the silica re-
mains insoluble. Soluble
nitrates and sulfates are re-
covered.

Blough and MecIntosh (1) sin-
ter a mixture of finely ground
alunite and sodium chloride at
800° C. and leach out soluble
salts, after which the sodium sul-

ports, several patents were issued oxide, and magnesia.
on methods of recovering potash
and other compounds from alunite.

A process by Tilley (11) recovers the potash as potash alum
by digesting the crushed ore with sulfuric acid at 90° C. for
24 to 48 hours. The undissolved ore residue is converted to
aluminum sulfate by roasting, and is recovered as such.
Moldenke (10) has proposed a similar treatment, except that
calcination is carried out in steps in a circulating atmosphere
of sulfur dioxide and oxygen.

Chappell (7) treats the alunite with sulfuric acid and, after
precipitating the aluminum as hydrate with ammonium
hydroxide, produces mixed sulfates of ammonium and
potassium to be used for fertilizer. In other patents (5, 6)
he recommends slow calcination at 750° to 1000° C. in a
strong current of air, and calcination in two steps, first at
600° C. and finally at 900° to 1000° C., after which the hot
material is dumped into water to leach out potassium sulfate.

fate and insoluble alumina are
heated together at temperatures
less than 1500° C. to form soluble sodium aluminate.
Although the greater number of patents include decomposi-
tion of the ore by heating, no literature has been found to
show either the rate or completeness of decomposition at
given temperatures.
The work presented herewith was done to determine by
means of chemical analyses the course of the thermal de-
composition of Marysvale alunite.

CHEMICAL NATURE OF ALUNITE

Alunite is a naturally occurring, hydrated double sulfate of
aluminum and potassium of the approximate composition
represented by K.0:3A1:05-4503-6H,0. Impurities, such as
silica and salts of iron, magnesium, and sodium, are usually
present in small and varying amounts.

I'aBLE I.  ANALYSES OF ALUNITE FROM VARIOUS SOURCES
Source 8i0: AlO; SOs K:0 Na:0 Fe:0s MgO H.0¢ H,0b
% % %o % % %o % % ¥3
Theoretical (8) 7 37.0 38.6 11.4 75 S 13.0
Marysvale, Utah¢ 0.95 38.38 35.52 10.21 0.56 0.13 0.84 0.14 13.02
Marysvale, Utah (2) & 0.22 37.18 38.34 10.46 0.33 Trace 58 0.09 12.90
Marysvale, Utah (2) 5,28 34.30 36.54 9.71 0.56 Trace s 0.11 13.08
Rico Mts,, Colo. (2) s 2.54 42.35 35.24 3.27 4.02 0.13 11.99
Rico Mts., Colo, (2) 1.79 37.66 37.92 6.77 2112 $6i 0.38 0.06 13.03
Silverton, 'Colo, (2 0.50 39.03 38.93 4.26 4.14 S als 2 13.35a
Tres Cerntos Calif. (2) 2.64 38.05 38.50 4.48 2:78 0.23 Trace Nil 11.92

¢ Water removed at 105° C.
b Water of combination removed at 460° C,
¢ Alunite used in this investigation.

Cameron (3) calcines the ore at 500° C., causing a re-
stricted evolution of sulfur oxides. The soluble aluminum
compounds are leached and alum separated. The latter is
then calcined at 750° C., forming potassium sulfate and
alumina, which is digested with hot water to yield a solution
of the potash salt.

Table I shows the composition of representative samples of
raw alunite from different localities and from different mines
in the same locality.

The natural product is practically insoluble in water, but,
after calcination at temperatures which produce partxal
decomposition of the original structure, potassium sulfate and
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aluminum sulfate may be leached from the material. From a
consideration of the analysis of alunite used in this work, it is
to be noted that there is an insufficient amount of SO; present:
to combine with all of the alumina, potassium oxide, and
sodium oxide to form sulfates. Hence it would not be possible
to recover all of these oxides as sulfates without addition of
sulfuric acid or its equivalent in SO;. Since the interest in
this investigation was centered on the thermal changes, such
possible intermediate products were not investigated.

Errect oF TEMPERATURE ON EXTENT 0F DECOMPOSITION

A study of the thermal decomposition of alunite must
necessarily include both the effect of temperature of calcina-
tion and the time of heating at selected temperatures. Uni-
formity of sampling and careful temperature control are
recognized prerequisites.
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Ficure 1.

Curve 1.
Curve II.

The material used in this work was crushed to pass a 40-
mesh sieve. The calcination was effected in an electric muffle
furnace with variable temperature control actuated by a
platinum-platinum rhodium thermocouple as the thermo-unit.
The accuracy of control was =8° C. at 1000° C.

To determine the effect of the temperature of caleination,
duplicate samples of 1.0000 gram of alunite were weighed into
platinum crucibles and placed in the furnace in which the
temperature was maintained constant. The samples were
removed periodically, cooled in desiccators, and weighed
quickly. Heating was continued until no further loss in
weight of the samples was noted. In this manner the total
volatile matter removed from alunite at definite temperatures
between 110° and 780° C. was determined. New samples
were used for each temperature of calcination studied.

—
S

5
\

[
o

7

Per Cent Water Removed

LC R R LR « o)

4 8 12 16 20

Time of Heating - Hours
Ficure 2. BRaTe oF REMOVAL OF
WATER AT 460° C.

0

These calcined samples were analyzed for SO; content,
since, in the temperature ranges used, SO; and water are the
major volatile constituents. The percentage of SO; removed
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from the material and the percentage of volatile matter at
given temperatures are shown in Figure 1.

The decomposition of alunite is accomplished in two stages,
the first being approximately completed at 460° C. with
complete removal of water of combination; the second stage
is approximately completed by heating to 800° C., at which
temperature oxides of sulfur are removed. Analyses of the
evolved gases in this latter stage of decomposition have shown
approximately 90 per cent SO; and 10 per cent SO..

RATE oF DECOMPOSITION AT CONSTANT TEMPERATURES

To study the rate of removal of combined water near the
end of the first stage of decomposition, duplicate samples
were heated at a constant temperature of 460° C. The
samples were weighed at regular intervals, and the percentage
of water removed was calculated. The time rate of removal
of water under these conditions is shown diagrammatically in
Figure 2.

Water was liberated continuously as the time of heating was
increased, until ultimately the entire six molecules of
combined water were removed. Since removal of water is so
regular, it is evident that no intermediate hydrates form
during calcination of the alunite. Curve I (Figure 1) and
Figure 2 both show this regularity in decomposition.
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Ficure 3. Rate or ReEmovAL or SO; AT
805° C.,

The rate of decomposition of a 1-inch bed of alunite has
been determined by heating the material at a constant
temperature of 805° C. and removing samples at definite time
intervals. These samples were analyzed and the percentage
of SO; removed over a period of 4 hours was computed. The
rate of removal of SO; under these conditions is shown in
Figure 3.

After 4 hours of heating, the SO; remaining (16.78 per cent)
was slightly in excess of that required for combination with
the potassium oxide and sodium oxide present to form sulfates.
Later experiments conducted on a larger scale have confirmed
these data and show that prolonged heating is essential to
complete decomposition of the aluminum sulfate when the

‘material is heated in a stationary bed.

It is seen from Figure 3 that decomposition of a 1-inch bed
of alunite is practically completed in 4 hours of heating at
805° C. To determine the nature of the compounds remain-
ing after such treatment and the possibility of recovering
potassium sulfate from the calcined material, it was necessary
to prepare a larger quantity than previously used in these
studies.

About 12 pounds of calcined material were prepared by heat-
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ing several lots of —40-mesh alunite at a temperature of about
850° C. The alunite was heated for 8 hours in fire-clay muffles
supported in a coal-fired furnace. The increased period of
heating was necessitated because of the thicker bed of
material which was being calcined. In a later experiment, by
the use of an electrically heated rotary calcining furnace, the
time required to reduce the percentage of SOj; in the raw ore to
the value of 16.78 per cent, as mentioned above, was found to
be less than 1 hour.

“Dorpp” KerrLe EquippEp wita “LigHTNIN’

Ficure 4.
Hige-Speep AcitaTor For Leacming Carcivep ORE 1N
RECOVERY OF PoTASSIUM SULFATE

The several lots were thoroughly mixed, and a representa-
tive sample of the whole was reserved for analysis. Ten
pounds of the remainder were mixed with sufficient water to
make a sludge of approximately 5 per cent solids. This slurry
was heated to approximately 90° C. and agitated for 2 hours
in a steam-jacketed kettle. The mixture was then filtered
through a pressure filter of the leaf type, the cake was washed
thoroughly with hot water, and filtrate and washings were
returned to the steam-jacketed kettle to be evaporated to
crystallize the potassium and sodium sulfates. The filter
cake was removed from the press, dried at 110° C., and broken
up; a representative sample was retained for analysis.

The analysis of the calcined alunite both before and after
leaching with water are shown in Table IT together with the
analysis of the raw ore.

TasrLe II. Ax~AvLyses oF Propucts

CALCINED ALUNITE

CoxsTITUENTS RAW ALUNITE Unleached Leached
: % % %
5102 0.95 1.29 2,30
AlOs 38.38 63 28 92.40
Fe:0s 0.13 2.73
S0s 35.52 16 31 0.43
K20 10.21 14,89 0.50

Na:0 0.56 0.89 Nil
MgO 0.84 1.08 2.03
H:0 — .14 s b
H:0+4 13.02
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In the case of the calcined alunite before leaching, it is seen
that the SO; present is about 2.5 per cent in excess of the
amount necessary to combine with the potassium oxide and
sodium oxide present. This indicates the presence of a small
amount of undecomposed aluminum sulfate. This excess is
not apparent after leaching; it is believed therefore that a
small amount of potassium sulfate has remained in the residue,
but that any undecomposed aluminum sulfate has been dis-
solved out.

RECOVERY OF POTASSIUM SULFATE

After the filtrate and washings had been evaporated to a
volume of about 1 gallon, the crystals were separated from
the mother liquor by filtering through paper supported by
large glass funnels. The crystals obtained in this manner
were contaminated with a small amount of iron from the
evaporating kettle; they were therefore dissolved in the least
possible amount of hot water in large glass beakers, filtered
while hot to remove the insoluble ferric hydrate, and re-
crystallized by evaporation. The crystals were recovered,
washed once with cold water, and dried at 110° C. They
were then pulverized, and a representative sample was retained
and analyzed for potassium oxide with H,PtCls according to
standard procedures. A mean of three determinations showed
the recrystallized salt to be 99.26 per cent potassium sulfate.
The total potassium sulfate recovered represents 97.0 per cent
of the theoretical potassium sulfate content of the calcined
ore.

CONCLUSIONS

1. The thermal decomposition of alunite begins at 430° C.
with the liberation of water of combination.

2. No intermediate hydrates are formed during dehydra-
tion.

3. At temperatures of 575° to 800° C. the aluminum
sulfate is decomposed, while potassium and sodium sulfates
remain as such. At the higher temperature, decomposition
of the aluminum salt is practically complete.

4. A good grade (99.3 per cent) of potassium sulfate can be
obtained by leaching the residue after calcining at about
800° C.

5. The purity of the alumina res1due after leaching out
soluble salts was found to be 92.40 per cent with 2.30 per
cent silica, 2.73 per cent iron oxide, 2.03 per cent magnesia,
and small amounts of potassium oxide and SO;.
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Physical and Thermal Properties of

Petroleum Distillates

W. H. Banike anp W. B. Kay, Research Laboratory, Standard Oil Company (Indiana), Whiting, Ind.

CCURATE data on the
A physical and thermal
properties of petroleum
hydrocarbon mixtures, extend-
ing over a wide range of tem-
peratures and pressures, are de-
sirable as an aid in the develop-
ment of petroleum-refining
operations. Data of this charac-
ter are especially useful in the
development of cracking proc-
esses. Although such data are
extremely useful, the literature
contains only meager informa-
tion relative to the properties of
petroleum mixtures at high tem-
perature and pressure. The
usual practice in petroleum re-
fining has been, whenever such
data were needed, to assume cer-
tain values which were estimated
from the properties of pure hy-
drocarbons. Insufficient proof of
the justification and limitations
of these assumptions exists.
In view of the paucity of
data in this field, the present
authors initiated a program of

The P-V-T relationships of two light-petroleum
fractions—one a commercial gasoline and the
other a rather narrow boiling-range naphtha—
have been determined experimenlally over a wide
range of conditions, exlending from near at-
mospheric pressure lo well beyond the critical
region.

The complete P-V-T data on these two miztures
are given. Comparison with the properties of
pure hydrocarbons is made, and methods of
correlation are indicaled.

This investigation has shown that the P-V-T
relationships of petroleum hydrocarbon miztures
are similar in all respects lo those of binary
mizlures heretofore investigated.

From these physical dala the thermal properties
of one of the miztures was calculaled thermo-
dynamically, making use of an equalion of stale
developed for the superheated vapor region. Com-
bining the properties calculaled and previously
published dala on the specific heat of the liquid
and vapor al almospheric pressure, a total heat
temperature chart is presented.

3. Latentheats of vaporization.
4. Total heats as a function of
pressure and temperature.

METHOD OF DETERMINATION OF
PrYsICAL PROPERTIES

For determining the pressure-
volume-temperature-state rela-
tionships, a small sample of the
air-free liquid was confined over
mercury in a thick-walled capil-
lary tube which was heated to
a constant temperature by the
vapors of a series of pure organic
compounds. The capillary tube
communicated with a mercury-
filled compressor for regulating
the pressure on the sample and
with a gas manometer for meas-
uring the pressure. The tube
had been carefully calibrated so
that it was possible to' measure
the total volume occupied by the
sample as well as the volume of
the separate phases present.
Equilibrium between the liquid
and vapor phases was assured
by stirring with an electro-
magnet stirrer. Observations

research in this laboratory

which, it was believed, would establish the general behavior of
complex hydrocarbon mixtures and ultimately lead to the
possibility of readily estimating the properties of petroleum
fractions. This program contemplated the measurement of
physical properties of a number of fractions and the general
correlation of these properties with one another as well as
with other more easily determined properties of the fractions,
such as A.S. T. M. boiling range, specific gravity, and molecular
weight. Further, it was proposed to calculate thermal
properties from physical properties and obtain a similar
correlation. The development of means of ready measure-
ment of some of these properties, for cases where very precise
data in the high pressure-high temperature region are re-
quired, was also included in the program.

This paper presents some of the data obtained in this pro-
gram. It gives data on the physical properties of two
petroleum fractions—one a commercial gasoline and the
other a rather narrow boiling-range naphtha. These two
distillates were chosen because they have approximately the
same A.P.I. gravity and molecular weight, but markedly
different boiling ranges with nearly the same average boiling
point. The methods and results of determination of the
pressure-volume-temperature-state relationships over a wide
range of conditions are given. The behavior around the
critical region were rather closely studied, and the results
are given. Further, the methods and results of calculations
of the following thermal properties of the naphtha are given:

1. Difference in specific heats at constant pressure and
constant volume as a function of pressure and temperature.

2. Joule-Thomson coefficients as a function of pressure and
temperature.

of the pressure and volume of liquid and vapor phases at a
constant temperature were made for a number of temperatures
and covering a range of total volumes, extending from the
volume occupied by the compressed-liquid phase to that by
the expanded-vapor phase.

AprparaTUS. The apparatus for determination of the P-V-T
relationships was a modification of that employed by Sydney
Young and is shown in Figure 1.

It consisted of the long steel compressor block, 4, securely
fastened in a horizontal position with three vertical branches at
right angles to it. The block, 4, was fitted with a section, B,
through which the plunger, D, passed, a pressure-tight joint
being insured by the stuffing box, C. One end of the plunger
was threaded and held in a correspondingly threaded section
of B. It could be turned by means of the hand wheel, F, and
thus permitted the volume of the space, E, which was filled
with mercury, to be changed at will.

Each of the vertical branches was fitted with a stuffing box
through which passed a thick-walled capillary tube. The tube
was held in position by an enlargement, G, which rested on
rubber washers against the loose-fitting steel ring, H. The
packing of the stuffing box consisted of a perforated cylindrical
rubber stopper I which was forced around the tube by the gland
J, by screwing down the cap, K. The compressor was immerse
in a water bath whose temgerature near that of the room was
held constant to within 0.02° F. (0.01° C.).

The liquid under investigation was confined over mercury in
the experimental tube, L, which was constructed of Pyrex
capillary tubing of about 1.5 mm. bore with an intermediate
section of 4 mm. bore. The tube was carefully calibrated, and
the volume from the sealed end was expressed in terms of the
distance from a reference line etched around the tube near
the sealed end. This distance was measured to 0.05 mm. by
means of a cathetometer.

To bring about equilibrium quickly between the liquid and
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vapor phases of the sample, the experimental tube was provided
with a stirrer, consisting of a small rod of soft iron about 0.75
inch (1.9 em.) long and of dumb-bell shape. Thestirrer wasmoved
by means of an electromagnet outside the apparatus.

In calculating the volume of the liquid and vapor phases of
the sample from the experimental data, the following factors
were taken into account: the volume of the mercury and
liquid menisei; the thermal expansion of the tube; and the
volume of the iron stirrer. .

The experimental tube, surrounded by the jacket, O, was

heated to a constant temperature by the vapors of a series of
pure organic liquids whose boiling points lay within the tem-
perature range desired. By boiling the liquid under reduced
pressure, a 70° F. (38.9° C.) range of temperatures, constant
to within 0.02° F. (0.01° C.), was obtained with a single liquid.
The liquids recommended by Young (?) were used. The tem-
perature of the vapor bath (that is, the temperature to which
the experimental tube was heated) was measured by a copper-
constantan thermocouple, 7', inside a thin-walled glass tube,
projecting into the vapor bath (as shown) to a point just above
the experimental tube. To prevent the cold liquid condensate
fromi running back on the couple, which would thereby give
too low temperature readings, and also to shield the couple
from radiation from the eclectric heater (not shown) surrounding
the jacket, a bell-shaped metal guard, U, with several holes
drilled through the side near the top, was placed over the end
of the couple. The couple was calibrated using the standard
temperatures of the boiling points of water, aniline, naphthalene,
benzophenone, and sulfur. Melting ice served to maintain a
constant cold junction temperature, and a Leeds and Northrup
type K potentiometer measuring to 0.001 myv. was used for the
e. m. f. measurements.

The pressure was measured by means of the two gas manome-
ters, M and N. The internal diameter of M (1 mm. bore),
which served for the measurement of moderate pressures, was
the same throughout. N, which served to measure high pres-
sures, was provided with a reservoir of relatively large capacity
at the open end. Both tubes were carefully calibrated and filled
with pure nitrogen. The gas constant for:the low-pressure
manometer was determined by comparing it with a direct
column of mercury in a tube of about 1.5 meters in height,
which temporarily replaced the experimental tube. This tube
was later replacex by a glass rod, and the constant for the high-
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pressure manometer determined by taking readings simultane-
ously on both manometers. The pressure as determined by the
manometer was corrected: for the difference in level of the
mercury (corrected to standard temperature) in the experi-
mental tube and manometer; for the pressure of the column
of unvaporized liquid; for capillarity and the vapor pressure
of mercury when necessary; and for the deviation of nitrogen
(in the manometer) from Boyle's law.

PREPARATION OF SAMPLE

REMOVAL OF MATERIAL REACTIVE WITH MERCURY.
Petroleum distillates, even though rather highly refined,
contain compounds which react with mercury and cause a
finely divided precipitate to settle out. These compounds
were removed by first shaking the sample with mercury at
room temperature and finally by vaporizing in contact with
mercury vapor at 675° F. (357.2° C.).

REMOVAL oF WATER. The sample was dried by standing
over metallic sodium for several days or in contact with P.O;
for about half an hour.

RemovaL or Air. The general plan of deaérating the
sample without changing its composition appreciably was to
reflux it for some time under high vacuum with the tempera-
ture of the condenser such as to condense the more volatile
hydrocarbon vapors but permit the exit of the air and other
noncondensable gases. The apparatus for removing the air
and filling the experimental tube with an air-free sample is
shown in Figure 2.

U

A high-vacuum mercury diffusion pump, A, was backed by
a Cenco-Hy-Vac oil pump. The pressure in the apparatus
was measured by the MacLeod gage, B, capable of measuring
less than 107° mm. mercury pressure. The sample (about
175 to 200 ce.) in C was introduced through the mercury-sealed
stopcock, D, and stood over the mercury in the boiler, . This
stopcock contained no lubrieant and was prevented from sticking
by filling the lower compartment of the sheath with mercury.
The height of the mercury in the boiler, E, was regulated by
the pressure over the mercury in the vessel, . The by-pass
tube, G, a small section of which was wrapped with electrical
heating wire, served as a thermotirculator for the liquid sample
as well as to cause gentle boiling. The hydrocarbon vapors,
together with the air, passed to the condensers, H and I, where
the vapors were condensed and returned to boiler E while the
air and noncondensable gas were removed from the system
through the vacuum pump. Condenser H was cooled with a
mixture of carbon dioxide snow and acetone; I was cooled
with the same mixture or with liquid air, as the volatility of the
sample demanded. The sample was refluxed at a pressure of
0.001 to 0.0001 mm. for about 6 hours which, experience showed,
was sufficient to remove all dissolved air.

Frouing TuBe witH Amr-FrRee Sampre. When the sample
had been sufficiently degassed, stopcocks J, K, and L were
closed; and, as soon as the condensers warmed up to near
room temperature, the sample was forced up through the con-
densers several times by controlling the pressure in vessel F,



March, 1932 INDUSTRIAL

VOLUME  CC.PER GRAM
600 15 Z5 B 40 G
\\ ; ! | 1 "Jeo
550 \l\ - -
STRIT (356.3'C) o =
00| \ B450°F (3405°0)
: : 2
ol \(\\\&— 6220"F (321.8[C) EIG.3
\\\\\;( ISOTHERMS
OF
3.2°F (31L8') GASOLINE -
e 555 F 30760
Q \ STLS'F (29a7°C)
Z 39 \ 5541°F (200.°C) =
g 28080 5
@m @69.2°9 = 20%
gz 672,2'F (355.6/C) Ei
o] 6428 'F (330970
W QF 3265%) —{8
P AN 7
& n
: \ el
150} x\\
\\ s
g e~
\ \\
50| \\" =
4 A 0 Jo

o4 0.6 o8
VOLUME CU FT.: PER LB

in order to flush out the more volatile constituents which had
adhered to the walls. Likewise, the line from the condenser
through the U-tube, M, to the compartment, O, surrounding
the experimental tube, was flushed out several times by small
quantities of the degassed liquid which was discarded to the
vessel, @, through the stopcock, P. Stopcock P was then
closed and the liquid allowed to cover the end of the experi-
mental tube, R, which was held in an inverted position in com-
partment O by a tight-fitting rubber stopper. The stopper
was covered with a layer of mercury and made vacuum-tight
by a mercury seal.

In order to introduce the desired quantity of liquid into the
experimental tube, a very narrow hair-like capillary, S, was drawn
and inserted in the tube to the point 7', about 3.5 cm. from the
end. This capillary tube was held in a fixed position by an
offset, V, near the top. The top projected into the compart-
ment, W, which was connected to O through a mercury-sealed
ground joint. When the liquid sample covered the end of the
experimental tube, the liquid flowed in and completely filled
the tube. Mercury was then introduced from X until the end
of the tube was covered, when, by gently tapping the tube, the
mercury entered and displaced all of the liquid sample except
that below the end of the small capillary. %‘he apparatus was
then brought to atmospheric pressure, section W removed, and
the capillary withdrawn while the end of the tube was still
covered with mercury. The experimental tube was then re-
moved from the apparatus, the end firmly closed with the
finger, and the tube turned up in the compressor at an angle
of about 45° with the open end under mercury. Any air that
might have been trapped in the open end was forced out by
carefully warming the sample until it suddenly expanded.
The tube was then fixed in place in the compressor.

The weight of liquid in the tube was determined from the
volume as measured with the cathetometer and the density as
determined on a portion of the air-free sample in a pyenometer.

Resuvrts oF PHYSICAL MEASUREMENTS

The A. P. I. gravity, A. S. T. M. distillation, and average
molecular weight (determined by freezing-point lowering of
benzene) of the two distillates as determined on the de-
aérated samples are given in Table I.

A number of isotherms were determined experimentally,
covering a range from near atmospheric conditions to above
the critical region. These data are given in Tables II and III.
In the determinations, particular attention was paid to the
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phenomena occurring in the critical region. Thus the proper-*

ties in this region were determined to be as given in Table I'V.
Tapre I.  PuysicAL MEASUREMENTS OF DISTILLATES

A. 8. T. M. DISTILLATION——

Mot A PiI Tt

Wr. Giav. tial 10 20 30 40 50 60 70 80 90 Max
of Op Op Cp Of OF Op OF OF OF O
08 149 101 230 260 282 302 325 348 371 414
211 230 238 245 252 258 264 272 282 295 326

Gasoline 109
Naphtha 110

57.3
57.1

The isotherms are shown in Figures 3 and 4, and the data
are presented in somewhat different form in Figure 5. Refer-
ring to Figure 5, it is notable that the boiling line increases
regularly with pressure and temperature, whereas the dew line
passes through both a maximum of temperature (termed

[ BG5S i
800 BORDER CL,QA/rES & ISOCHORS — L
GASOLUNE AND NAPH'!T-!A_
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“point of maximum temperature’”) and a maximum of pres-
sure in the region of the critical point. This is particularly
evident from an examination of the data for the gasoline.
The dew line and boiling line meet at the eritical point. At
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the critical point the properties of the saturated liquid and
saturated vapor are identical. At any P-T intersection,
within the area bounded by the dew line and boiling line, two
phases—Iliquid and vapor—exist (Figure 5); outside this area
one phase exists, the theoretical dividing line between liquid
and vapor rising vertically from the critical point where the
dew line and boiling line meet. The phenomenon of retro-
grade condensation of the first kind takes place between the
critical temperature and the point of maximum temperature.
Thus, when raising the pressure from a point of low pressure
at any temperature between these two, a liquid phase appears

0]
POINT OF MAXIMUM TEMPERATURE OF CASOLINE
PONT OF MAXIMUM TEMPERATURE OF NAPHTHA
¥ T N TICAL PONT OF NAPHTHA
,‘,- e \ CRITICAL. POINT OF GASOLINE 300
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at the lower intersection of the dew line; and, on further
compression, the volume of this phase first increases, then
decreases, and finally disappears at the upper intersection of
the dew line. At the critical temperature, condensation
proceeds in a normal fashion as the pressure is increased
until, when the system is just completely condensed, it
suddenly vaporizes. At the critical point and in the region of
retrograde condensation, opalescence occurs on change of
state.

On changing conditions of the system at pressures below
the maximum pressure of the dew line, the phases are readily
identified according to the known starting point and the
changes which occur in the system. At pressures higher than
the maximum of the dew line, however, the identification of
the phases must be made from knowledge of what occurs at
lower pressures. Thus on heating from a low to a high
temperature at pressures higher than the maximum of the
dew line, no evidence of transition from one state to another is
observed when passing through the critical temperature.
Visually the system behaves as if no change in state occurs at
any point when heating under these high-pressure conditions,
and naming the phase is really a matter of definition.

The behavior of these complex hydrocarbon systems is,
in general, similar to that characteristic of the simpler binary
systems (excluding systems which form constant-boiling
mixtures in the critical region) which have heretofore been
investigated (3). However, the distinct narrowing of the
region of retrograde condensation for the naphtha of narrow
boiling range, as compared with that for the gasoline of wider
boiling range, is noteworthy. ~

The causes of retrograde condensation, such as is character-
istic of these two hydrocarbon systems, may at first appear
obscure. For this reason the authors present the following
explanation based on a study of the data of Caubet (3) on
binary mixtures: Caubet has shown that for mixtures of
normal liquids the critical temperature lies between that of
the higher-boiling and that of the lower-boiling component.

TasLe II. IsorHERMS OF NAPHTHA

3]
1
o g a
¢ o
o & [A )
B e el 5
@ 3@ s, 2
B e :
TEMP. o [ Y TEMP, -
ek Atm. Cc./gram 2% C: Atm.
155.3 2.18 78.880 0.42 259.8 5.86
(311.5°F.) 2.24 69.266 0.46 (499.6°F.) 7.81
2.31 58.077 0.55 10.23
2.40 45.218 0.64 11.82
2.52 29,132 0.77 12.45
2.69 12.042 0.91 13.01
2.81 3.274 0.98 13.63
2.85 1.599 1.00 iz.gg
183.3 3.56 75.645 b 14.50
(362.0° F.) 3.72 65.030 b 15.85
3.00 51.248 0.31 15.99
4.16 34.182 0.55 16.27
4.47 16.956 0.78 18012
4.81 '3.964 0.97 10.79
4.82 3.553 0.98 22.79
4.85 2.812 0.99 26.72
4.92 1.686 1.00
5.28 1.686 G 280.7 6.34
6.51 1.686 .. (537.2°F.) 7.58
8.64 1.662 oo 1?.%2
194.3 3.85 79.196 .. 13.58
(381.8°F.) 4.00 75.778 .. 14,99
4.12 72,911 .. 16.55
4.32 68.655 b 17.52
4.34 67.572 b 17.92
4.39 64.757 b 18.44
4.46 60.825 b 18.65
471 46.370 0.28 19.10
4.83 39.491 0.37 20.73
4.93 34.419 0.47 20.97
5.07 27.768 0.59 21.40
5.21 21.859 0.67 24.07
5.51 11.089 0.84 28,24
5.78 3.905 0.96
5.84 2.6458 0.99 208.8 6.10
5.92 1.726 1.00 (569.9°F.) 7.20
6.44 1.724 .. 8.83
8.66 1.721 11.99
13.86 1.717 14.24
25.58 1.703 %g.;g
218.0 4.00 79.128 25.42
(424.4°F.) 4.39 73.257 25.67
4.58 69.874 2612
4.80 64.908 26,10
5.14 61.256 28.11
5.41 57.713 30.53
5.77 53.320 33.06
6.18 49.297 -
6.73 44.089 . 307.1 6.45
6.78 43.447 b (584.8°F.) 7.72
6.85 41,802 b 9.98
6.94 39.300 b 12.48
7.11 34.538 0.20 17.65
7.28 29.738 0.29 22.41
7.49 24.353 0.40 28.36
7.70 19.189 0.54 28.63
7.45. 14.038 0.69 28.81
8.56 3.715 0.95 30.02
8.65 2.734 0.98 32.75
S76 Tad 100 b
s 6 %
3 310.5 18.71
13:00 1iswe .. (G90.9°F) 2283
17.96  1.809 b
21,27  1.802 29 55
26.64 1.795 2
242.7 6.69 48.588 .
(468.9°F.) 7.58 41.828 .. 20.65
8.22 37.831 5 29.94
8.79 34.749 .. 30.51
9.29 32.249 .. 32.04
L
3 > 311.7 24.1
10.57 24.600 b °
10,82 20.981 0.25  (893.0°F.) 29.69
10.99 18.618 0.33
11.23 15.905 0.42 29.85
11.32 14.380 0.49 30,00
12.37 3.825 0.92 30.43
12.48  3.043 0.05 31.35
12,66 1.949 1,00 33°89
14,30 1.944 . :
17,659 . 1.935 .. 317.4 6.31
20.59 1.926 e (603.2°F.) 7.86
26.61- 1.907 o 10.21
12.17
15.82
23.68
32.26
36.02
41.76

2 V. L. = volume of liquid.

b Liquid phase too small in amount to be measured.
¢ Liquid present but not measurable,

4 Minute trace of liquid on mercury meniscus.
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) g!.‘, | 4 g & ==
TEMP. e (17 R TEMP. [H Ha
L3 {6, Atm. Ce./gram - Ci Atm. Ce./gram
183.2 3.63 59.257 o 235.1 7.00 47.674 0
(361.8°F.) 3.97 b51.344 0.35 (445.2° F.) 7.21 45.408 b
4.40 42.332 0.47 7.45 42.641 b
4.80 33.933 0.54 8.23 35.307 b
5.30 27.280 0.59 9.08 29.020 0.22
6.23 19.158 0.66 10.04 23.195 0.31
7.15 13.157 0.78 11.32 17.540 0.42
9.89 3.578 0.94 13.22 12,046 0.58
10.19 3.009 0.96 18.46 3.556 0.89
11.00 1.702 1.00 19.20 2.891 0,94
12,95  1.702 455 22’832 iggg 1.00
216.9 .99 60.890 b iy . LR
(422.5°F.) 6.343 41.909 0.19 26,25 1.929
.28 31.805 0.32 257.2 6.13 59.375
9.13 19.037 0.51 (495. 0°F) 6.38 56.961 s
11.08 11.391 0.68 .71 53.899
15.22  3.397 0.92 7.01 51.564
16.82 2.749 0.96 7.31 49.112
16.83 1.840 1.00 7.58 47.055 033
19.49 1.836 = 7.85 45.162 647
29.59 1.825 ggg %g%gi bl
227.7° 5.52 61.674 . . . .
(441.8°F.) 5.68 59.831 . 9.86 34.324 ..
5.85 57.775 10.34 32.340 S
6.03 55.240 . 10.80 30.280 0
6.18 52.991 .. 10.84 29.986 b
6.25 52.344 0 12.90 21.400 0.16
6.43 49.884 b 16.08 12.370 0.43
6.86 44.202 b 22.95 3.579 0.88
7.53 37.936 0.16 24.02 2.867 0.93
8.10 31.649 0.24 25.38  2.103 1.00
8.61 27.763 0.29 28.47  2.078 ..
9.25 23.740 0.37 32.13  2.058 .
10.33 18.202 0.48 269.2 6.34 59.280 i3
12.29° 12.025 0.62 (516.5°F.) 7.07 52.850 o5
16.95 3.5590 0.91 8.00 46.161
17.60 2.818 0.95 9.23 39.202
18.78 1.8909 1.00 10.55 34.109
20.26  1.895 S 11.52 30.049
22,06 1.890 ity 1%.25 2;.820 i
235.1 5.84 61.604 13.01 25.659 ..
(455.2°F.) 5.85 59.190 13.11 25.115 +0
6.04 57.079 13.23 24,731 b
6.32 54.227 o 14.36 20.966 b
6.50 52.566 & 15.70 17.056 0.17
el 16:41 1539 034
.93 48. 2 & s
2 Sz 25.74 3.548 0.83

@ V. L. = volume of liquid.
b Liquid too small in amount to measure.
¢ Mercury meniscus was in an irregular section of the tube, and total
volume of tube had not been cullbrateg at this point.

d Trace of liquid present. With increase in pressure, quantity of liquid
at first increased, reached a maximum, and then decreased until at suc-
ceeding reading no liquid was present. Temperature was too unsteady
to measure volume of liquids.

Moreover, the critical temperature of any mixture is fixed by
its composition; that is;.. m any normal mixture the greater
the concentration of the constituent of higher critical tempera-
ture the higher the critical temperature of the mixture, and
vice versa. B

Now in any condensation of a normal mixture below the
critical temperature the liquid formed is less rich in the more
volatile component than is the vapor from which it is con-
densed; but, as condensation proceeds, the liquid becomes
richer in the more volatile component until, when the system
is totally condensed, the composition of the liquid is equal to
that of the original vapor from which it was produced.

PROPERTIES OF GASOLINE AND NAPHTHA
N CriticAL REGION =

PROPERTIES AT POINT OF MaAX.

TasLe IV.

TeMP.
ProperTIES AT CRITICAL POINT ; Density
Pressure Temp. Density Pressure Temp. (vapor)
Lb./in.2 Lb./in2
8. °F. Gram/cc. abs. W o Gram/ce.
Gasoline 542 586 0.325 492 603 0.204
Naphtha 434 591 0.258 436 593 0.239

It follows from what has just been said that, as condensa-
tion progresses, at constant temperature below the critical
from a lower to a higher pressure, the liquid produced has a
progressively lower critical temperature. Now if condensa-
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ISoTHERMS OF (GASOLINE
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s e 1o e
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e 33 of 5 oa ek
';:: g’m = g:: s a M=
TEMP. &~ =i B> Tewmp, ay = Sl
N85 Atm. Cec./gram S0 Atm. Cec./gram
269.2 26.79 2.944 0.91 311.8 6.95 58.558
(516.5° F.) 28.31 2.205 1.00 (593.2° F.) 8.50 47.567
29.71 12.188" . 10.13 39,156
33.65 2.149 }?.;3 fg.ggg
280.8 6.59 57.874 17.7: .
(537.5°F.) 7.16 53.126 Zotes il osuon
8.19 45.854 28.17 8.987 4
9.79 37.351 37.13 3.685
12.27 28.416 316.9 8.67 46,084
13.91 24.390 (802.5° F.) 10.74 37.415
15.14 21.683 13.61 28,674
16.05 19.930 17.31 21.119
16.59 18.812 0 24.44 12,648 .
17.36 17.000 b 33.46 Point
.39 14.834 0.15 of max.
ég?g l%ggg 8.25 temp.
. . -81 26. : 23
29.66  2.969 0.90 (glg.?° F.) 5:80 47:303
31.33  2.355 1.00 14.35 27.492
32.605 2,328 0 ., 17.50 21.369
33.38 2.279 25.40 12.401
290.1 7.40° 52.621 . 327.8 40.23  4.092
(654.1°F.) 8.55 44.825 . (622.0°F.) 37.35 5.067 .
9.82 38.358 .. 3
35.17  5.999
11.568 31.539 5 32.88 7.028
13.84 25.531 .. :
30.85 8.259
15.34 22.203 .. 58 B
28.59 9.514
16.69 19.697 .. :
18.21 17.224 = 339.9 & 7.15 58.708
18.81 16.362 0 (643.8° F.) 8.26 51.?14 p
19.05 15.989 b 9.59 44.366
20.77 13.103 0.11 }3-97 gg-?gg
21.67 11.698 0.16 14«5; el
22.28 10.874 0.20 JEoRsTelos
31.68 3.251 0.83 ;g-gg 12'2
33.49 2.518 1.00 : -293
SB2E o 0] 34g.5°b ; ﬁ?'éi g.ggg
299.7 7.58 52.188 (645.0° F. -94
(571.5°F.) 8.90 44.003 §5-33 7.120
0.59 36.200 3.39 7.989 i
13.04 28.329 31.48 8.871
16.06 21.754 .. 30.14  9.525
18.20 18.203 .. 355.6 7.24 59.486 ..
19.89 15.908 .. (672.2°F.) 8.40 51.913
22517 1812200 .. 9.03 44.336
22.57 12.837 0 12.00 36.368
24.54 10.423 0.10 14.43 29.716
34.43 3.344 0.80 16.81 24.707
35.85 2.811 1.00 21.46 18.158
307.8 .98 43.787 .. 28.30 12.450
(585.6°F.) 12.13 31.456 .. 356.3 40.62  6.279 ..
8.50 21.687 .. (673.3°F.) 38.08 7.119
23.89 12.279 35.95 7.919
36.90 3.312 Critical 33.95 8.762 ..
point 32.00 9.529

tion is carried out at progressively higher temperatures
(starting at a temperature below the critical), a temperature
is finally reached which is identical with the critical tempera-
ture of a liquid having the composition of the system in ques-
tion, and at this point the liquid produced will pass into the
vapor state when the system is just completely condensed.

A temperature slightly higher than this corresponds to the
critical temperature of a liquid slightly less rich in the more
volatile component, and consequently if condensation oc-
curred in the normal manner at this temperature, the liquid
formed would suddenly vaporize before the system was
completely condensed. Instead of the condensation-vaporiza-
tion process occurring in this manner (which would lead to
anomalous relationships between the composition of the
saturated liquid and vapor at and near the critical point),
the liquid first formed soon begins to dissolve in the relatively
large amount of highly compressed vapor remaining and is
eventually revaporized by this means.

‘While the hydrocarbon systems studied here are much more
complex than any studied by Caubet, the explanation of retro-
grade condensation as given above is still tenable.

The relationships between density and temperature for the
saturated liquid and vapor are shown in Figure 6, which
includes also the data of Young on normal octane. It will be
noted that the density-temperature relationships for these
hydrocarbon mixtures are, in general, similar to the behavior
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of pure compounds except that in the case of mixtures the mean
density line passes through the point of maximum tempera-
ture rather than the critical point. However, in this respect
also these complex systems are smﬂar in behavior to the
simpler binary systems.

The relationships between pressure, temperature, and
percentage of liquid evaporated are shown in Figures 7 and 8
where log pressure is plotted against the reciprocal of the
absolute temperature for various percentages:evaporated.
As might be expected, a straight line relationship between
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P and T holds at constant percentage evaporated, except in
the region of retrograde condensation. :

CORRELATION OF PHYSICAL PROPERTIES

Data such as are given in the preceding paragraphs are
extremely useful in the development of high-pressure high-
temperature processes in the petroleum industry. However,
the determinations of the isotherms over a useful range of
pressures is a laborious and time-consuming operation, and it
is therefore desirable to have some method of correlation if
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possible, so that a number of determinations required can be
reduced to a minimum.

For the purpose of correlation the theorem of corresponding
states offers perhaps the best possibility. This theorem has
been rather generally tested by Young (8) who found that it
holds with quite good accuracy for certain closely related
substances whose critical pressures are very nearly equal, and
with fair accuracy for closely related substances having
quite different critical pressures.

If the theorem of corresponding states were strictly true,
all pressure-temperature-volume relationships for pure
compounds could be represented by a single relationship

such as is shown in Figure 9 where the reduced isochors, Ta=
constant, for isopentane (9) are shown as related to reduced
P As shown by

Figure 10, however, where similar relationships for five hydro-
carbons are given, the theorem of corresponding states is only
approximately correct. There appears, however, a system-
atic shift with molecular weight which could no doubt be
evaluated if necessary.

The theorem of corresponding states was applied to the two
hydrocarbon systems studied here, and the reduced isochors
are shown in Figure 11 in comparison with the data of iso-
pentane. The agreement between the two hydrocarbon
systems in the superheated vapor region is as good as might
be expected. Moreover, the data are in fair agreement with
those of isopentane except in the critical region. It appears,
therefore, that the data for some other hydrocarbon system
in the superheated region could be estimated over a fair
range of pressures and temperatures from Figure 11, together
with a determination of the critical temperature, pressure, and
volume.!

The relationships, as in Figure 11, along the saturation lines
are a function of the boiling range of the fraction under con-
sideration, and further data are necessary before general
correlation can be made.

temperature % and reduced pressure

CALCULATION OF THERMAL PROPERITES

The P-T-V data are not only valuable in themselves but
serve for the calculation of various thermal properties which
are difficult to measure with accuracy. From the data in the
foregoing sections it is possible to calculate, using the exact

1 Since this paper was compiled, Cope, Lewis, and Weber [INp. Exa.
Caex., 23, 887 (1931)] have presented a method of calculating the P-V-T
data of a hydrocarbon in the superheated region, based on a modification
of the theorem of corresponding states. Values of the specific volume of
the*vapor of gasoline and naphtha calculated by this method agree with
the experimental to within about 4 per cent. However, within the range
of the experimental data, for pressures and temperatures near the critical
region, the deviations are somewhat greater and are of the order of 5 to
10 per cent.
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laws of thermodynamics, the following thermal properties:
change of specific heat with pressure; difference in specific
heat at constant pressure and constant volume; Joule-
Thomson coefficients; latent heats of vaporization; and
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In selecting an equation of state, one may be guided by the
forms which have been shown to express the relationships for.
similar substances (2). However, simplicity of mathematical
form must be considered if the equation is to be of greatest use
in the calculation of the various properties. For the present
purpose various equations were examined by the

ratios of specific heats.
[eeia sl

L40 s

authors, and the one finally chosen was that pro-
posed by Linde (6) for superheated steam. In its

1 l [ FIG10
REDUCED ISOCHORS

expanded form it is as follows:

OF
SOME PARAFFIN HYDROCARBONS

1L20—4—

PV=AT—I£%}@—|—P(D+FP)

\
\
0
\

‘/;,-7' where 4, C, D, E, and F = constants

P
7,

As applied to naphtha, the constants in the above
equation were evaluated as follows:

157

7234 X 107
20

TAYAY

102 X 107
0.52

U Q

060

=t When P = lb. per sq. in. abs.

° Rankine

REDUCED PRESSURE

1 1

T
V = cu. in. per lb.

s

0.40

The degree to which the equation fits the experi-
mental data is shown in Figure 12. The solid lines

represent the experimental data while the broken

3 0 -1 0

lines were calculated using the equation of state.
The agreement is excellent except near the saturation

REDUCED TEMPERATURE '%

From the values of the above thermal properties and a
temperature-total heat relationship under one condition, a
complete temperature-pressure-total heat diagram can be
constructed. This has been done for the naphtha studied
here, and the method and results of the calculations are given
in the following paragraphs.

The first and second laws of thermodynamies provide
the basis of the equations necessary for the calculation of
thermal properties. The derivation of the equations are in all
cases perfectly general; hence they apply to mixtures as well
as to pure substances. The derivation of the equations used
below for calculation of thermal properties are given in most
textbooks of thermodynamies and have therefore been omitted
here.

For calculation of the various thermal properties the follow-
ing equations were used:

1. Change of speciﬁc heat with pressure,

(7). = =2 Gr),

2. Difference in specific heats,

(iz):
3T
Cp—Cy =—-T L
P v (ﬂ,
3P
3. Joule-Thomson coefficient,
iz,
4. Latent heat of vaporxzntlon,
dH = TdS + VdP

The evaluation of the above equations can be accomplished
either graphically or through use of an equation of state by
differentiation. Since, for most reﬁncry operations, the
evaluation of the thermal properties in the vapor state are
most useful, an equation of state applying to the vapor state
serves to the most probable range of utility. The heat of
vaporization, however, is best evaluated graphically as will be
shown.

line. At 200 pounds per square inch the deviation is
insignificant, but at higher pressures it becomes ap-
preciable. For this reason all thermal properties calculated,
using the equation, are certain to be in error to some extent in
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thisregion. The regions where this occurs have been indicated

by broken lines in the various plots of these properties.
1. CavrcuraTioN oF SpeciFic HeAr Cp, AT HIGH PRESSURE.
The thermodynamic formula is:

OGN (T
2). - -7 (), g
. From the equation of state by differentiation,
oV 3CP , 3EP?
P(3), -4+ + 50
2V _ —12C’P 12EP?
and P(oT’ T
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(ﬂ) _ —12C 12EP _T( )
o 3T%)p = " T% 75 oo oo o7 @
Substituting in Equation 1, ( 52
8Cp\ _ 12C¢ | 12EP From the equation of state by differentiation,
oP /¢ T4 T4 :
oV C 28 Ve=0'D
Ge), “[W"'T‘z*”ﬁ"i’*w]
5V 3EP
%0 and (r,l,) + T‘ + T‘

—— OBSERVED
==--CALCULATED

)
i

=

NN

EQUATI Of\g)FOF STATE
NAPHTHA VAPOR, N
so|  Pvsa0o09T- ECAI9Q0BRII0Y o(ani8+ ao003P) N
P +LBS. PER 5Q INABS.

V. CULFT PER LB.
T = F. ABS.

80

/
(%)
%
7
,
’I
,

17

PV

50 200 250 300
PRESSURE _ LBS. PER SQIN. ABS.

Integrating the above equation (7' = constant) between the ‘

limits of a pressure, P, and atmospheric pressure,

12CP | 6EP¥|P
Cp — Cp = T +-T—"]u1 =
21472
190 5 1y 4 EET)

where Cp, = sp. heat at const. pressure at atm. pressure.

Now for the vapor state (1),

4.0
Cp = 6450 (I. + 670) *

where S = gpi?gr. of liquid at 60° F./60° F.
t = 7

Substituting the above value for Cp,, the final equation is
obtained:

40 — 12C

Cr = 2025 (0 + 610) +[ (P — 147) +
(P2 — 14 72)
75 ] 9331.7 @)
where Cp = B t u. per lb.
t =
Cand E = consta.nts in equation of state when P, V, and T

are exp as lb. per sq. in. abs., cu. in. per
lb., and ° F. abs.,, respectwely

Substituting the appropriate values of the constants in
Equation 3, the following equation for the specific heat at
constant pressure of naphtha as a function of temperature
and pressure is obtained:

4.0 — 0.7500
6450

(9.316P + 0.065P* — 151)107

(&1670) ot @+ 450.6)°

Cp=

This equation has been used to calculate the specific heat at
constant pressure from atmospheric pressure to 350 pounds per
square inch abs. The results of the calculation have been
plotted and are shown in Figure 13.

2. CavcurarioN oF Cp — C V.

The thermodynamic
formula is: :

R 3V v
Substituting in (4) the values of (ﬁ)p and (ﬁ>r'

A 3EP?
T[ +T‘ T

Vi D
[p—qva+r=+'ﬁ =D —2”]

Substituting for V its value,

AT _

p =10

y = C+5D |+ rp)

the following formula is obtained:

sEhE s A
s = ®
s F+ 55 P

Equation 5 may be simplified by rearrangement to give

(o) g [AT4 + P(3C + 3EP)]*
V" TU[PXE — FT3) + AT*] 9331.7
where Cp —Cy = B.t.u. perIb.
A, C, B, and F = constants in equation of state when P, V
and 7' are expressed as lb. per sq. in. abs., cu. in. per lb.
and ° F. abs., respectively.

()
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Substituting the appropriate values of the constants in
Equation 6, the following formula for the difference in the
specific heats of the naphtha is obtained:

[157T¢ + P(21730 + 305P)107]*

Ce — Cv = Tipi(948,070 X 107 — 48057%) 1 1,465,00077]

The results calculated from the above formula for pressures
from atmospherie to 350 pounds per square inch absolute are
given in Figure 14.

3. CArcuraTioN OF JOULE-THOMSON EFFECT.
thermodynamic equation is:

The



March, 1932 INDUSTRIAL

AND ENGINEERING CHEMISTRY

299

F|é:,|4 T l T l FIG.I5 | I Heat Content from 0° F. (—17.8°
DIFFERENCE IN ','\\ 022 |5 E-THOMSON COEFFICIENT _C’.) to Boiling Point. The 'change
mDPEClF'C HEATS Cp_cv ’,' N 5 Gl NAPHTI‘?;\ VAPOR in heat content of a system 18 given
NAPHTHA VAPOR ! O"; g 3 AN by the exact thermodynamic equa-
/ \% Ew PN NG tion:
a2 s 3 ol
I“\‘ X1 5 016 T’/< \ \\\;é)\%c‘.p J 5V
/i % 2, N \%\ S dH = Cpdl — [T( )
0100 -
IR Bz z \\ N - V] P (10)
S / \\ Sl N NN
Jsfosm /. % b D 3 For the liquid state, however,
e i & calculation reveals that for the
\ Zmﬁ e pressure range considered here the
4 d member of the equation is
~_ second mq q
'\1\ _g,"’“ : insignificant (except near the
2 Ers critical state) and may be disre-
Y R garded. ol
=] TR mssu\.ﬂ“ 300 200 500 500 700
% TEMPERATURE °F. Then -
TEMPERATURE °F dH = CpdT
= 7 ( %1771 b G For the liquid state (4)
P 210 —
3P i Cr = —5530 (t + 670) (11)
From the equation of state by differentiation where ¢ = ° F. and S = sp. gr. at 60° F./60° F.
8V 3EP 2.10 — 8
(ﬁ) P i s O 3 H - Hy o= 30 “ (¢ + 670)
3EP
i ) AL o0 o G =V @®) e i 1200 - b [:‘ it 670¢] (12)
5 Cp where Hy = 0 at ¢t = 0° F.
Now VvV = %)Z (G- EE) ';,SEP ) + (D + FP) This equation for the total heat content of the liquid from
o Equation ; 0° F. to a temperature ¢, when applied to naphtha becomes
L= L2 H = 66502 X 10~ (£ + 670t
Cp = ~6450 (t 3F 670) 1 (02 = sty ar 3 2
’(P——147=) o
6E ] 03317 H = B.t. u. per lb.

Substituting these values in Equation 8 and simplifying

u=
[T(4C + 4EP) — TYD + FP)] 9331.7
1 %O—S « + 670)] 4 12C (P — 147) + 6E (P? — 147
: )

where p = F. per lb. per 8q. in.

T = t° F. + 459.6

P = b per sq. in. abs.

S = F gr. at 60° F./60° I. of liquid

and F' = constants in equation of state

When the appropriate constants are substituted into
Equation 9, the following equation for the Joule-Thomson
coefficient for naphtha results:

_ _ T(3.10 + 0.044P)107 — 74(0.0022 + 0.00006P)

- :
™ [%15_0 t + 670):| + P(9.31 + 0.065P)107

The coefficient for various pressures from atmospheric to
350 pounds per square inch have been calculated and are
shown in Figure 15.

4, CavcuraTioN OF Toran HEAT ConTENT FrROM 0° F.
The heat required to change a liquid distillate at 0° F.
(—17.8° C.) to a superheated vapor may conveniently be
divided into three parts: (1) the heat required to heat the
liquid from 0° F. to the boiling point; (2) the heat required
to vaporize the liquid; and (3) the heat required to heat the
Vapor.

Calculation of Heal of Vaporization. The process of va-
porization of a pure compound takes place at constant tem-
perature and constant pressure. In the case of a mixture,
however, when vaporization takes place at constant pressure,
the temperature increases; and, when vaporization takes
place at constant temperature, the pressure decreases (retro-
grade condensation region excluded) and the heat required
for vaporization from saturated liquid to the same final
saturated vapor state will vary, depending upon whether
the process is carried out at constant temperature or at
constant pressure. The heat content of the vapor will, of
course, be the same in the two cases.

It does not appear that the heat of vaporization at
constant pressure is readily calculable from the physical
properties directly. On the other hand, the heat required
for vaporization at constant temperature can be so cal-
culated according to the method given below.? By com-
bining these values with the heat of the liquid, the total heat
of the saturated vapor at any temperature and its correspond-
ing pressure may be obtained. The heat of vaporization at
constant pressure can then be computed by substraction of
the heat of the liquid up to the temperature of the boiling
point at that pressure.

2 The amount of heat that would be absorbed if the vaporization of a
mixture were conducted reversibly at constant temperature is greater than
the difference in heat content of saturated vapor and boiling liquid at the
same temperature. In actual refinery operation this type of vaporization
does not occur; however, the change in heat content is more important.
There appears to be no generally accepted definition of the heat of vapori-
zation of a mixture. As used in this paper, it means change in heat content
of unit weight of the system when the temperature is constant and the
pressure decreases from that of the boiling point to that of the dew point.
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The method of calculation of the heat of vaporization at
constant temperature is as follows: By a combination of the
first and second laws of thermodynamics, it can be shown ()
that

dH = TdS + VdP (13)
where H = heat content
S = entropy
T = abs. temp.
V' = volume of system
P = pressure

This equation is perfectly general and may be applied to
the calculation of the change of heat content when any system
undergoes a change.

TEMPERATURE °C.
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3 3
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§ I
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Jg AL 0

TEMPERATURE °F

In its application to the vaporization of a liquid mixture at
constant temperature 7',

Since
B
6S)r = (37), @r
Equation 13 becomes .

P
dH = T (S‘:ﬁ)v (8V)r + VdP

Putting dH = L, the latent heat, and (6V)r = (Vv — Vi)1,
the difference between the volumes of unit weight of saturated
vapor and liquid, respectively, at temperature 7', Equation 14
is obtained:

oP
L =T (ﬁ’)v (Ve —Vo)e 't VdP (14)

Since the equilibrium pressure varies continuously through-
(oSS 3P : s
out, the vaporization (3—7—, g changes continuously, and it is

necessary to defermine the average value during the course of
the vaporization. This may be done graphieally as follows:
From a plot of the isotherms similar to Figure 4, the values of
the pressure and temperature at constant volume are read off
for a number of constant volumes. The pressure-tempera-
ture data for each volume are then plotted as logy, p against
1/T(abs.), and the slope of the lines measured. These
slopes are plotted against the corresponding values of the
volume to give a curve from which the slope of the line can
be obtained for any volume of the system during vaporization.
If s = slope of line,
then

(8 logio P> S
—5- =
) T B

T /8P
s T2 (sP 15
0.4343 ( - (15)

or
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SE\t sP
ﬁ)y ~ 0434373 {16)

Using this equation, the values of (i—?)v are calculated for a

number of different volumes (at constant temperature), and
these values plotted against the corresponding values of the
volume of the system and a smooth curve drawn through the

points. The average value of (g>v between the saturated

volumes of liquid and vapor is then determined graphically.

The value of VdP in Equation 14 is obtained graphically
by determining the area under the isotherm between the
saturation pressures of the liquid and vapor.

The above-described method for the calculation of the
latent heat of a mixture has been applied to the data on
naphtha. The calculated latent heats in B. t. u. per pound
have been plotted against temperature, and are shown in
Figure 16.

Calculation of Total Heat of Vapor State. The thermo-
dynamic equation is:

V)

dH = CpdT — [T o V] dpP (17)
Now
12 EP?
Cp = Cpo + T(iP T G,T
and
AT ¢
V=t —F -5 +D+FP
60
FIGI7
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Substituting in the above equation and simplifying:

dH = [CP°+ 12CP GEP’] a7 —

4C | 4EP

o+ —D—FP]dP

Since

40— 8
CPo = 750— (t + 670)

the above equation when integrated gives

40 — S 1¢2
e [ + 6700 | + oot

EPR2 2EP?
(DP+T_4TL53—%) (18)

H—Ho='
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where S = sp}.?gr. of liquid 60° F./60° F.
tio=2F;
T =S Fiabsg!
H, = constant
H = total heat content, B. t. u. per lb.
D, F, C, and E = constants in equation of state when

P, T, and V are expressed as lb. per sq. in. abs.,, ° F.
abs., and cu. in. per lb., respectively.

The value of H, is determined by substituting a known
value of H at some pressure and temperature (for example,
at the temperature of the saturated vapor at atmospheric
pressure) and by solving the equation for Hj.

Substituting the appropriate values of the constants in the
above equation, the following equation is obtained for the
heat content of naphtha from 0° F. (—17.8° C.) to any
temperature (¢° F.) where the distillate exists only in the
vapor state: ’

40 — 0.7500 2 1
6450 [i - 670‘] T 93317

[20.47P +0.258P* — 1 (28,970 + 203.4P) X 101] + 167

H =

The values of the total heat for various pressures and
temperatures have been calculated for naphtha, and the
results plotted against temperature in Figure 17.

It will be noted that Figure 17 is not complete in the
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critical region. 'This arises partly through the fact that the
equations for specific heats of the liquid cannot be guaranteed
as exact in this region. In general, however, the total-heat
curves along the dew-point and boiling-point curves should be
rounded to meet at the critical point.
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Tower-Absorption Coefficients—IV

L. M. BEnnercH AnND C. W. Snnvons, Department of Chemical Engineering, Lehigh University, Bethlehem, Pa.

Mole-flow ralio and free-volume concepts are introduced into the dertvation of a general absorplion
equation which is applicable equally to systems obeying either Henry’s or Raoull’s law

UCH has been written concerning the mechanism

M of gas absorption by countercurrent tower processes,

and much emphasis has been placed on the graphical

solution of tower-design problems. It is the purpose of this

paper to give a mathematical analysis of countercurrent tower

processes, to derive an absorption equation, and to apply this
equation to some experimental data.

DoNNAN-MAsoN CONCEPT

The derivation of a satisfactory equation representing the
continuous countercurrent absorption process, such as is
used in gas scrubbing, depends chiefly upon the function
representing the rate of solution of the solute gas in the
extractor. This rate of solution was given by Donnan and
Masson (3) to be

dm
T f(m) —n (A)
where m = gram concentration of solute in carrier gas
n = gram concentration of solute in extractor

At equilibrium, when no absorption occurs, f(m), some
function of m, and n are equal. In addition, in a system
obeying Henry’s law, f(m) equals k(m) where & is Henry’s
coefficient. Cantelo (Z) utilized this fact to transform
the original equation of the rate of solution to

an K ) (B)

dt

where K = Cantelo dissolution coefficient, which, for strictly
specified conditions of gas and extractor flow,
etc., will remain a constant

With the aid of a second equation based on the fact that a
steady state prevails within a countercurrent absorption unit,
Cantelo integrated Equation B obtaining a formula for
investigating tower-absorption coefficients.

Lewis CONCEPT

It was proposed by Lewis (4) and Whitman and Keats (6)
that the rate of solution of soluble gas in extractor can be more
accurately represented by

d
=5 = —E@ - P)

where P, — P; = difference between partial pressure of solute
in gas and vapor pressure of solute in
extractor

Here equilibrium conditions prevail when P, = Pi. The
Lewis form may be equated to the Donnan and Masson form
by applying Henry’s or Raoult’s law and converting the
partial pressures to gram concentrations. Thus in

P, = HX

P; = vapor pressure of solute in extractor
X = its mole fraction
H = either Henry’s or Raoult’s factor

However, the fundamental difference between these equations
for the rate of solution is in the units expressing solute
concentrations. The first form which uses gram concentra-
tions introduces an inaccuracy, owing to the fact that the
concentrations in Henry’s and Raoult’s laws must be given in
mole fractions. The Lewis rate-of-solution equation readily
lends itself to evaluation in mole-fractional quantities, and
it is therefore used as the basis of the derivation in this
article. :
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FUNDAMENTAL ASSUMPTIONS

A countercurrent tower-absorption process is assumed in
which there exists a steady state. Thus, at any chosen point
in the tower, all factors, such as temperature, pressures, or
rates, are constant. Mathematically this means that at any
fixed point in the tower all derivatives with respect to time are
zero. Moreover, the extractor is taken to exert a negligible
vapor pressure, and the carrier gas to be inert. For example,

EFFECT OF MOLE-FLOF RATIO
Ol ABSORPTION comxcxn’r
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ASiC
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5, 53 TS 2. 2. 2.8 Collg 518,
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MOLE FLOW RATIO - ¥
Ficure 1

2l

these conditions obtain in a benzene serubbing unit where
coke-oven gasis the inert carrier and the petroleum-oil extrac-
tor is nonvolatile at the temperature of the system. The
recovery of hydrocarbons from natural gas is a similar process.
However, in the case of water, aqueous solutions, and organic
solvents being used as the extracting medium, there may be
error introduced into the calculations if these extractors exert
an appreciable vapor pressure. The magnitude of this
error will depend upon the ratio of the vapor pressure of the
extractor to the total gas pressure within the tower, and to the
partial pressure of extractor in the entering gas, i. e., the
degree of saturation of entering gas. Finally, it is assumed
that the systems obey Henry’s or Raoult’s law and that
these coefficients are known at the temperatures afid pressures
involved.

The nomenclature which follows applies to the derivation of
tower-absorption coefficients using mole-flow ratios and free
volumes, and expressing concentrations or partial pressures in
terms of ‘mole fractions.

Il

area of cross section X free volume/unit gross volume,

hex&xt above gas inlet, dm.

S
=
it

moles solute/mole carrier at time @

moles solute/mole extractor at time 8
Subscnpts (0) refer to conditions at h = zero

No subscripts refer to conditions at A = height of tower

free volume of tower, liters
:% "= gas rate up tower, dm./min.
p. = density of carrier gas, grams/liter
m = molecular weight of carrier, grams
M = molecular weight of e\tractor, grams
w = carrier rate, grams/min,
W = extractor rate, grams/min.
i = mole-flow ratio
P; = partial pressure of solute in gas,~atm.
Pn. = total average pressure of gas in tower, atm.
P, = vapor pressure of solute in extractor, atm.
Z = Henry’s or Raoult’s coefficient, atm.
K = absorption coefficient
] = unit of time, min.

A countercurrent absorption process may be represented
by the equation of continuity:

dh

Apd—g =W (1)
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This equation states that there is no change in the quantity
of carrier in its passage through the tower. It can be trans-
formed into terms of partial press:

dh w224, Po
Z m (Pm = P,) @)
whe e1 £ 324 4 ( )
A Pae=P
It can also be shown that
dP, ,
= KB ) ®)

Equation 3 is the equation adopted as representing the
rate of solution, expressed as rate of change of partial pressure
of solute in the gas as a function of (P, — P).

-I%E-. = l_y-l-_y = mole fraction of solute in gas (4)
Py
= UmiPn—=p,
) Py dy
Py = Tty
B
Pae —P = Tﬁ

Equation 4 is supported by Avogadro’s and Dalton’s gas
laws.

T
1+=x
Py
7 — P

Now (5)

Pri
~ =
xr =

Equation 5 is a statement of Henry’s or Raoult’s vapor-
pressure law, with concentrations expressed in moles per
mole.

¥
Y — ) = 7@~ 2) ®)

m

Equation 6 is a solute-balance relationship between carrier
and extractor.

Le t, Wm = f, the mole-flow ratio, and 7 = 1 — fzi, a constant

dependmg upon terminal conditions, or Equation 6 becomes

y=1+fz

and Py =1

D

Equations 3 and 2 are combined, and the necessary sub-
stitutions performed to eliminate Pg, Py, and z, yielding

(f — 1+ y)dy KAm

dh (7
P ez =G ) 2w P D)
KAma o)
= T BdwPm
and (f—12)=D
Equation 7 is integrated according to the form
s Dby o1 2
[t = gl by +a) +
2¢cD — b dy
2¢ a + by + cy?
where a, b, and ¢ = coefficients in quadratic denominator of
Equation 72
Integrating and evaluating the constant,
lna+by+cy2 2cD—-b
a—+byotcy* /b — dac

(2cy + b —v)("cyo+b+v) i ;
Ty o ey L i 1)
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v = 7/b? — dac and b? > 4dac for real results, a fact that is borne
out by substituting experimental values.

Also a
b

I

1,

P,., D+ Z@#x — 1)

c P — Z

(2cy +b —v)2cy +b +v)
4c?

stituted into (8), and the result rearranged giving

and a + by + cy? = which is sub-

(2cD—b+v)]n (2cy +b —v) (2cD-—b——v)
v (2cy0 + b — U)(2 Wi )
cy + v /
Horpamyem) G ()

Now dividing through by 2¢ and multiplying through by v,

-5 - (-1

( i b + v
(m-+b+”) = v/b* — dac K'h (10)
e e e K'="22§[:;,..
or (D& &mJiS (DI mmyiﬁ
e 2521::};; )
o B el
w—&mﬁig (12)

Thus Equation 12 is the final form of the absorption equa-
tion which is applied to the following absorption processes.

APPLICATIONS

The above equation was used in calculating the tower-
absorption coefficients for several systems, including volatile
and nonvolatile extractors and systems controlled by Raoult’s
and Henry’s laws. Simmons and Long (5) used a counter-
current absorption tower, packed with Raschig ring filler for
the absorption of benzene by mineral oil, and operated it in
accord with the fundamental assumptions of the absorption
equation. This is the case in which the extractor is non-
volatile and in which the system conforms with Raoult’s
law. The absorption coefficient was calculated over a fivefold
variation in mole-flow ratio, yielding a substantially con-
stant value as shown in Table I, and in Figure 1, curve A.
Applying the earlier equation of Cantelo (1) to these results,
an absorption coefficient is obtained which decreases ex-
ponentially as flow ratio or extractor rate increases.

The second case, in which the absorption process followed
Henry’s law, is given in the data by Cantelo (2) on the
extraction of carbon dioxide from air by water in a counter-
current system. All the assumptions specified in the equation
developed in this article were realized in this system, except
that water (the extractor) exerted a vapor pressure. How-
ever, the error introduced in calculating the absorption co-
efficient was slight because the entering gas contained water
vapor corresponding to the humidity of the air used. Al-
though no data are given, a minimum humidity of 50 per cent
generally prevailed. Then, neglecting any changes in gas
volume entailed by vaporization of extractor, the absorption
coefficients were calculated with the above formula, using
the data in Table II. The resulting absorption coefficient
was plotted against mole-flow ratio as shown in Figure 1,
curve B,
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TasLE I. ABsorpTION OF BENZENE
ABsorp-
Pres- MOLE- TION
TEMPERATURES SURE Frow CoEr-
BENZENE GAs RaTEs Gas il A8  RaTiO FICIENT
Test Inlet Outlet Air Oil (in) (out) (1N) K
% % L./min. L/min. °C. °C. Mm. Hg
1 6.00 1,10 5.38 0.04 24.0 29.0 760.7 0,608 5.67
2 6.01 1.20 5.668 0.06 24,0 30.5 757.3 0.875 5.44
3 4.01 0.92 5.66 0.11 27.0 29.5 7567.3 1.618 4.65
4 4,38 0.78 5.95 0.09 23.5 28.7 753.1 1,249 5.78
5 3.64 0.67 5.95 0.12 26.4 30.0 758.4 1.669 5.61
6 5.01 0.98 5.66 0.12 28,0 33.0 755.4 1.7756 5.23
7 3.88 0.52 5.38 0.14 28.3 34.2 757.0 - 2,171 5.89
8 3.50 0.48 5.66 0.15 29.2 34.5 748.0 2.245 5.99
9 3.99 0.42 5.66 0.21 25.8 28.5 754.5 3.086 6.56

TasLe II. AssorprioN oF CARBON DIoXIDE
ABsoRrp-
PreEs- MoLe- TION
TEMPERATURES S8URE Frow Coxr-
CO:z Gas RaTESs Gas GAs RATIO FICIENT
Test Inlet Outlet Gas  Water (inlet) Water Av. i K
% % L./min, L./min. ®C. °C. Mm. Hg
1 17.8 12.4 3.38 2.24 15.6 9.2 758.3 1060 0.523
2 119855752918:46 204" 18 2 =8727749.0 1207  0.552
3 25.4 18.0 4.02 2.72 11.6. 7.0 .756.0 1179 0.600
4 21.6 12,0 3.88  5.21 21.2 7.0 755.6 2301 0.658
5 25.6 13.4 4.05 6.06 12,0 7.2 763.0 2800 0.775
6 15.2 8.2 3.40 4.39 18.8 6.8 755.3 2030 0.845
7 18.4 12.3 3.28 2.57 15.4 9.0 758.3 1265  0.434
8 24.6 18.2 3.54 2,04 17.4 9.2 759.0 1010  0.359
9 13.8 10.6 3.85 1,72 17.6 8.4 748.0 696  0.345
10 26.4 20.6 3.48 1.56 18.6 9.2  759.0 804  0.297
11 13.8 9.8 3.57 1.73 18.8 8.6 749.0 757  0.443
12 25.8 16.0 3.63 3.26 17.4 9.2 759.0 1604 0.637
13 13.8 8.6 3.57 3.20 18.4 8.4 ' 749.6 1398 0.538
14 13.6 7.8 3.57 5.06 14.0 6.4 755.0 = 2152 0.592
15 20.8 10.6 3.91 6.13. 10.4 7.4  755.2 2568  0.790

Some increase of the absorption coefficient with increase
in mole-flow ratio may be noted from the curves. The reason
for this is the experimental difficulty in maintaining a con-
stant free volume under operating conditions. From the
equation derived, it may be seen that the coefficient is in-
versely proportional to the free volume, Akh. An increase
in the velocity of the absorbing liquid results in a decrease
in the free volume of the tower, and hence an increase in the
absorption coefficient.

This investigation is being continued, using semi-commer-
cial countercurrent scrubber units and bubble-cap towers.
The resulting practical applications. of the equation to
industrial operation and design will appear in subsequent
articles.

CONCLUSIONS

1. The experimental results indicate the validity of the
above-derived equations when the solute obeys Henry’s
or Raoult’s law, and the extractor is nonvolatile.

2. For a given system, the absorption coefficient is sub-
stantially constant, and the magnitude of the coefficient is a
characteristic of the system.

3. At elevated mole-flow ratios, an upward trend in the
absorption coefficient is observed, an effect explained by the
diminution in free tower volume associated with increasing
extractor rate.
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Chrome Tanning

I. The Role Played by Sodium Chloride in Chrome quuors upon

Epwin R. TrEis anp A. W. Gogrz, Department of Chemical Engineering,

HE role played by salt

I and salt concentration
has in the past been
attributed to the action upon the
chrome liquor itself, the altered
chrome liquor affecting the
actual tannage. Wilson and
Gallun (4) suggest that the cause
of a decreased chrome adsorption
with increasing salt concentra-
tion may be due to the removal
of water (from the role of solvent)
thusincreasing the concentration
of the chrome-liquor constitu-

Chrome Tanning

Salt  concentration in the wash before
lanning and the salt concentralion of the
chrome liquors are shown to play an important
role in the amount of chrome adsorbed by the
skin. It is further shown that sodium chloride
results in a lessened chrome lake-up. The
effect of added sall to the chrome liquors is
noliceable, regardless of the conceniration of
chrome used. Added sall not only allers the
chemical combinalions during actual lannage but
also has an effect upon the physical characler-
istics of the finished leather.

Lehigh University, Bethlehem, Pa.

when dissolved, this tanning
agent gave a basw chromium
sulfate solution, which was
shown by analysis to be 37.5 per
cent basic.

The bends of a pickled (sul-
furic acid-sodium chloride) calf
skin were cut into small cubes of

. 1-cm. edge and mixed thoroughly,

and 25.0-gram samples were
weighed. The samples were
then placed in 50 cc. of a tan-
ning solution containing various
amounts of chrome and salt, and,

ents. Thomas and Foster (3)
have attributed the retarding
effect of salt upon chrome adsorption to complex ion forma-
tion. Gustavson’s extensive and comprehensive experi-
mental work (Z) tends to point out just how salt concen-
tration affects the hydrogen-ion concentration, precipita-
tion point, and other factors, which in turn affect chrome
tannage. That the factors outlined above play a very im-
portant role in chrome tanning, no one can doubt, and these
may be termed the chemical reactions occurring and result-
ing from the addition of salt.

However, there appears to be another phase of this salt
effect—namely, that of varying concentration of salt in the
chrome liquor itself upon the salt content of the skin and the

subsequent effect upon chrome adsorption.
€
EXPERIMENTAL PROCEDURE

For studying the effects of various concentrations of sodium
chloride in tanning liquors (these in turn varying in chrome
content) upon the subsequent chrome tanning of pickled calf
skin, a commercial tanning agent (Tanolin R) was employed.
This tanning agent in the solid form showed a chrome content
of 23.5 per cent chromic oxide and 10.2 per cent moisture;
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Ficure 1. EFfrecr oF 20-Minute Rux oF PickieEp SKIN IN

VArious CONCENTRATIONS OF Sart SoLuTiON

with occasional shaking, re-
mained in these solutions for 48
hours. The tanned skin was then rinsed with distilled water.
The residual chrome liquors were analyzed for sodium chloride
and the leathers for chrome content.

The amounts of both chrome and salt used in the tanning
solutions are expressed as per cent, based on the initial
weight of the pickled skin; the pickled skin contained 68.2 per
cent moisture and 5.75 per cent sodium chloride. Table I
shows the amounts and concentration of the tanning agent
employed.

TaABLE I. RELATION BETWEEN AMOUNT OF TANNING AGENT AND
ConcENTRATION OF CHROME 1IN TANNING SOLUTIONS
TANNING AGENT? Cr10s

% Grams/liter
3 3.825
6 7.850
9 11.475

12 15.300

@ Grams per 100 grams pickled stock.

DrscussioN oF REsuLts

If a protein, such as hide powder, is placed in a sodium
chloride solution, diffusion of salt into the protein occurs until

5,0
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°
°
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Ficure 2. EFrrEcT oF VARIOUS AMOUNTS OF SALT UPON CHROME

ADSORBED FOR VARIOUS AMoUNTS oF CHROME IN TANNING
Liquor
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the molal free energy or solution potential of the salt in the
solid and liquid phase are in equilibrium. The reverse oceurs
if the protein contains diffusible salt ions and is placed in
water. This phenomenon is not only appreciable with salts
but also with acids. In the customary process of chrome
tanning, when pickled skin is placed in a drum containing
salt solution, there is an immediate diffusion of salt and acid
from within the skin outward into the external solution until
the equilibrium is established between the external and
internal phases.
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Sarr Frxep By CHROME SKIN FOR
VARIOUS AMOUNTS OF SALT

Figure 1 shows graphically the results obtained when
samples of pickled skin are drummed for 20 minutes in varying
concentrations of salt in solution. The curve showing the
salt content of the skin, after 20 minutes, demonstrates the
conclusions previously made regarding the diffusion of the
salt, either out of or into the skin. Since the original pickled
skin contained 5.75 per cent salt, it is to be noted that there
was a diffusion of salt from the skin to the external solution
for those salt solutions of concentrations less than 11.75 per
cent (calculated on weight of pickled skin), and above this
salt concentration there was a diffusion of salt from the exterior
solution into the skin.
strates that the amount of acid removed by the salt solution
is not only a function of the acid contained in the skin, but
also of that of the concentration of the salt solution. This
effect is decidedly pronounced up to 6 per cent salt. In the
tanning process, this removal of acid causes an immediate

Figure 1, curve B, clearly demon- -

PER CENT NaCl USED IN TAXNAOE

Ficure 4. RELATION BETWEEN SALT ADSORBED AND FIXED BY
Sriny WHEN TANNED wiTH VARTOUS AMOUNTS OF CHROME AND
SALT

decrease in the basicity of the chrome liquor and a change in
the complexity of the chrome salt. The initial acid removed
is in all probability that acid which existed as free acid in the
pickled skin; therefore it might be suggested that, if skin is
pickled in a high-acid pickle, thus resulting in high free-acid
content, the effects upon the chrome liquor noted above will be
decidedly pronounced.

A still further effect of the concentration of salt within the
pickled skin and in the salt solution is that of shrinkage of
the skin which, upon subsequent tannage, would result in a
drawn grain in the finished leather. This effect of salt
concentration is shown by the volume-change curve of Figure
1. The decrease in volume of the skin during the 20-minute
run is explained by the removal of the acid from the skin and
the increase in salt concentration. Associated with shrinkage
is the agglutination of the fibers themselves, diminishing their
free surface affinities and thereby decreasing the rate of
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Ficure 6. Errect oF AMOUNT oF SALT IN TANNING

Liguor uroN Amount oF SALT Fixep BY CHROME SKIN
FOR VARIOUS AMOUNTS OF CHROME

adsorption of the chrome. This colloidal phenomenon has
received little consideration, and in the opinion of the writers
an investigation should bear fruitful results.

The effect of varying amounts of salt in chrome solutions
of different chrome content upon the chrome adsorbed is
shown in Figures 2 and 3. The low concentrations of Tan R
were employed in order to determine whether the concentra-
tion effect stated by Wilson and Gallun would result in an in-
crease in chrome adsorbed, at least for the lower concentra-
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tions of salt and of chrome. However, in the experiments
made there did not appear to be a noticeable effect, and in all
cases increasing salt caused a decrease in chrome adsorbed.
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It is interesting to note from the various curves of Figure 2
that the salt effect is not of the same order for the different
amounts of Tan R. Tor the 3 per cent Tan R the salt effect is
comparatively slight, whereas for 6 per cent Tan R there is a
marked decrease in chrome adsorbed up to 10 per cent salt
and then apparently no effect with increasing amounts of salt.
The 9 and 12 per cent Tan R curves are similar except for the
tendency for the 9 per cent Tan R curve to approach a
constant for the higher salt concentrations. Figure 3 shows
similar results with regard to effect of increased salt content
upon chrome adsorption.

In order actually to determine the relation between the
chrome content of the tanned skin and the salt content, half of
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the weight of sample of the chromed stock was washed with
successive portions of water until there was only a slight
indication of chloride in the washings. The tanned skin and
the washings were then analyzed for total chloride, and the
results obtained are shown in Figure 4. Total chloride is
expressed as NaCl. These curves show that with increasing
concentration of salt there was an increasing salt content in
the skins. Of the total amount of salt contained in the skin
after tannage, a comparatively small amount is difficult to
remove, but this amount present decreases with increasing
chrome concentration, as shown in Figures 5 and 6.
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The fact that salt is rapidly adsorbed by skin is indicative
of an adsorption phenomenon, and, as in all adsorption
phenomena, it is difficult to remove all of the salt from the
fiber surfaces of the skin. Iurthermore, an adsorbate will
always affect the adsorption of some other ion or molecule.
Therefore, since in the chrome-tanning process there must
first be an adsorption of the chrome upon the fiber before
chrome combination, any substance, such as sodium chloride,
which is already adsorbed owing to unsaturated chemical
affinities, may cause a blocking effect upon chrome adsorption
and consequently upon chrome combination; or, owing to
the adsorption of salt, there is an increase in the osmotic
pressure in the skin, decreasing the diffusion tendency of
the chrome salt. This effect whether it be large or small,
beyond a doubt plays some role in the effect of neutral salts
in chrome tanning; a more comprehensive investigation
would be required to ascertain the effect as previously stated.
However, a comparison was made in this work between the
chrome content of the leather and the amount of salt con-
tained in the leather after a thorough washing as stated above.
The relation can be observed from Figure 7, where each
curve represents the ratio of chrome and salt in the leathers
tanned with various amounts of the tanning agent. From
the slope of the curves this ratio was very much the same.

The effect of salt not only alters the chemical combinations
during the process of tannage but has a decided effect upon
the appearance of the stock. Thus it was found that, with
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increasing concentrations of salt, the color changed markedly
from a dark to a light blue color, and that high concentrations
of salt resulted in increasing amount of drawn grain. This
may be attributed to the shrinkage of the stock as shown in
Figure 8. Not only does the salt content affect the shrinkage,
but it also affects the concentration of chrome as shown in
Figure 9. The maximum and minimum of swelling are due to
the hydrogen-ion content of the liquors, as demonstrated by
the authors (2) in a previous paper on pickling, and to the
acid removed from the stock by diffusion, as mentioned in the
earlier part of this paper.

Strips of the leather treated with 12 per cent Tan R and
varying amounts of salt were fat-liquored and analyzed for fat
content, and it was found that there was no appreciable
difference in the fat content of the leathers. These same strips
were given a tear test, and it was found that the strength of
the leather increased from 42 to 63 pounds up to 10 per cent
salt, and then decreased to 52 pounds for 20 per cent salt.
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The Drying of Solids—IV

Application of Diffusion Equations

T. K. SuERWOOD, Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, Mass.

cles (3, 4, 5) the general

mechanism of the air-dry-
ing of solids has been outlined,
with particular reference to the
factors governing the diffusion
of moisture to the solid surface
and thence out into the air.
The drying process was shown
in general to be divisible into
a constant-rate and a falling-
rate period, the junction of
these two periods being termed
the ‘‘critical point.”” The
falling-rate period was in turn
shown to be frequently in two
parts: in the period immediately following the critical point
the rate of drying decreases because of a decrease in wetted
surface; and in the last stage of the drying process the rate of
diffusion of water through the solid controls the rate of
drying. In the drying of certain slow-drying materials,
however, no constant-rate period occurs, and internal liquid
diffusion is controlling from the first. An equation (3) was
presented for this case, giving the relation between the mois-
ture content and the time of drying for an infinite slab:

l: () K? 5 (2)‘h?
L (z)’K?

= ] (1)
25

Recently Newman (2) has derived the corresponding rela-
tions for other solid shapes.

In the drying of many common materials, a short constant-
rate period is followed by a falling-rate period in which
internal liquid diffusion controls throughout. During the
constant-rate period there may be set up an appreciable
difference between the moisture contents at the surface and in
the interior of the solid. Since Equation 1 was derived on
the assumption of a uniform distribution of moisture in the

IN THREE previous arti-

distribulion.

In the drying of a solid slab, the moisture
distribution approached during the constant rale-
of-drying period is represenled by a parabolic
function of the distance from the surface.
equation is given expressing the relalion belween
motsture conlent and time in the drying of a
solid slab with internal liquid diffusion control-
ling, for the case of an inilial parabolic moisture
Dala are presented supporting the
applicability of this relation lo the drying with
internal liguid diffusion controlling, subsequent
lo a preliminary constant-rate period.

solid at the start, it cannot be
expected to apply to the falling-
rate period in such a case,
even though internal liquid
diffusion is controlling. The
moisture gradients in the con-
stant-rate period are deter-
mined by the nature of the
solid, its dimensions, and the
rate of drying. They are of
great interest in the drying of
materials which tend to warp or
crack, since the difference be-
tween surface and internal
moisture contents determines
the differential shrinkage, and
consequently the tendency to warp or crack. In most cases
the shrinkage of clay on drying is completed before the critical
point is reached, and drying with air of high humidity is
resorted to in order that the rate of drying, and consequently
the differential shrinkage between surface and interior, may
not be excessive.

The equation is derived below for the moisture gradient
approached in a slab drying at a constant rate. Assuming
the moisture gradient so derived to apply at the critical
point, the relation between water content and time is given
for the subsequent falling-rate period in which internal
liquid diffusion controls throughout.

The

MoisTURE GRADIENTS IN SLAB DURING CONSTANT-RATE
PErIon

The general equation for diffusion of a liquid in a solid is

2T D T
w =K ® @
which may, presumably, be employed in an analysis of the
conditions in the solid during the constant rate period. As
long as the rate of drying is constant, the moisture gradient
at the solid surface will remain constant, as given by
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ar 1 dwW

35) = ~ K 4do @
and for the case of an infinite slab or sheet, the gradient at
each surface will be the same.

B
A BN
D

Cross SECTION OF
StAB

Ficure 1.

Figure 1 represents the cross section of a slab, with ordinates
representing the moisture concentrations at different times
during the constant-rate period. ABC represents the
gradient at any instant, and EDF the new gradient after a
finite length of time. Since no moisture crosses the center
line, the slope of the concentration curve is zero at that
point. Furthermore, since the rate of drying is constant, then
from Equation 3 the slopes at A, E, C, and F are equal. Now
the area ABCFDE represents the moisture lost; and,
since the rate of drying is constant, the areas between succes-
sive concentration curves, corresponding to equal time
intervals, will be the same. Humps or high points in the
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will be numerically large, and from Equation 2 it follows that
the rate of decrease of moisture concentrations at such points
will be correspondingly large. The gradient curves will
clearly approach a definite shape, after which successive

gradient curves will tend to disappear rapidly because 2
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From

o
0 will be a constant.

curves will be parallel, and
Equation 2, therefore

2

T
ey constant 4)

Integrating and substituting the .conditions that g =()
whenz = R; T = T, when 2 =R; and T’ = T, when z =
0:

_ (@—FR)?

T =T, =

(Tm s Tu) (5)
On differentiating and substituting z =
the surface is found:

From Equation 5 it follows that, after drying an infinite slab
for an appreciable length of time at a constant rate, the
moisture-gradient curve approaches a parabolic form, no
matter what the initial moisture gradient may have been.

0, the gradient at

yelis
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As a test of the correctness of the above derivation there
are available the data of Troop and Wheeler (6), who ob-
tained moisture gradients in clay samples dried at various
temperatures and humidities. Small clay cylinders, 12.7 cm.
long and 2.54 cm. in diameter, were held in copper tubes and
placed in a thermostat maintained at a constant temperature.
One end face was exposed to air at a controlled temperature
and humidity, and, as the drying took place wholly from the
single exposed end face, the conditions were similar to the
drying of a 25.4-cm. infinite slab and clay. After various
time intervals, identical samples were taken at several points
along the length of the cylinder, and the moisture concentra-
tions obtained. Figure 2shows concentration curves obtained
with air at 70° C. and 90 per cent relative humidity, these data
being typical of the results obtained. The parabolic moisture
gradients are clearly indicated, and it is of special interest to
note how quickly the initial flat moisture-distribution curve
disappears and the parabolic distribution is approximated.

In the test described, the rate of drying of each sample
during the constant-rate period was 2.86 grams in 24 hours.
From Figure 2 the average value of (7= — T.) may be found
to be 0.053. Substituting these values together with a value
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of R of 12.7 in Equation 6, the value of K’ is found to be
7.8 X 10~* grams per second per square centimeter per centi-
meter thickness per unit d7’. It may be noted that K’ = KD.

Repeating the calculation of K’, using the data of Troop
and Wheeler for other tests, values of K’ were obtained vary-
ing roughly with the fluidity of water at the temperature of
the thermostat. For example, at 30° C. the value of K’,
calculated from the value of T'» — 7', after drying for 24 hours,
is 1.3 X 10-4

DryinG AT ConsTANT RATE FoLLowED BY LiQuip DIrFrFusioN
CONTROLLING

The theoretical relation for the drying of an infinite slab,
when internal liquid diffusion is controlling, is given above
(Equation 1). The equation is applicable, however, only
when the moisture distribution is uniform throughout the
slab at the beginning of the period when internal liquid diffu-
sion controls. Frequently, as in the drying of certain shapes
of wood and clay, the period of internal liquid diffusion con-
trolling follows immediately after the constant-rate period,
and the moisture distribution at the start of this period is
consequently more nearly parabolic than uniform. It is
evident then that Equation 1 does not hold for this case. It
would appear that an equation similar to (1), but based on the
assumption of an initial parabolic moisture distribution,
would be useful in the study of the drying of such materials.

Carslaw (1) gives the solution of the basic diffusion equation
for an infinite slab where the initial concentration gradient is

f (') as
Kn®x©
4R )dx' @

2R L o 2
v = l.f 1) E sin % gin BT o
RJ0O 2R 2R
1

Where shrinkage is negligible, T'D can replace». Substituting
the parabola (5) for f (z’), and integrating,
oS _ Enxt0’
T = TZ - (-1 snPZe
«: Knx0’
+ 18 T.)Z = (1 = (=1)) inZFe T ®
1 y

It may be noted that when 6’ = 0, and z = R, this reduces
to T = Tu.

More important than the concentration at any point,
however, is the total water content, obtained by integrating
the concentration across the slab thickness. Defining E’
as the ratio of the free-water content to the free-water content
at the end of the constant-rate period (the critical point),

then
2R
/ T dx

s 0
ke R
/ f(=') dz’
0

Substituting the two series of Equation 8 for 7, and the
parabola (Equation 5) for f (z), and integrating,

24T, e d Lok ) AL el ]
“_———wz(T.+2T,,.)[e +§e +§§e o e

2 ey -9 —25 :
L 192 (Tn .)[e ”+g11e gl "+...](10)

= (T, + 2T, 625 °
For the case of 6/ = 0, Equation 10 may be shown to reduce to
E’ = 1. Furthermore, when T'» = 7, the second series disap-
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_pears and the result checks exactly with (13, the correspond-

ing equation for the case where the initial moisture distribu-
tion is uniform. Equation 10 represents the theoretical rela-
tion between water content and time, for the drying of an
infinite slab with liquid diffusion controlling, for the case of an
initial parabolic moisture distribution, as at the end of a con-
stant-rate period.
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The coefficients of the two series in Equation 10 are both
functions of the ratio, 7/T. E’is consequently a function
of the two dimensionless ratios, » and 7./T.. This fact
suggests a method of plotting Equation 10, as shown in Figure
3, where E’ is plotted vs. KO/R? for values of 7,/Tn of 1.0
(Equation 1) to 0 (Equation 11).

ExXPERIMENTAL DATA ON DRYING OF Brick CLAY

In an experimental study of liquid diffusion in solids, it is
found advantageous to exaggerate the importance of the
period where liquid diffusion controls, by drying in a high-

BRICK CLAY ~ 254 CM. SLABS.
USING HIGH AIR VELOCITY.
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Figure 5. CompArisoN oF DATA on
Dryiné Cray Srass wite Equa-
TION 1

velocity air stream, thus vaporizing the water as fast as it
diffuses to the surface. The drying of a clay slab 2.54 cm.
thick under such conditions was described in a previous
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article (3). The results of two such tests are shown plotted
in Figure 4. The rates of drying obtained by measuring the
slopes of the curves of weight vs. time are shown plotted
against the free-moisture content. Each sample dried at a
constant rate down to about 16.5 per cent water, after which
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Ficure 6. CompAarisoN oF DATA oN Drying Cray Svass
witH EquaTion 11

the rate curves are concave upwards and are typical of drying
with internal liquid diffusion controlling. The edges of the
slabs were covered with tin foil, and consequently diffusion
was possible only in a direction normal to the faces, as in an
infinite slab.

The data are first compared with the theoretical relation (1)
by means of Figure 5. A special codrdinate plot is con-
structed, the ordinate or E’ scale being modlﬁed, to force the

theoretical relation (1) to be linear in E’ and Thus, thc

data of any single experiment following Equatlon 1 should fall
on a straight line, when plotted as E’, the fraction of the

’
critical free moisture vs. I%),— , or vs.0’, the time after the end of

the constant-rate period. Figure 5 shows lines having a
marked curvature at high values of £’, which is to be expected
since the derivation of Equation 1 assumes a uniform moisture
distribution at the start, i. e., at the critical point.

In order to compare the data with Equation 10 which
allows for an initial parabolic moisture distribution in the
slab, it is necessary to determine 7', and 7, at the critical
point. These quantities can ordinarily be found using the
fact that the average moisture 7. at the critical is 7% plus
two-thirds of T\, — 7%, and by calculating 7. — 7, from
Equation 6. In order to do the latter, K/ may be estimated
by comparing the data with Equation 1. In the case of the
present data on clay, T — 7% so calculated is considerably
greater than the initial free-moisture content, which was ap-
proximately 27 per cent for both samples. This means that
the clay was dried at such a high rate that the parabolic
moisture distribution could not be reached in the short
constant-rate period, even with the surface concentration,
T., at zero. In the extreme case, 7', may be assumed to have
reached zero at the critical point. Substituting 7% = 0 in
Equation 10, the result is

96 =P, 1-9% 1
E'=,T4|:e gt

—25p }
595 © SR (11)

Table I shows values of E calculated from this series, as well
as from Equation 1. In order to compare the data with
Equation 11, Figure 6 is shown with the ordinate scale modified
to make this relation linear. In this case the data fall on lines
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reasonably straight at high.values of £, but slightly concave
upwards at the lower ends. Going from a comparison with
(1) to a comparison with (11), the: lines representing
the data have changed from convex to concave upwards,
whereas in each'case the lines representing the theoretical
equations are straight. It'may be concluded: that either the
data would compare better with the more rigorous solution
(10), using suitable values of 7', and 7' than the extreme
cases (1) and (11); or the series (10), using 7. = 0, is ap-
proximated closely, and that the curvature of the lines of
Figure 6 is due to a decrease of the diffusion constant, K, with
decrease in moisture content.

TaBLE I. VALUES OF E AND E’ CALCULATED FROM
EquaTions 1 Anp 11
Ke' = Ko E B!
R R? Equation 1 Equation 11
0 1.0 1.0
0.02 0.840 0.951
0.05 0.749 0.880
0.10 0.643 0.775
0.15 0.563 0.684
0.20 0.496 0.605
0.30 0.387 0.473
0.50 0.236 0.290
1.00 0.069 0.086

An approximate value of K’ for this clay may be obtained
by noting from Figure 6 that £’ = 0.605 at about 75 minutes.
Since this E’ corresponds to a value of K8’/R?of 0.20, it follows
that

K = 0.20 X 1.27%/75 X 60 = 0.72 X 10~
and K/’ = KD = 1.6 X 0.72 X 10=* = 1.15 X 10—
This value, for clay-drying at room temperature, agrees

reasonably well with the values of 7.8 X 107%at 70° and 1.3 X
10~4at 30° C., calculated from the data of Troop and Wheeler

for a different clay. i

NOMENCLATURE

face area

density of dry solid

ratio of total free-water content to initial free-water
content

ratio of total free-water content to free-water content at
end of the constant-rate period, i. e., at critical point

diffusion constant of moisture through solid, with con-
centrations as weight per unit volume

same with concentrations as weight of water per unit
weight of dry solid =

K=’

2

half slab thickness

free-moisture concentratlon, weight of water per unit
weight of dry solid

same at center line of slab at critical point

same at faces of slab at critical point

free-water concentration at any point

weight of water

distance from slab face

time

time after critical point -
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Chloropicrin for Nematode Control

M. O. JoansoN AND G. H. GOopFREY

Experiment Station, Association of Hawaiian Pineapple Canners, University of Hawaii, Honolulu, Hawaii

treated soil from bad failure

areas in pineapple fields
with chloropicrin and obtained
remarkably increased vigor of re-
sulting pineapple-plant growth,
as compared with untreated con-
trols. The soils were in root ob-
servation boxes, and it was evi-
dent that the increased vigor
was due to a direct effect on the
roots. Among the results was a
notable decrease in the amount
of nematode root knot, in the
treated boxes. This was verified
repeatedly by similar experi-
ments without, however, any
actual measurements being taken
of the amount of decrease.
These preliminary tests led to
carefully conducted field ex-
periments the same year (1927) and subsequent years by
the senior author, which showed striking increases in growth
and yield of fruit. This paper discusses in detail certain
of the field tests which were studied by the junior author,
primarily from the point of view of nematode control. Re-
sults are reported in terms of actual nematode reduction,
measurements being by means of indicator crops.!

While chloropicrin has been used more or less extensively
for fumigation, its use for soil treatment has been very limited,
as indicated by the chloropicrin bibliographies prepared by
Roark (3) and Gersdorff (). The present authors have not
been able to review the original papers cited by these men,
but refer to their annotations on the work of Piutti and
Bernardini, Spencer, Matthews, Russel, Hasson, Dingler,
Fryer, Parker, Feytaud, and Annie Matthews, particularly to
Matthews (2)- who appears to have included nematodes in
her studies. None of this work seems to have been followed
by practical field applications.

IN 1927 the senior author

reduclion.

PRELIMINARY EXPERIMENTS ON PINEAPPLE

Most of the preliminary
field tests referred to above,
in which chloropicrin was
introduced into nematode-in-
fested soil in measured doses
by means of a Vermorel in-
jector, demonstrated remark-
able increase of plant growth
over the untreated controls
within 2 or 3 months after
planting. This increased
vigor persisted throughout
the growth of the plant,
and at plant-crop stage,

1 The junior author is preparing a
paper on the indicator-crop method
of determining effects of various soil
treatments on nematode infestation
of the s0il, pointing out its usefulness
and its limitations.
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Chloropicrin trealment of root-knot (Helerodera
radicicola) infested soils in pineapple fields of
Hawaii have brought about siriking reductions
in infestation and equally striking increases in
vigor of plant growth and in yield of pineapples.
Whereas no claim is made that nemalode control
is the only faclor involved in the improved plant
growth, this paper deals with that factor alone,
and includes aclual measurements, by means of
cowpea indicalor crops, of extent of nemalode
The most effective ireatments were
those which consisted of the introduction of
chloropicrin in liguid form inlo holes 5 {o 6 inches
deep, spaced 18 inches apart and covered im-
medialely with mulching paper, the rales of ap-
plication being 163 pounds or more per acre.

Ficure 1. Row oF PineAppLE Prants TREATED wiTH 180
Pounps CHLOROPICRIN PER AcCRE, AND UNTREATED Row
AT First RATOON-CROP STAGE, APPROXIMATELY 3 YEARS
AFTER PLANTING

The yield difference between the two was over 20 tons per acre in the
two crops

about 20 months after plant-
ing, manifested itself by strik-
ing increases in yields. In
fact, the increase in vigor was
still manifest in some plots at
first ratoon-crop stage, 1 year
later.

Completely satisfactory
quantitative data on effects on
plants are lacking, but observa-
tions on one or two of the
experiments are recorded for
what they may be worth. In
one test that showed, by striking
differences in plant growth,
outstanding value from the
treatment, chloropicrin had been
applied at the rate of 180 pounds
per acre. Three adjacent pine-
apple plants selected as repre-
sentative were removed intact,
roots and all, from this plot, and three from a compa-
rable control plot, just following harvesting the fruit when the
plants were approximately 20 months old. Greater extent
of root growth, including abundance of fine feeding-branch
rootlets in the treated plots, was strikingly evident. The
three control plants showed Heferodera radicicola infestation
in 90 per cent of all roots, while treated plants showed only
30 per cent infestation. These differences in root systems
were paralleled by very obvious differences in the aerial parts .
of the plants. The untreated plants had an average lateral
spread or total width of 45 inches and a height of 35 inches;
the treated plants showed 55 inches spread, and 45 inches
height, a difference of well over 20 per cent in both measure-
ments. Pineapple-yield differences were striking. The 180-
pound chloropicrin bed yielded in plant crop 11.8 tons more
than the control, a difference of 57.0 per cent. Figure 1
illustrates the condition of these two rows at first ratoon-crop
stage, the third summer after planting.

In another experiment chloropicrin applications were made
by means of the Vermorel applicator; at rates varying between
45 and 185 pounds per acre,
just prior to planting on
August 23, 1929. On Octo-
ber 18, 1930, approximately
14 months after planting,
two plants chosen by the
authors as representative
were removed with roots in-
tact from each of several of
the treatments which
showed above-ground differ-
‘ences in vigor of growth.
Since the size of samples was
g0 inadequate (two plants
only, out of several hundred
in each lot), a detailed
classification of results could
not be considered as hav-
ing much significance. It
will be recorded only that:
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(1) of the twelve plants examined, the two from the bed
receiving the heaviest application of chloropicrin (bed 17,
180 pounds per acre) ranked first in vigor of top and root
growth, and ranked lowest in amount of nematode root knot
and of root-lesion nematode infestation (7ylenchus brachyurus
Godfrey); (2) plants from beds 2 and 16 (controls) ranked last
in vigor of growth and among the highest in amount of root
knot and T'ylenchus; other treatments examined, ranging from
120 to 145 pounds per acre, variously applied as regards
spacing, etc., gave intermediate results; and (3) yield records

®
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of the paper and in the three spaces between pineapple rows
through the paper. On March 26 to 31, 1931, the indicator
plants, being approximately 30 days old from seeding, were
removed from the soil by means of trowels with the root
systems as complete as possible. These plants were tied in
bundles and labeled as to source. There were in all some
thirteen thousand of them from the two locations. The
plants were taken to the laboratory, and height to the growing
point was measured; tops were removed, and plants, still in
labeled bundles, were immersed in 2 per cent (commercial)
formaldehyde. The roots were then
available for examination at leisure
as to degree of nematode infestation.
Height of plants in each bed and
average degree of infestation of the
cowpea roots were recorded. Read-
ings on infestation were obtained in
the form of numbers of plants in each
of several different classes as to degree
of infestation, ranging from 0, through
trace (1 to 10 galls per plant), slight
(10 to 50 galls), medium (50 to 100
galls), and heavy (100 galls up per

plant). This was an arbitrary classi-
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Ficure 2. Hevemano Test No. 1

Chart shows percentages of plants with different
degrees of nematode infestation for each of the
several different chloropicrin treatments.

showed a difference in plant crop of 7.1 tons per acre over the
average of controls, a difference of 21.8 per cent in favor of
the best treatment.

ExPERIMENTS WITH COWPEA INDICATOR

Pursuant to these continuously favorable results, further
experiments were initiated and an effort was made £o measure
more exactly the effects of treatments on nematodes. Treat-
ments were applied in two different localities in the leading
pineapple section in the vincinity of Wahiawa, on Oahu.
Applications were made by means of the usual Vermorel
injector in various dosages in a series of standard plant beds
through wide (54-inch) mulching paper. Two weeks after
treatment, pineapples were planted according to the four-line
system. In this planting system, four lines of plants were set
through the one line of 54-inch paper, the lines of plants being
16 inches apart and the plants 16 inches apart in the row,
plants and spaces alternating in adjacent lines.

Actual applications were made according to the plan
indicated in Table I, the term “bed” applying to the plant
bed of four rows of plants under paper.

In cases in which more than one bed received the same
application, samples were taken only from the middle one
of three or from the one of two which lay adjacent to a
bed with a higher rate of application, in order to eliminate
in so far as possible contaminations from controls or in-
adequate lower treatments. Of such cases in Table I, beds
1, 4, 6, 8, 10, 13, 16, 18, 20, 22, 35, and 37 were selected for
sampling.

In February, 1931, 4 months after planting, differences in
pineapple growth in different plots were already strikingly
evident. At this time, in an effort to get an early determina-
tion on effects of the treatments on nematode infestation, an
indicator crop, rather than pineapple plants which would have
to be destroyed, was employed for root examination. For
this purpose, Whippoorwill cowpeas were seeded at the edges

numbers or’
(o wisf 5o ot saisfiisce cols [l vo ool o
Ficure 3. Heremano Test No. 2
Same order of treatments as Figure 2, but

additional application of ch]oroplcrm at
rate of 110 pounds per ncre between beds.

needs of this particular experiment
satisfactorily. The figures from these
tabulations were used in the prepara-
tion of the charts shown in Figures 2 to
5, which show much more clearly than
do tabulations the results of the ex-
periment.

The charts are self-explanatory. They show clearly the
benefits, in the way of enhanced plant growth and decreased
nematode infestation derived from the applications of
chloropicrin, particularly the applications of 163 pounds or
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Ficure 4. Kunia Test No. 1

more per acre. Without attempting a detailed statistical
analysis of results, certain conclusions that would appear to
be obvious because of numbers concerned are specified.

CONCLUSIONS

1. The control plots (untreated) consistently show the
lowest percentages of roots free from nematode root knot, and
correspondingly the highest percentages with heavy infesta-
tion.

2. The curves for freedom from infestation correlate
directly to a fair degree with quantities of chloropicrin ap-
plied. Certain seeming inconsistencies in this respect are to
be explained in part by differences in method of application,
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tests of which were an important part of the experiment. In
bed 6 throughout, for example, chloropicrin at the rate of 204
pounds per acre in the plant bed was applied in holes 24 inches
apart; in bed 4, receiving only 178 pounds per acre, points of
application were 18 inches apart. Figures 3 and 4 show better
control with the lighter of the two applications. It would
appear that in these two soils the better distribution of the
chemical through the soil with the closer points of application
more than balanced the benefit derived from the larger
quantity. The same relationship existed between the 125- and
the 110-pound applications, and Figures 2 and 5 show a distinct
advantage for the lighter and closer application. Both
applications, however, were irregular in effectiveness, and it
was evident that many spots were not reached effectively by
the chemical.

3. Curves for higher degrees of infestation are roughly
parallel throughout with the curve for freedom from infesta-
tion. It should be noted that the differences between lightly
and heavily infested plots would be much more accentuated if
each figure for percentage were appropriately ‘“weighted”
by multiplying by a factor representing average number of
galls per plant in its class. For example, the horizontal-lined
shading, if assigned the value 5 for each per cent of total
number of plants examined, would call for a factor of 30
(average of 10 and 50) for the diagonal shading; of 75 for the
cross hatching; and of 150 for the solid black. These figures
are arbitrary of course, since they represent not actual but
theoretical means. The picture of comparisons would be
very much the same, however, if minimum instead of theoreti-
cal mean figures were used in each class. On the selected
basis the total infection portion of column 1, Figure 2, would
be approximately 3600, as compared with 534 for column 2
and 768 for column 3. These figures obviously present a
truer picture of relative amounts of infestation left alive than
do the total lengths of all shaded portions in the charts. The
benefit derived from the heavier applications of chloropierin
in the way of reduced nematode infestation is therefore
considerably greater than is at first apparent.

TasLe 1. Prax or Curoropicrin AppricaTioN USED IN
CXPERIMENTS I AnD 11
CHLORO-
PICRIN
UNDER SprACING OF POINTS OF
Beps PAPER APPLICATION REMARKS
Lb. per
acre Inches
1,2 0 Controls
3, 4 178 18 (12 from edge)
56,7 204 24 (in 3 lines, center
and either edge)
8,9 163 18 (in 3 lines)
10, 11 136 24 (in 2 lines)
12, 13, 14 0 Controls
15, 16, 17 125 24 (in 3 lines)
18, 19 110 18 sin 2 lines)
20, 21 91 36 (in 2 lines)
22,23 83 24 (in 2 lines)
24, 25 0 Controls >
26 0 Control Subsequent beds given
additional application
of 110 1b, per acre in
“‘middles,”” between
plant beds
27, 28 178 18 (in 2 lines) Total per acre, 288 lb.
2 204 24 (in 3 lines) Total per acre, 314 b,
30 163 18 (in 3 lines) Total per acre, 273 lb.
31 136 24 (in 2 lines) Total per acre, 246 lb.
32 125 24 (in 2 lines) Total per acre, 235 lb.
33 110 18 (in 2 lines) Total per acre, 220 lb.
34 94 36 (in 2 lines) Total per acre, 204 1b.
35, 36 83 24 (in 2 lines) Total per acre, 193 lb.
37, 38 0 Control

4. An expected advantage in favor of those areas receiving

an extra application of chloropicrin in the “middles” between -

beds did not materialize, at least not to an extent commensu-
rate with the quantities involved. Figure 3, as compared with
Figure 2, appears to show such advantage, but the control
plots show equivalent or greater differences; therefore the
better control in Figure 3 cannot be considered as significant.
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Figure 5 shows no such advantage whatever over 4 in the
heavier applications, but a seeming advantage in the lighter,
in which the bed-application was inadequate of itself.

5. Measurements of growth of indicator crops were made
on all the experimental areas, and results are recorded in the
form of graphs at the bottoms of Figures 2 to 5. It is to be
noted that a line drawn through the points for height of check
plants will almost without exception orient the higher ap-
plications with consequent increased growth well above it.

Cost considerations are of course important in connection
with any chemical treatment of thesoil. A Pacific Coast firm
has quoted a tentative price of 65 cents per pound for chloro-
picrin in large quantities laid down in Honolulu. The agent
of an eastern firm is selling locally for 84 cents per pound. At
the lower figure an application of 140 pounds per acre, which
appeared to give highly satisfactory results in recent field
tests, would make the cost something like $90.00 per acre.
Improved methods of application which are being developed
may lower the quantity required per acre. Likewise increased
consumption will probably lower the costs. Cost of applica-
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Same order of treatments as Figure 4,
but additional ap £hcatwn of chloroplcnn
at rate of 110 pounds per acre between beds.

tion, even with hand applicators, will probably be less than
$5.00 per acre, and can be lowered by machine methods. The
cost figures given, when compared with yield increases, would
appear to justify extensive use of the material on badly
infested land.

Experimental work on chloropicrin for nematode control is
continuing at the Pineapple Experiment Station and at
various pineapple plantations.
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Reactions of 'Acetaldehyde over Various
Oxide Catalysts

Mavurice E. Kinsey AND HoMER ADKINS

Laboratory of Organic Chemistry, University of Wisconsin, Madison, Wis.

zinc-chromium oxide catalyst at 360° C. under a
pressure of approximately 200 atmospheres resulted
in the formation of a mixture of alcohols, aldehydes, and esters.
The fractionation of these products after hydrogenation and
hydrolysis resulted in the isolation, as the principal products
boiling below 200° C., of ethyl, n-butyl, and hexyl alcohols,
and of acetic, butyric, and caproic acids (2).
This study has been continued by determining the effect of
certain variationsin the catalyst upon the ratio of the products.

THE reactions of acetaldehyde in ethyl alcohol over a

VARIABLE SPEED
REDUCER

Figure 1. Pump VALVE AND GAGE ASSEMBLY

The essential parts of the apparatus used in carrying out the
reactions under pressure were a pump, a vaporizer, a catalyst
chamber, a condenser, a receiver, a hydraulic gage, and the
necessary valves, tubing, and connections. The pump had
two cylinders, each having an internal volume of 150 ml., one
of which at any given time was delivering and the other
receiving liquid. It was made by the Watson-Stillman Com-
pany. The liquid could be delivered at rates from 60 to
600 ml. per hour against pressures up to 1000 atmospheres.
The vaporizer was a chrome-vanadium steel bomb, similar in
construction to the catalyst chamber but having an internal
volume of only 50 ml. It was filled with !/sinch (6.4-mm.)
steel balls. The catalyst chamber was essentially the same as
that supplied by the American Instrument Company,
Washington, D. C., as their standard catalyst chamber for
ammonia synthesis on a laboratory scale, but modified, in that
external heating was used and the catalyst holder had a
capacity for about 75 ml. of catalyst. The condenser was a
/4 X Y15 inch (6.4 X 1.6 mm.) steel tubing, 3 feet (91.4 cm.)
long, inclosed in a jacket through which water was circulated.
The receiver was similar in design to the catalyst chamber
except that it had an internal volume of 200 ml. and was of
somewhat lighter construction. It was provided with an out-

let at both top and bottom so that either gas or liquid could
bé withdrawn from the system. Figures 1 and 2 illustrate
diagrammatically the arrangement of the apparatus described
above; Figures 3 and 4 are photographs of the apparatus.
The motor shown in the diagram is a 0.5 h. p. induction motor
made by the General Electric Company. The variable speed
reducer is a Reeves No. 000 variable speed transmission.
Standard reduction units are indicated, giving the ratio of
reduction. The lead screw which drives the pistons had a
pitch of four threads per inch.

Approximately 270 ml. per hour of a mixture of two parts of
acetaldehyde and one part of ethyl alcohol were pumped over
30 ml. of pellets of catalysts held at 360=5° C. under a
pressure of approximately 200 atmospheres of hydrogen.
The method of working up the liquid products from these
reactions was simplified as follows:

Samples were analyzed for aldehydes by the sodium sulfite
methmf; then 300 ml. of the condensate were subjected to
hydrogenation at 100-200 atmos(i)rheres at 175° C. over a nickel
catalyst. The absorption of hydrogen was noted, and the acid
and ester content of the hydrogenated product were determined.
Two hundred and ten grams of the hydrogenated product were
saponified with alkali. The mixture was then distilled until
the distillate, as it came over, separated into two layers. The
neutral compounds were then salted out of the distillate with

FROM FUMP

Ficure 2. Vaporizer, CATa-
Lyst CHAMBER, AND Re-
CEIVER ASSEMBLY

potassium carbonate. The residue in the distillation flask was
cooled and extracted with ether. After drying with potassium
carbonate, the ether was distilled and the residue combined
with the neutral compounds salted out from the original distillate.
The combined neutral compounds were again dried over potas-
sium carbonate and fractionated through a Widmer column,
having a glass spiral 50 cm. in length. The column was heated
externally with a coil of nichrome wire carrying a suitable current.
The alkaline residue, after the removal of the alcohols, was
evaporated almost to dryness and acidified with sulfuric acid.
Any insoluble acid was separated and the residue extracted with
ether. The insoluble acids and the ether extract were then
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combined and dried over anhydrous ma%nesium sulfate. After
removal of the ether, the acids were fractionated through a
Widmer column, externally heated and having a glass spiral
15 em. in length.

DiscussioN oF EXPERIMENTAL RESULTS

The results of the fractionation of typical mixtures are shown
in Figures 5 and 6 for several catalysts, and the data from
representative runs
on all of the catalysts
are summarized in
Table I.

The catalysts may
be compared on sev-
eral different bases,
for example:

1. Their activity
for bringing about the
reaction of acetalde-
hyde.

2. The hydrogen
number or unsatura-
tion of the products
of the condensation.

3. Their activity
for ester formation.

4. Their activity
in producing butyl
alecohol (including its
precursors, crotonic
and butyric aldehydes
and crotonyl alcohol).

5. Their activity in
Eroducing hexyl alco-

ol (and its precur-
S0rS).

6. Theireffect upon
the ratio of acids pro-
duced.

7. Their effect upon the production of resinous products
boiling above 200° C.

The values in the first column of figures in the table show
that the copper-chromium catalyst is the most active in
bringing about the reaction of acetaldehyde. There were
15.1 millimoles of acetaldehyde per gram of material passed
over the catalyst, and over 94 per cent of it underwent
reaction. The cadmium-chromium, the copper-barium-chro-
mium, and the manganese-chromium oxides were all quite
active.

The degree of unsaturation of the products is indicated by
the differences between the figures in columns 1 and 2 of the
table, for a mole of aldehyde would require 1 mole of hydrogen
for its hydrogenation. These differences show that copper-
chromium and silver-chromium oxides are either least active
for the reactions which form alkene linkages, or are most active
for catalysis of their hydrogenation.

FiGure 3.

and in
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The copper-chromium oxide catalyst is by far the most
active for ester formation, . e.,for bringing about the autoxida-
tion reduction of an aldehyde according to the equation:

RCHO + RCHO = RCO,CH:R 1)

Cadmium-chromium and silver-chromium oxides are also
quite active for this reaction.

The catalysts differ
less with respect to
butyl alcohol forma-
tion than when meas-
ured by any other
standard. This fact,
taken in conjunction
with the observation
that large amounts of
butyl alcohol are pro-
duced over glass beads
and steel balls, indi-
cates that the aldol
reaction (Equation 2)
on which the forma-
tion of butyl alcohol
is supposed to depend
takes place over al-
most any surface at
360° C.

2CH;CHO =
CH:CHOHCH:C(I;)O

ControL PANEL ror H1GH-PRESSURE LABORATORY
Valves and gage of Figures 1 and 2 are at left-hand end of panel. The layout, pictured here

The formation of
hexyl alcohol appears
: to be much more
dependent upon the nature of the contact mass than are any
of the other reactions except the formation of esters. Four-
teen grams of hexyl alcohol were recently obtained from an
experiment involving the passage of twenty times as much
acetaldehyde over a zine-chromium catalyst as was used in the
catalyst-testing experiments now reported. Such a yield of
hexyl alcohol would not be detected on the scale of operations
which is now under consideration so that the yield of hexyl
alcohol for ecomparative purposes is recorded in this paper as
zero for the zinc-chromium oxide catalyst. - It will thus be
obvious that relatively rather large yields of hexyl alcohol
were produced on copper-chromium, silver-chromium, and
copper-barium-chromium oxides.

There appeared to be little variation in the weights of
caproic acid produced over various catalysts, whereas the
weights of butyric acid obtained varied from zero to 11.7
grams. The parallelism between the production of butyric

TasrLe I. Propucts FroyM REACTION OF ACETALDEHYDE OVER VARIOUS CATALYSTS
He BuryL Hexyn AceTric Buryric Carrolc
CATALYSTS ALDEHYDE  ABSORBED EsTER?® AvrconoL AvLcoHOL Acip CiD Acip Resipue
Millimoles per gram Grams per 210 grams of hydrogenated product
Cu-Cr oxides 0.88 3.17 4.64 23.0 6.0 27.0 11.7 6.2 10.0
Cd-Cr oxides 1.50 3.93 3.19 14.0 0.0 16.6 4.2 6.0 20.0
Ag-Cr oxides 3.12 5.13 3.16 20.0 7.0 15.0 5.2 5.0 16.0
Cu-Cr-Ba oxides 1.31 4.45 2.26 23.0 7.0 7.0 8.2 7.5 27.0
Co-Cr oxides 2.22 5.46 2.10 15.0 4.0 9.0 3.0 5.2 27.5
Cr oxide 2.67 6.16 1.98 16.0 0.0 7.2 0.0 6.0 27.6
Cu-Mo oxides 3.75 6.51 1.91 17.0 3.0 5.7 2.5 6.2 29.0
Zn-Cr oxides 3.51 6.75 1.80 16.0 0.0 7.4 1.0 6.5 29.0
Zn-Cr oxides (Na:SOq) 1.86 5.01 1.76 16.0 2.0 5.1 1.5 8.0 37.0
Cu-V oxides 3.67 6.44 1.60 16.0 3.0 5.0 1.0 6.0 29.0
Mg-Cr oxides 2.85 5.40 1.47 16.0 2.0 2.2 0.0 6.5 40.0
Fe-Cr oxides 3.81 7.13 1.40 17.0 0.0 4.3 0.0 5.5 32.0
Mn-Cr oxides 1.67 5. 1.36 11.0 2.0 3.0 0.0 6.2 50.5
(Ni-Cr oxides)b (2.74) (3.84) (1.35) (18.0) (10.0) (2.6) (4.2) (2.2) (16.0)
Glass beads 3.24 6.53 1.14 14.0 2.0 0.8 0.0 11.0 36.0
Steel balls 7.24 9.86 0.63 20.0 0.0 0.8 0.0 0.0 19.0

@ The ester determination was made on the hydrogenated product; 28 - 4 per cent of the ester had been hydrolyzed durin

the various operations.

b The data on the nickel catalyst should not be compared with that on the other catalysts because 35 to 45 per cent of the aldehyde was decomposed

into’gaseous products.
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and acetic acids, the rather constant yield of caproic acid, and
the large yield of caproic acid almost free of acetic and butyric
acids over glass beads indicate that the acetic and butyric
acids are produced by a similar mechanism (i. e., as in Equa-
tions 1 and 2) while caproic acid is formed by an entirely
different chain of reactions. It may be recalled that a
similar conclusion was drawn in the previous paper (2) on the
basis of the relative yields of hexyl alcohol and caproic acid.

PREFERENTIAL REDUCTION OF CROTONALDEHYDE

Through an oversight, there was not presented in the
previous paper any evidence in support of the occurrence of
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Ficure 4. HicH-PRESSURE LABORATORY

Feed pump, vaporizer, catalyst chamber, condenser, and receiver repre-
sented in Figures 1 and 2 are in right background. Hydraulic pump for
compressing gas in tall eylinders nmftwo outfits for hydrogenation in batch
lots shown in foreground.

the reaction there listed as VIII. This reaction involved the
reduction of an aldehyde group by alcohol as indicated for
crotonic aldehyde and ethyl alcohol:

CH;CH =CHCHO + C.H.OH =
CH;CH=CHCH,OH + CH;CHO (3)

That this reaction does occur over a zine-chromium oxide
catalyst was shown in the following experiment: A solution
containing one part of crotonaldehyde to 2 parts of ethyl
alcohol was passed at the rate of 270 ml. per hour over 30 ml.
of zine-chromium oxide pellets at 360° C. under a pressure of
200 atmospheres of hydrogen. The product was fractionated,
and in one experiment 27 grams (boiling point 115-120° C.) of
a product were obtained. This material had a refractive
index, 2% of 1.4235. The value given in the Inter-
national Critical Tables (5) for crotonyl alcohol is 1.4240.
This value would indicate that the product (boiling point
115-120° C.) was rather pure crotonyl alcohol. However,
when it was subjected to hydrogenation over nickel, the
hydrogen absorption was 83.5 per cent as great as it should
have been for pure crotonyl alcohol. This determination
may well have been several per cent in error, but the value
shows conclusively that the product was not pure crotonyl
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alcohol. The calculated refractive index for crotonyl aleoho
is 1.4263 n%). The value given in the International Critical
Tables (5) for n-butyl alcohol is 1.3993 n%.  If the impurity
in the sample of crotonyl alcohol is butyl alcohol, and the
variation in refractive indices of mixtures of the two alcohols
is a linear function of the percentage composition, then the
sample of crotonyl alcohol under consideration was approxi-
mately 90 per cent pure. The first premise noted above is
justified by the fact that the reduction product of the mixture
had the correct boiling point for n-butyl aleohol and gave a
dinitrobenzoate having the correct melting point—63° C.
The 3, 5-dinitrobenzoate prepared from the sample of un-
saturated alcohol had a melting point of 58-59° C. A deter-
mination of the melting point of a mixture of this compound
with the dinitrobenzoate of butyl alcohol showed a melting
point of 51-53° C. The above data indicate that the sample
of crotonyl aleohol obtained was from 80-90 per cent pure,
containing 10 to 20 per cent of n-butyl alcohol which boils
only 2-3° C. lower than does the unsaturated alcohol. It ap-
pears that the true refractive index of pure crotonyl alcohol
is somewhat higher than the value recorded in the Inter-
national Critical Tables. The yield of crotonyl alcohol was
18 per cent, based upon the amount of crotonaldehyde passed
over the catalyst.

PREPARATION OF CATALYSTS

The catalysts containing chromium and either copper,
zine, manganese, magnesium nickel, silver, cobalt, or cadmium
were prepared by the decomposition of the ammonium
chromates as patented by Lazier and described elsewhere (7).
The ammonium chromates of magnesium, silver, and cadmium
did not decompose spontaneously but required continual
heating in order to complete the decomposition. Sodium
sulfate was incorporated into the zinc-chromium oxide by
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DistiLeaTion CURVES FOR AciDS OBTAINED FROM
ACETALDEHYDE OVER CERTAIN CATALYSTS

Dotted portions indicate weights of residue not volatile at highest tempera-
ture indicated on curve.

Ficure 5.

adding an aqueous solution containing 5 grams of it to 100
grams of the zine-chromium oxide. The catalyst containing
iron-chromium oxide was made according to the general
method, except that the solution was heated to 90° C. in order
to secure a more completely precipitated chromate. The
copper ammonium vanadate was prepared by adding a solu-
tion containing 1 mole of copper nitrate to a hot solution
of 1 mole of ammonium metavanadate. The dried pre-
cipitate was decomposed by heating. The copper am-
monium molybdate was precipitated by mixing solutions
containing equimolecular quantities of copper nitrate and
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ammonium molybdate. The dried, green precipitate was
readily decomposed. It was washed with a 10 per cent
solution of acetic acid. The catalyst containing barium was
prepared as described elsewhere (3). Chromium oxide was
prepared by the decomposition of ammonium dichromate.

210",
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Ficure 6. DistiLuatioNn CURVES FOR NEUTRAL CoMPOUNDS
OBTAINED FROM ACETALDEHYDE OVER CERTAIN CATALYSTS'
Dotted portions indicate weights of residue not volatile at highest tempera-

ture indicated on curve.
All of the above catalysts were compressed into pellets and so
placed in the catalyst chamber. The glass beads used were
6.4 mm. in diameter, while the steel balls were of a similar
size and were such as are used for ball bearings. They had
been etched with hydrochloric acid and thoroughly washed.

i Cowmrosition or CorPER-CHROMIUM OXIDE CATALYSTS.
The copper in the catalysts as placed in the chamber was in the
divalent state. However, under the conditions of the reaction
it was almost immediately reduced to the metallic state (4).
It is probable that in some other cases one or more components
of the catalyst were reduced during their use.

SUMMARY

A study has been made of the condensation of acetaldehyde
at 360° C. and 200 atmospheres pressure, over oxide catalysts
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containing (1) chromium; (2) chromium and either copper, or
(3) cadmium, or (4) silver, or (5) cobalt, or (6) zinc, or
(7) magnesium, or (8) iron, or (9) manganese, or (10) nickel;
(11) copper and either vanadium, or (12) molybdenum;
(13) copper, barium, and chromium; and (14) zine, chromium,
and sodium sulfate. Steel balls and glass beads were also used
as contact reagents.

All of these contact reagents bring about the formation of
similar amounts of n-butyl alcohol so that it appears that
almost any surface at 360° C. will cause the aldol reaction on
which depends the formation of the precursors of butyl
alcohol.  All the contact reagents, except the glass beads and
steel balls and the catalyst containing nickel, gave similar
amounts of caproic acid. The glass beads gave almost twice
as much caproic acid as any other contact mass, while steel
balls showed no activity in this respect. The amounts of
esters produced over the catalyst varied more than seven fold.
Disregarding the esters in the nonvolatile portion, the yields of
acetic and butyric acid varied from a total of 0.8 to 38.7 grams.
The catalyst containing copper and chromium was by far the
most active for the production of esters, while those containing
cadmium or silver with chromium were rather active in this
respect.

The yield of high-boiling resins was particularly large over
catalysts containing magnesium or manganese. The intro-
duction of barium or sodium sulfate into a catalyst increased
the yield of these high-boiling tars.

It has been demonstrated that an aldehyde group in an un-
saturated aldehyde (crotonic) can be reduced to a carbinol
group through the use of an alcohol (ethyl) without
hydrogenating the alkene linkage to any considerable extent.
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Eftect of Cold-Rolling and Annealing on
Solubility of Cartridge Brass in Chromic Acid

JosepH D. ParenT, Rensselaer Polytechnic Institute, Troy, N. Y.

the corrosion of brass with regard to its relation to grain

size, or mechanical and thermal treatment. Although a
limited amount of information is available, it presents a wide
variation both in actual results and in theoretical discussions
and conclusions. Probably the most notable work has been
carried out by Bassett (7, 2), Lasche (6), Haas (), and
Davidenkov and Bugakov (3). The last-named authors have
just published what appears to be the first attempt to corre-
late physical properties with corrosion losses.

It has been the experience of various investigators on
plotting the physical properties of a-brass against the degree
of cold work, that there is a critical region in which the curves
suddenly change in slope, and then continue again as before.
Davidenkov and Bugakov (3) have shown that the curve
expressing the solubility in nitric acid plotted against the
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Ficure 1.

degree of cold-rolling exhibits the same characteristic. Sub-
sequent annealing at 200° C. removed the break in the
solubility and hardness curves. These authors also measured
the inner stresses and showed that the peculiarity exhibited by
the above-mentioned curves is due to this factor.

The effect of grain size on the corrosion rate has been
investigated by Desch and Whyte (4) and several others, but
in practically all cases the material investigated lay in the
(a + B) region. Their results are not concordant. As far as
can be ascertained, no investigation has been carried out on
the effect of variation of grain orientations. Moreover, the
effect of annealing is quite indeterminate, as results from
different sources do not agree.

The material used in this investigation was cartridge brass
in sheet form, having the following chemical composition:
66.75 per cent copper; 33.09 per cent zine; 0.12 per cent lead;
0.04 per cent iron. It consisted therefore of a single phase,
the a-solid solution. The material had been annealed at
600° C. in order to free it from the effects of working, and was
afterwards cold-rolled until the following reductions in thick-
ness were effected in different samples: 0, 6, 10, 19, 27, 37,
49, 60, and 67 per cent. These samples were numbered from
1 to 9, and divided into three series. The first series was not
subjected to any further treatment; the second was annealed
for 30 minutes at 450° C., and the third for 30 minutes at
800° C.

PROCEDURE

SoLUBILITY DETERMINATIONS. Specimens used here were
approximately 5.0 cm. long and 2.5 cm. wide. They were
polished with No. 1 and No. 0 emery paper, and cleaned first
with soap and water and then with alcohol. The corroding
medium employed was an aqueous solution containing 50
grams Na,Cr.07-2H,0 and 35 cc. concentrated sulfuric acid
(sp. gr. 1.84) per liter. Two liters of this were used for each
run, each sample being run separately. The decrease in
active constituents during the complete test period amounted
to 1.5 to 2 per cent.

A weighed sample of known dimensions was set in a glass
stirrer below the surface of the solution, and the stirrer set in
motion by a motor. The sample was cleaned, dried, and
weighed after exposures of 20, 40, 60, and 80 minutes. The
temperature was kept at 20.0° = 0.1° C.

The essential parts of the apparatus used are shown in
Figures 1 and 2. The regulator reservoir was filled with
toluene and the U-tube with mercury. The heating element
was a 100-watt lamp. The stirrer in the corroding solution
was made of glass; and that in the outer bath, of copper tub-
ing. The glass stirrer, in which the sample was set, had small
glass prongs to keep the sample from slipping out.

The Rockwell hardness, grain size, and grain orientations
were then determined for each sample. The first two were
ascertained by the usual methods. The
grain orientations were determined by 9
one of Tammann’s methods (8—11) as
subsequently described.

GRAIN-ORIENTATION DETERMINA-
TIONS. Lattice planes of different in-
dices lie in the polished surface of a
metal conglomerate if the grains are
oriented at random. On etching this
surface there arise very minute etching
pits or hills whose boundaries are squares
on cube planes, triangles on octahedral
planes, and furrows on dodecahedral
planes. If one illuminates this surface
under the microscope with oblique in-
cident diffuse light, some grains appear
dark and others light. On rotating the
specimen about the axis of the micro-
scope tube, the positions of these bright and dark areas inter-
change. All grains are found to reflect either two, three, or
four times on one complete revolution, depending on whether
there are dodecahedral, octahedral, or cube planes lying in
the surface.

On etching, the planes of higher indices are quickly cleared
off, leaving lattice planes which are more densely packed.
On these, almost the same eteh figures result so that the
reflection produced on rotation is the same as for cube, octa-
hedral, or dodecahedral planes. Thus, etch figures of cube
planes would arise on all tetrahexahedral planes with the
indices varying from (100) to (210), whereas on those between
(210) and (110) the etch figures of the dodecahedral plane
would be formed. All the planes would be distributed among
the three chief classes as follows:
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PLANES

Thickly

packed Cube (001) Octahedron (111) Dodecahedron (011)
Less thickly Tetrahexahedron Trapezohedron Trigonal trisocta-

packed Trapezohedron Trigonal trisocta- hedron

hedron ° Hexoctahedron
Hexoctahedron Tetrahexahedron

One cannot therefore find out the exact crystallographic
planes lying in the surface, but one may determine to which
of the three classes they belong. To determine the orienta-
tion numerically, one need only count how many of a given
number of grains reflect two, three, or four times on rotating
360° as described above.

Table I indicates the results of these tests.

TasLe I. Resvrrs or OrieNTATION TESTS

Dobeca- Ocra-
SAMPLE HEDRON HEDRON Cuse
%o % o
1B (0)@ 98 2 0
2B %0) 94 2 4
3B (0) 90 10 0
4B (0) 94 6 0
5C (0 94 6 0
6B (0 96 2 2
7B (0 98 2 0
8C (0) 100 0 0
9C (0) 100 0 0
1C 5450) 92 8 0
2B (450) 92 4 4
3C %450) 90 10500 0
4C (450) 94 6 0
5B 450; 98 2 0
6C (450 100 0 0
7C (450) 100 0 0
8B (450) 100 0 0
9B (450) 100 0 0
1C (800) 96 4 0
2B (800) 90 6 4
3C (800) 86 14 0
4C (800) 92 8 0
5B (800) 94 6 0
6C (800) 96 4 0
7B (800) 98 2 0
8C %800) 100 0 0
9C (800) 100 0 0

@ The numbers in parentheses indicate temperature of annealing in ° C.;
0 indicates no annealing.

The results of the corrosion tests are embodied in Figure 3,
while Figure 4 shows the hardness and grain-size measure-
ments as well as those of the corrosion. From the graphs it is
evident that the series annealed at 800° C. is more resistant to
corrosion than the two other series. Also, the critical range
in the unannealed series, as mentioned by Davidenkov and
Bugakov (3), is noted here in the solubility and hardness
curves. Likewise it may be seen that below the critical range
of 20 to 30 per cent reduction, the series annealed at 450° C.
is more soluble than that which was not annealed; beyond
this range the order is reversed, so that in this region the
higher the temperature of annealing, the greater is the resist-
ance to corrosion.

There is no break in the grain-size curve in the critical
region, so that there must be a change of some sort in the
physical nature of the grains. Moreover, there is no break
in the curves of the annealed series in this range.

The solubility and hardness curves of the series annealed at
450° C. show a change in direction in the range of 5 to 10 per
cent reduction. From the grain-size curve and from micro-
scopic observation it is seen that recrystallization has barely
started in this region, but that beyond this it is complete.
The increase in solubility here may be attributed to an
electrochemical acceleration due to the voltaic effects arising
from the difference in solution pressures of the large and small
grains, the latter being the equiaxed grains formed on re-
crystallization. This is not due intrinsically to the shape or
size of the grains, but rather to the fact that the small grains
are unstressed and the large ones are stressed.

The proof that the large ones are stressed lies in the fact
that annealing at a higher temperature causes further grain
refinement. It is quite logical to assume that the stressed
material, having a higher energy content, would be more
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soluble. This is why the solubility decreases beyond the
critical range with the increase in annealing temperature.
There are no breaks in the curves for the series annealed at
800° C. The values on the solubility curve are inclined to be
somewhat erratic. This is possibly due to overheating, the
sample not being chemically homogeneous because of the
appearance of the p-phase at that elevated temperature.
The mode of corrosion noted here is different from that noted
elsewhere; there is considerable surface pitting and a small
amount of dezincification. It is the experience of von
Schwarz (12) that coarse grains in a-brass are favorable to
this type of corrosion. Likewise, several other investigators
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have found that this overheated material gives erratic results
in corrosion tests.

The only peculiarity of the corrosion curves remaining
unexplained is the region up to 10 to 15 per cent reduction in
the unannealed series. What changes here is the grain
orientation. It is seen that a curve representing the percent-
age of dodecahedral planes in the plane of rolling, which is
also the surface exposed to the corroding medium, would be
parallel to the solubility curve. That this would suffice to
cause differences in solubility is recognized by mineralogists.
Some crystal faces offer a much more marked resistance to
etching than others.

Tt is true that the same type of orientation change is noted
in the other series without much effect, but it must be re-
membered that the conditions of stress, ete., which probably
are more influential factors, are quite different.

Several of the results obtained differ from those previously
published for a-brass, but it should be borne in mind not only

that materials of different chemical composition, but also.

different corroding media, and varying sizes of samples, etc.,
have been used. Until all factors of importance are standard-
ized, no hope of completely checking results and conclusions
can be entertained (7).
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In conclusion, it may be stated, regarding corrosion work
of this sort, that the grain size in itself gives no indication of
the corrosion loss to be expected. The factors of importance
are: inner stresses; chemical homogeneity; physical homo-
geneity; and orientation of the grains.
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Impure Iron Oxide as a Rubber Pigment
[. Effect of Ferric Sulfate on Cure and Aging of Rubber

Josepr W. Ayers, C. K. Williams and Company, Easton, Pa.

OMMERCIAL ferric ox-
G ide, commonly used as

a coloring agent of red,
tan, and brown rubber stock,
invariably contains a small per-
centage of soluble ferric sulfate.
The amount present varies from
0.005 to 4 per cent, depending
upon the method used in the
manufacture of the ferric
oxide.

a high rale of cure.

MANUFACTURE OF IRON OXIDE

Crystal ferrous sulfate, re-
claimed from waste-steel pickling
liquors, is oxidized in rotary kilns. Oxidation reactions which
take place in the kiln are not completely understood, but it is
supposed that part of the ferrous sulfate is first converted to
the basic sulfate and then to ferric oxide with the formation
of sulfur trioxide and sulfur dioxide. Some of the unde-
composed ferrous sulfate is then oxidized by the sulfur tri-
oxide and oxygen to ferric sulfate, which is then converted to
ferric oxide and sulfur trioxide.

Complete conversion of the ferric sulfate to the ferric oxide
is not commercially possible without harmfully affecting the
color and brilliance of the pigment. After calcination, the
remaining soluble salts are removed by decantation with water.
Part of the ferric sulfate is adsorbed by the ferric oxide, and
great difficulties are encountered in washing out the last
traces of this salt.

The detrimental effects of ferric sulfate are overcome by
treating the oxide with sodium carbonate as shown in the
following experiments.

The {iraces of free ferric sulfale present in
oxide of iron are shown by experiment to cause
acceleraled aging of rubber.
markedly relards the rate of cure.
treated with sodium carbonale in solution to
change the soluble ferric sulfate lo insoluble
ferric carbonale, shows good aging properties and
Aggregates of oxide of iron
caused by ferric sulfale during ils manufacture
increase in frequency and size, and the color
value of the pigment decreases as the percentage
of retained ferric salt increases.

MgeTHODS OF TEST

All compounds were milled on
a Farrell-Birmingham labora-
tory experimental mill. Care
was taken that each batch was
milled for exactly the same
length of time and also cut back
the same number of times on
the rolls.

Master batches of all com-
pounds were first milled, to which
the color and accelerator were
added just previous to cure.

A standard 6 X 6 inch four-
cavity mold was used in curing
the test slabs. An insulated press with cast-iron platens with
automatic recording temperature and pressure gages was
used, the surface of the platens having previously been tested
for uniform heat transfer with a thermocouple.

All cured slabs were kept at an even temperature and
humidity for 24 hours before breaking on a Scott testing
machine. The elongation was taken visually from a measur-
ing tape, the rate of elongation being 20 inches (50.8 cm.) per
minute.

Acing Tests. Uniform oxygen pressure 300 pounds per
square inch (21.1 kg. per sq. cm.) was supplied from an oxy-
gen cylinder to a standard Bierer-Davis bomb, completely
submerged in a thermostatically controlled circulating water
bath at 60° C.

Circulating air was supplied to a standard Geer oven by an
electric fan, the oven being electrically heated to 70° C. and
thermostatically controlled. {

ControL Trsts. Cure curves were run on all compounds

This impurity
Ozide of iron,
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TasLe I.  Errect oF FErric SULFATE 1N BomB Acing TEsts (Series I)

FERRIC Eroxga- AFTER AGING ELONGA- AFTER AGING EvroNca- AFTER AGING EvroNaa-

SULFATE BEFORE AGING TION 24 Hours TION 48 Hours TION 72 Hours TION
% Kg./em.2 (Lb./in.?) % Kg./em.2 (Lb./in.?) % Kg./em.2 (Lb./in.?) % Kg./em.2 (Lb./in.?) %
Normal 206 3075) 770" 224 53282) 730 231 (3278) 667 206 (2930) 650
0.50 201 2885) 765 249 3535) 706 220 (3120) 636 250 (3550) 653
1.00 209 2070) 718 250 (3547) 686 249 (3540) 636 243 (3460) 580
2.50 197 E?BOO) 751 199 (2820) 686 236 (3355) 673 240 (3410) 646
6.00 158 2250) 686 203 (2885) 630 215 (3055) 640 208 (2950) 636
TasrLe II. Errecr or Soprum CARBONATE 1N Boms AcinG TEsts (SERIES 1)

Sop1um EroNaa- AFTER AGING EroNGa- AFTER AGING EvroNga- AFTER AGING ELoNGA-
CARBONATE BeFoRe AGING TION 24 Hours TION 48 Hours TION 72 Hours TION
% Kg./em.2 (Lb./in.2) % Kg./em.2 (Lb./in.?) % Kg./em.2 (Lb./in.%) %% Kg./em.® (Lb./in.?) %
0.03 205 (2910) 770 254 (3730) 740 254 (3610) 683 278 3955) 683
0.10 205 (2910) 750 257 (3650) 736 268 (3810) 693 270 (3835) 683
0.60 221 (3143) 755 244 é3475) 743 2656 (3760) 686 275 (3900) 683
2.00 210 (2980) 778 252 3580) 13 262 (3715) 680 267 (3790) 653

used in this work to determine the optimum point of each.
The hand-tear test was not applied. Curing times sufficient
to bring the stock to the point just below the optimum were
chosen.

The aging tests were grouped into two series—namely, the
sulfate series and the carbonate series.
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Ficure 2.

The control samples were run through the laboratory at
the same time as the prepared samples so that all associated
test batches were subjected to the same conditions.

A standard red oxide of iron of the following analysis was
chosen for the experiments:

) %o
Oxide of iron 099.15 Manganese 0.0227
Silicon dioxide 0.29 Calcium oxide 0.146
Alumina 0.10 Magnesium oxide 0.02
Total soluble sulfates® 0.13 Water 0.28
Copper 0.0042

@ Includes salts of magnesium and calcium from wash water.

SERTES [

The following standard blanc-fixé red oxide of iron tube
compound was chosen for the first series of experiments:

Grams Grams
Pale crepe 66.00 Stearic acid 0.50
Zinc oxide 3.50 Sulfur 1.625
Lithopone 3.00 Captax 0.75
Blanc fixé 24.00 Oxide of iron 2.00

Cure, 8 minutes: 4.2 kg. per 8q. cm. (60 Ib. per sq. in.).

The use of Captax as an accelerator might be criticized be-
cause of its good aging characteristics which might offset any
slight deteriorating effect of the ferric sulfate present in the
oxide of iron. This compound represents plant practices
and was chosen for this reason.

Bomb aging tests were run on the above compound at 60° C.
and 21.1 kg. per square centimeter (300 pounds per square
inch). The results are shown in Table I and Figure 1.

Four samples of oxide of iron were treated with solutions of
increasing concentrations of ferric sulfate, after which they
were dried, repulverized, and compounded into the above tube
stock. The amount of ferric sulfate present in each oxide, as
indicated in Table I, was calculated on the weight of the
oxide of iron present in the compound, and includes the
amount of ferric sulfate present in the oxide of iron as shown in
the analysis above.
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Ficure 3. Errecr oF INCREASING
PERCENTAGES OF FERRIC SULFATE
(Sentes IT)

Sample 4 containing 6 per cent ferric sulfate, calculated on
the weight of the oxide of iron, equal to 0.1 per cent of the
total weight of the compound or 0.18 per cent of the weight, of
the rubber present, caused a marked retardation of cure and
also a decrease in tensile properties after 72 hours of bomb

aging.

The same oxide of iron was treated with solutions of sodium
carbonate of varying concentrations, after which they were
washed, dried, repulverized, and incorporated in the tube
compound. In this manner the soluble ferric sulfateTwas
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converted to insoluble ferric carbonate. The percentage of
sodium carbonate in the prepared samples is the analyzed
alkalinity of each. Excess sodium carbonate is unquestion-
ably responsible for some of the accelerated cure shown in the
data. High percentages of sodium carbonate were used in
samples 3 and 4 to determine the effect of a large excess of this
material.

These four samples were bomb aged, the results of which
are shown in Table IT and Figure 2.

The results show an acceleration of cure and an average
tensile strength of 19 kg. per square centimeter (270 pounds
per square inch) higher than the same oxide containing only
traces of ferric sulfate.
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Ficure 5. EFFECT OF INCREASING PERCENTAGES OF

Fenrric SuLFATE (OVEN AGING)

The oxide treated with sodium carbonate moved towards
the stress axis of the stress-strain curve as indicated by the
comparative elongation figures in Tables T and IT.
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SERIES 1T

A second series of tests was run, using a standard D. P. G.
test compound having poor aging characteristics to exaggerate
the deteriorating properties of ferric sulfate:

Grams
Rubber 100.00
Zinc oxide 5.00
Sulfur 4.00
D. P. G. 0.75
Oxide of iron 25.00

Cure, 60 minutes: 2.7 kg. per sq. cm. (38 lb. per eq. in.).

This compound was first bomb aged, leaving out all oxide of
iron. No attempt was made to substitute another filler for
the oxide.

Four samples of oxide were treated with ferric sulfate and
four with sodium carbonate as in series I. The amount of
ferric sulfate present in each oxide sample as indicated in
Table III was calculated on the weight of the oxide of iron
present in the compound and includes the amount of ferric
sulfate present in the oxide of iron as shown in the analysis
above.
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Ficure 6. ErrFecT oF INCREASING PERCENTAGES OF
Sobrum CARBONATE (OVEN AGING)

The percentage of sodium carbonate in the prepared samples
is the analyzed alkalinity of each.

Hach sample was incorporated in the test compound and
bomb aged.  The results are shown in Tables ITI and IV and
Figures 3 and 4.

Errect oF FERRiC SULFATES 1N Boms
AcinG Tests (Series 1I)

TasLe I1I.

EvroxN- Evox- Evron-
FERRIC GA- AFTER AGING GA- AFTER AGING GA-
SULFATE BEFORE AGING TION 24 Hours TION 48 HOURS  TION
Kg./ (Lb./ Kg./ « (Lb./ Kg./ (Lb./

% em.? int) % cm.? in?) % cmt  in3) %
No ferric

oxide 322 (3154) 755 235 (3340) 765 33  (430) 450
Ferric

oxide

com-

pound 278 (3995) 720 185 (2635) 700

0.02 179  (2535) 665 156 (2213) 660

0.10 148 §2100) 675 122 (1735; 665

1.50 112 1590; 700 67 (950, 615

4.00 73 (1035) 715 36 (510) 670

TasrLe IV. Errect oF Soprum CARBONATE 1IN BoMme
AcIing Tests (Series 1I)

Soprum EroxN- ; ELoN- EvoN-
Car- GA- AFTER AGING GA- AFTER AGING GA-
BONATE BEFORE AGING TION 24 Hours TION 48 HOURs TION

Kg./ (Lb./ Kg./ (Lb./ Kg./ (Lb./

% cm.2  in?) % cm.2  1n.2) % em.2 1n.2) %
0.03 285 (4055) 712 256 (3630} 705 32 (430) 295
0.10 278 (3950) 705 250 (3555) 695 50 (720) 395
0.60 290 (4255) 697 262 (3720) 675 36 (510; 280
2.00 271 (3850) 615 200 (2850) 585 121 (1720) 490

The results show marked retardation of cure and accelerated
aging with increasing percentages of ferric sulfate. The oxide
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of iron treated with sodium carbonate is similar in age resist-
ance to the stock containing no oxide of iron, and the accelera-~
tion of cure was very apparent after 72 hours in the bomb.
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The same tests were repeated in the Geer oven at 70° C. for
50, 100, and 150 hours. The results are shown in Tables V
and VI, and closely parallel the bomb tests.

TasrLe V. ErrEct oF Ferric SULFATE IN OvEN Acing TEsTs

FERRIC Evoxaa- AFTER AGING EroNga- AFTER AGING EvoNGA- A¥TER AGING EroNaa-
SULFATE BEFORE AGING TION 50 Hours TION 100 Hours TION 150 Hours TION
% Kg./em.2 (Lb./in.?) % Kg./cm.? (Lb./in.?) % Kg./em.2 (Lb./in.2) % Kg./em.2 (Lb./in.?) %
FI:Io f_erric_gxide 221 (3145) 765 254 (3615) 715 240 (3540) 675 210 (2980) 625
erric oxide
compound 280 (3995) 720 256 (3640; 730 238 (3770) 740 198 (2810) 710
0.02 178 (2535; 665 214 (3045 685 229 (3230) 670 121 (1715) 620
0.10 148 (2100, 675 151 (2145; 665 150 (2140) 640 69 (980) 565
1.50 112 (1590; 700 113 (1600, 685 112 (1590) 660 27 (386; 520
4.00 73 (1035 715 45 (640) 540 105 (1500) 570 2.8 (37 385
TasrLE VI. Errecr oF Soprum CARBONATE 1IN OVEN AcING TESTS
Sop1um Eronaa- AFTER AGING Eroxaga- AFTER AGING Evonaa- AFTER AGING Eronaga-
CARBONATE BEFORE AGING TION 50 Hours . TION 100 Hours TION 150 Hours TION
% Kg./cm.2 (Lb./in.?) % Kg./em.2 (Lb./in.?) % Kg./em.2 (Lb./in.?) % Kg./em.2 (Lb./in.?) %
0.03 286 (4055; 712 204 (4040) 735 278 (3950 630 198 (2810) 660
0.10 378 23950 705 291 (4125) 697 286 (4050) 675 166 (2360) 610
0.60 300 4255) 697 301 (4280; 680 276 53925) 640 165 §2350; 5756
2.00 271 (3850) 615 242 (3440 620 - 273 3880) 680 183 2600, 530

* & 4 o+ 0

I1.

INELY divided oxide of iron suspended in water is
F very sensitive to the pH value of the water. Slight
acidity will cause cohesive tension between the
particles, aggregation, and rapid settling. Conversely, slight
alkalinity will cause the fine particles to stay in suspension.
High percentages of ferric sulfate, which ionizes with a
strong acid value, are present in iron oxide in the process of
manufacture until after washing (having previously gone
through the processes of grinding and elutriation). ]

EXPERIMENTAL PROCEDURE

Oxide of iron not thoroughly washed will aggregate in the
washing and settling tanks. These aggregates reduce the
color value of the pigment and, when incorporated in rubber,
will cause poor dispersion and act as nuclei for the formation
of larger aggregates.

Five samples of oxide of iron were taken from process.
Each sample contained soluble ferric sulfate. Four of the
five samples were washed to remove part of the soluble salt.
In this manner, samples containing 0.01, 0.05, 1.0, 2.5, and
6.0 per cent ferric sulfate were retained. They were dried
and pulverized, and incorporated into the blanc-fixé tube
compounds given in Part I. Microsections were taken from
each stock by the Allen method (Z) and examined micro-
scopically. The results of the investigation are shown by the
photomicrographs in Figure 1.

A. 0.01 per cent ferric sulfate (3X 100)

B. 0.01 per cent ferric sulfate (X 500)
Ficure 1. Errect oF FERRIC SULFATE ON FORMATION OF AGGREGATES

Cause of Aggregation and Poor Dispersion of Oxide of Iron in Rubber

A shows oxide of iron containing 0.01 per cent ferric sulfate.
The frequency of aggregates is high, but their relative size is
small. B is the same as A at 500 diameters. This gives a clear
picture of the character of the aggregates present. C, D, E,
and F show the effect of increasing percentages of ferric sulfate,
The number of aggregates in F is more than twice as great as
in A; the aggregates in F are much larger than those in A.
This is clearly shown by comparing B and G. The sharp
definition of the edges of the aggregates, particularly those in
G, indicate that they act as individual particles and that the
cohesive tension between the small particles making up the
ageregate is very high. They are not broken down during the
milling of the rubber.

Discussion or ResuLrs

It is possible that the softening effect of oxide of iron when
milling it in rubber may be due to the presence of a large
percentage of aggregates as shown in the photomicrographs.
These aggregates have sharp and irregular edges which tear
apart the globular structure of the rubber.

The color-saturation point of the above oxide is reached at
2 per cent oxide of iron with the standard commercial grade of
oxide chosen for this work. Any reduction in the coloring or
tinting value of the pigment due to aggregation would be
shown by apparent fading of the stock.

If slightly increasing percentages of color are added to a
given compound, from 0 to 10 per cent for example, it will be
found that a point will be reached at which addition of more

C. 0.05 per cent ferric sulfate (X 100)
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D. 1.0 per cent ferric sulfate (X 100) E,

G. 6.0 per cent ferric sulfate (X 500)

color will not improve the overtone and brilliance of the rubber
stock. This point is conveniently called the saturation point.
It may be at 2, 3, or 8 per cent oxide of iron, depending on the
hiding power of the other compounding pigments, on the color
of the rubber, or reclaim, or the tinting value of the oxide
of iron itself.
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Ficure 2. EFrrEcT oF FERRIC SULFATE oN CoLOR VALUE

The tinting value of a pigment having a particle size greater
than the wave length of the corresponding color in the spectrum
is proportional to the fineness of the color. Stated in another
way, tinting value is proportional to the specific surface of a
unit weight of a pigment. The specific surface of an impal-
pable pigmentisreduced by aggregation of the finer particles—
the more aggregates present, the less the specific surface and
the lower the tinting value.

Examination of the five stocks, containing increasing

AND ENGINEERING

2.5 per cent ferric sulfate (X 100) F.

Ficure 1.
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6.0 per cent ferric sulfate (X 100)

ErrFect oF FeErric SULFATE oN FoRMATION
OF AGGREGATES (Concluded)

amounts of ferric sulfate, for color showed the color to fade in
proportion to the amount of ferric sulfate present in the oxide.
Sample 5 faded to such an entent that the stock was only a
faint pink. The results are shown graphically in Figure 2.

SUMMARY

1. Traces of ferric sulfate in oxide of iron will accelerate
aging of rubber.

2. Traces of ferric sulfate in oxide of iron will cut down the
rate of cure of rubber.

3. The Bierer-Davis bomb aging tests and the Geer oven
tests lead to the same conclusions, although the stocks per-
form differently in each case.

4, By changing the ferric sulfate to ferrous carbonate with
sodium carbonate in solution and washing out the residual
sodium sulfate, the ferric sulfate is neutralized to an inactive
salt.

5. Iron oxide aggregated by ferric sulfate will not break
down on milling in rubber.

6. Increased aggregation reduces the specific surface and
the coloring or tinting value of the pigment.

LireraTURE CITED
(1) Allen, R. P., Inp. Exc. CHEM., Anal. Ed., 2,'311 (1930).

Rece1vep September 10, 1931. Presented before the Division of Rubber
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NEw WrAPPING MATERIAL PRODUCED

A new wrapping material, known as Kodapak and manufac-
tured from cellulose acetate, is being produced by the Eastman
Kodak Co. Kodapak differs from most transparent wrapping
materials in that, instead of being derived from wood fiber, it is
a cotton product made by the transformation of original cotton
into cellulose acetate and finally into transparent, pliable sheeting.
It has a brilliant glass-like clarity and a silvery appearance when
crumpled. Its limpness permits folding easily and neatly around
corners of packages. It is readily cemented. Kodapak success-
fully withstands the action of liquid without softening or distor-
tion of shape, is highly transparent and colorless, has no tendency
to become brittle in extreme cold, and will withstand high tem-
peratures without coloring.



Carbureting Values of Gas Oils and a New
Method for Their Evaluation

A. Hormzs, Standard Oil Co. of New Jersey, Elizabeth, N. J.

RIOR: to the introduction
P of cracking processes into
the petroleum industry,
little difficulty was experienced
by the gas companies in secur-
ing gas oils satisfactory for the
carburetion of water gas. Sub-
sequently, however, a definite
competition developed between
gas companies and refiners
operating cracking equipment
for the paraffinic gas oils, the
stocks best suited for gas-mak-
ing purposes being in greatest
demand for cracking.
demand for oils of the same
general quality by the two in-
terests resulted in the formula-
tion of specifications by the gas
companies covering the quality
of gas oil to be delivered for gas-
making purposes. Several such
specifications are illustrated in
Table 1.
It will be noted that the

This

The allempts by the gas manufaclurers to
define the qualilies which a gas oil should have
in order 1o be suilable for carbureting waler
gas have not proved entirely salisfactory so far
and, moreover, have resulled in the placing of
restrictions which tend to prevent the use of en-
tirely salisfaclory oils for this purpose. In lieu
of a satisfactory chemical method of analysis,
the carbureling values of the oils are, in some
instances, delermined in a small carbureting
apparatus in the laboralory, which is somewhal
time-consuming. A simpler method has been
proposed for evalualing the carbureting value of a
gas oil based upon specific gravily d, average
boiling point T, and light dispersion H, of the
oil. These faclors combined in the form,

Tl —-dd
H
guwve values which form a straight line on logarith-
mic paper when plotled against the gallons of oil
required per 1000 cubic feel of finished gas.

the results to the use of a 300
B.t.u. blue gas when the heat-
ing value of this gas varies
from this figure, and express-
ing the gasification value of
the oil as the number of gallons
required per 1000 cubic feet
of finished gas having a heat-
ing value of 530 B. t.u. per cubic
foot.

GRAVITY AND BOILING RANGE

Of the various qualities which
have been cited in specifica-
tions of gas oil, the gravity and
the boiling range are the most
indicative of its chemical com-
position, and therefore of its
carbureting value. Gravity
alone has but little value in
clagsifying gas oils, and the
reason for attempting to limit to
above 28° A.P.I. is not clear,
since there are many good oils
having a much lower gravity.

quality of gas oil is in most cases
described by gravity and boil-
ing-point range. This does not give the control desired, and
in many cases works a hardship on both the gas manufac-
turers and the petroleum refiner.

The present work was undertaken in order to develop a
method which would more definitely reflect the quality in a
gas oil desired by gas manufacturers, thus permitting the
selection of satisfactory stocks which are barred by present
specifications, and would be of mutual benefit to all concerned.
As a basis for this work, there existed a laboratory carbureting
method developed by the Brooklyn Union Gas Company and
recently described in detail by Murphy (2) for evaluating gas
oils by using them in actual carburetion under laboratory
conditions closely paralleling those existing in the plant.

Since the experience obtained with this apparatus in the
present work has revealed no additional information in regard
to its operation, its description will not be repeated here.
However, the petroleum refiner is more interested in compara-
tive values, and from a series of tests it appears that the
requisite information for this purpose can be obtained by
carrying out all the carbureting tests at 1500° F., correcting

TasLE 1.

A B C
Gravity, ° A. P. L. (min.) 32 28 28
Sulfur, % (max.) 1 1 0.75
Color Dark 5 ¥t
Viscosity, sec. 40
Flash 150 PM closed
B. 8. and water 1% (max.) Ry o
Carbon, % (max.) 0.1 0.3 0.25
Pour, ° F. (max,) A 33 2t
Distillation, ° F. 400-700 95% (min.) at  95% (min.) at

400-700 700

Added restriction o

¢ Saybolt universal.

This is seen from the data given
in Table II.

The boiling range, on the other hand, has much greater
significance. This must become apparent when it is con-
sidered that, in carbureting, it is sought to break the oil
down into the maximum total heating value of gaseous
products consistent with the gain in the heating value of
the finished gas. This implies that the cracking is not
extended so far as to produce appreciable amounts of hydrogen
but stops with the production of the gaseous hydrocarbons.
Obviously, in any one group of hydrocarbons, the larger the
molecule, the greater should be the volume of the gaseous
products capable of being produced from a given amount of
material. Since for any one series of homologous compounds
the boiling point increases with the size of the molecule, then
the higher the boiling point of an oil, the more desirable it
should be for carbureting purposes; thatis, of course, provided
its chemical characteristics do not change otherwise with the
change in boiling point. Practically, however, the chemical
natures of petroleum distillates from any one stock generally
do change with the boiling poinf, becoming progressively
unsaturated with the heavier fractions. This is even more

GAs-0O11 SPECIFICATIONS

D E
0.5 0.1
None None
0.5 i
0 (winter)

40 (summer)
o (min.) at 400-700. I.b. p. above 400° F. Sp. g
sctmn above 600° F, less than 0,91 (= 24.0° A.
225 ir fra.otxon above 700° ¥. less than 0.92

il

Must be straight I\iust be 100% petroleum or petroleum product
run uncracked
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noticeable with cracked distillates and is exemplified by data
in Table III under the heading of 98 per cent acid residue.

The latter fact would naturally lead to the conclusion that a
boiling restriction, such as has been prepared, would insure
the gas companies of receiving the most satisfactory oils
from any given source, irrespective of the considerations
mentioned above—namely, that they should boil as high as
possible. A series of experiments was carried out to deter-
mine the value of a boiling-range limitation as an index of
gas-oil quality for carbureting purposes. A few representa-
tive data are illustrated in Table III in which a cycle gas oil,
obtained from cracking West Texas gas oil, was distilled into
four equal fractions, and their several carbureting values
determined.

TasLe II. Data AT CARBURETING TEMPERATURE 1500° F.

Sp. Gr. GAvL./M For

60° 530 B. T. 0.
RuN  SampLE DescriprioN  GRAVITY 80° Gas

SeA P rTS

20 PGOB-30 Paraffin gas oil  25.7 0.9001 2.85
30 PGOB-50 Paraffin gas oil  27.5 0.8899 2.84
35 PUB-00 24 + gas oil 24.2 0.9088 2.94
43 OZL Medicinal oil 26.6 0.8950 2.75
51 WT-CS-FB Cracked gas oil 28.1 0.8866 3.27
44 PA-00-SE S0;: extract 27.8 0.8883 3.15

TasLeE III. CARBURETING VALUE 1s. Fracrion oF CRACKED
Stock
—————DISTILLATION: 98% GaL./M
emp. At Acip ¥or 530
I. at 650 F. Av. Rest- B.T. U.
Rux  Samrie Gravity b.p. 50% °F. b.p.b.p. bpuE Gas
APl 2 Fo 2R Vol % 2 F. 2RV ola %
20 WT-CS 25.3 350 561 80 760 571 61 3.33
50 WT-CS-FA 32.7 324 470 100 598 470 74 3.46
51 WT-CS-FB 28.1 473 517

100 578 520 68 3.27
52 WT-CS-FC 23.9 542 588 93 690 5.10
53 WT-CS-FD 16.0 600 697 8 750 693 52 3.90

It will be noted from these results that none of the fractions
would be considered as acceptable if it were required that a
satisfactory oil should not exceed 3 gallons per 1000 cubic feet
for a 530 B. t.u. gas, although the oils used in runs 50 and 51
are well within the generally accepted limits of gravity and
boiling range.

From what has been said, it appears that, instead of relying
upon a gravity and boiling-range restriction, a more satis-
factory gas oil is apt to be obtained if the range of gravity is
restricted, and if only a minimum boiling point is required.
This results from the fact that for a given gravity the best oil
is the one which has the highest boiling point. This will be
seen in Table IV in which oils are compared which have
approximately the same gravity but different boiling ranges.

TasLE IV. CARBURETING VALUES vs. Boruiné RANGE wITH
CONSTANT GRAVITY

DISTILLATION Gavr./M

Temp. At FOR 530
; at 650° F. Av. B. 1. U.
Rux SAMPLE Gravity b.p. 50% F. b.p. b.p. Gas
L7 Z gt ol TR ey T ARy T LA
54 S0-00 43.0 562 684 055060 685 2.09
34 PA-OO-XFAT 43.2 450 564 91 725 566 2,21
33 PA-00 41,9 345 543 95 702 542 2.38
40 COL-CS2-XFAT 41.5 370 450 100 565 453 2.45
41 MRL 5.6 575 683 10 757- 688 2.24
39 COL-CS1-XFAT 35.8 440 531 92 708 541 2.45
56 BLTO-00 33.6 390 466 100 596 471 3.27
57 BLTO-CS 33.5 400 460 100 575 462  3.62
32 PGOE-52 32.7 165 655 47.5 746 652 2.45
50 WT-CS-FA 32.7 324 470 100 598 470 3.46
31 PGOE-30 30.8 454 689 10 738 684 2.45
27 COL-CS-2 30.9 380 457 100 541 458 3.69
44 PA-O0-SE 27.8 355 548 91 718 545 3.15
51 WT-CS-FB 28.1 473 517 100 578 520 3.27
29 PGOB-30 25.7 296 720 1.5 777 716 2.85
45 WT-O0-SE 25.7 385 575 69 740 578 3.34
55 V-00 19.2 592 708 6 738 706 3.16
46 COL-OO0O-SE 19.0 234 540 76 703 543 4.60

These figures clearly indicate that, for a given gravity, oils
having the highest average boiling point are almost invariably
the most efficient for water-gas enrichment. A closer inspec-
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tion of the above data shows that oils with a low gravity and
a high boiling range are often better than those having a
higher gravity and lower boiling range. In fact, if the average
boiling point of an oil is above 700° F., it appears that the
gravity of the oil can be around 22° A. P.I. and still show a
consumption of not more than 3 gallons for a 530 B. t. u. gas.

Nevertheless, the gravity and average boiling point are of
great use to those who are attempting to grade gas oils by
means of a few physical tests. For those who have avoided
the difficulties involved by the use of physical properties in
the evaluation of these oils through actual carbureting tests in
the laboratory, the discussion so far may be of only passing
interest, but carbureting tests in the laboratory consume con-
siderable time and are otherwise more or less expensive, so that
efforts are constantly being made to devise more economical
methods for gas-oil evaluation. In attempting to work out a
different analytical procedure for determining the carbureting
value of a petroleum distillate, it is realized that one is enter-
ing an assiduously investigated field. Since the writer has
not endeavored to make a survey of the literature on this
subject, what follows will undoubtedly be considered in-
complete; but from contacts with various workers in the
field it appears that the present chemical methods of gas-oil
analysis are not entirely satisfactory. The realization of
this situation led to an investigation on the part of the authors,
which had for its object the development of either a more
accurate method of analysis or one having the same accuracy
as those now current, yet which would be more rapid and
therefore more economical.

7
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Any chemical method of analysis of petroleum oils generally
endeavors to estimate the relative amounts of the four main
groups of hydrocarbons which are normally present—namely,
paraffins, naphthenes, unsaturates or olefins, and aromatics.
For carbureting purposes the sulfur, nitrogen, and oxygen
compounds are of negligible importance. In order to deter-
mine the relative amounts of the four groups of hydrocarbons,
the following qualities have been considered at various times:
gravity or specific gravity, viscosity, heating value, aniline
point, refractive index, extraction with acids, extraction
with solvents, boiling point, and molecular weight.

No one of these factors, with the possible exception of the
treatment with acids, is sufficient by itself for the separation
of the four groups of hydrocarbons; therefore recourse must
be had to various combinations of these qualities. The
establishment of what may be deemed the most suitable
combination generally resolves itself into a more or less tedious
task of “cut and try,” assisted to a certain extent by the
worker’s conception of the behavior of the various groups of
hydrocarbons under the conditions of carbureting. The
gresent investigation followed the usual procedure to a certain

egree.
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DiISPERSION TOWARDS LiGHT

In reviewing the utility of the various qualities possessed
by hydrocarbons, such as those listed above, for determining
their carbureting value, it appears that the dispersion to-
wards light is the most useful. The dispersion as used in this
work is the difference in the refractive indices of the oil for the
C and F lines of the solar spectrum (the red and blue lines of
hydrogen) at 100° F., which the standard refractometers are
equipped to determine. This property is not only very
easily determined, but, by properly combining it with specific
gravity, factors can be obtained which are characteristic for
the four main groups of hydrocarbons. Table V, based upon
values given in the International Critical Tables, will serve to
illustrate the nature of these factors.

TaBLE V. DispersioNn Facrors For VArious HYDROCARBONS

(@) (H)
(') DeN- Disper-
Borr- sn"r SION

(Cor. A)
ING °C.Nr—N¢ d

(Coz.. B) .
(1 d)d

HYDROCARBON Pom'r 4 AT 20° C Di1sPERSION DISPERSION
e
Paraffing
2,2,3-Trimethylbutane 81 0.691 0.0068 101.7 31.4
4-Methylheptane 118 0.722 0.0070 103.1 "28.7
n-Octane 125 0.712 0.0069 103.0 29.6
4-Ethylheptane 139 0.741 0.0071 104.3 27.0
n-Decane 174 0.747 0.0075 99.7 25.2
Dipropylethylmethane 221 0.761 0.0075 101.5 24.2
ean of available
data s 101.6 3
Naphthenes
yclohexane 81 0.779 0.0072 108.0 23.8
Hexahydrotoluene 103 0.764 0.0076 100.3 23.7
o-Dimethylcyclohexane 129 0.779 0.0076 102.3 22.6
Mean of available
data s S 103.3 e
Olefins and acetylenes
2,4-Hexadiene 82 0.718 0.0167 43.0 12.1
Dipropargyl 85 0.805 0.0122 66.0 12.9
n-Amylacetylene 111 0.738 0.0087 84.8 22.2
n-Hexylacetylene 125 0.756 0.0089 85.0 20.7
a-Decylene 172 0.749 0.0090 83.1 20.9
a-Hexadecylene 274 0.789 0.0084 93.9 19.8
Unsaturated naphthenes
1,3-Cyclohexadiene 81 0.842 0.0131 64.3 10:2
1,2,3,4-Tetrahydroben- o 5
zene 83 0.810 0.0095 85.3 16.2
1,3,3-Dihydro-p-xylene 136 0.830 0.0116 71.5 12.2
1,2,3,4-Tetrahydro-
naphthalene 207 0.971 0.0169 57.5 137
Aromatics
Benzene 80 0.878 0.0167 52.5 6.4
m-Xylene 139 0.865 0.0158 54.7 7.4
Pseudocumene 170 0.870 0.0158 55.0 72
Hydrindene 177 0.965 0.0168 57.5 2.0
Hemimellitene 177 0.895 0.0157 57.0 6.0
1,2,3,4-Tetramethyl-
benzene 204 0.901 0.0157 57.4 5.7
a-Methylanthracene 200 1.101 0.0541 20.4 —-2.1
Naphthalene 218 1.145 0.0287 39.9 —5.8
Dxbenz{l 284 0.984 0.0187 52.6 0.8
Acenaphthene 278 1.024 0.0293 35.0 —0.8

A detailed discussion of the various deductions which have
been made by the use of the above-mentioned data is beyond
the scope of this paper, but it is felt that an inspection of these
figures will justify the conclusion that they are sufficiently
significant to form the basis for evaluating gas oils. Since the
carbureting efficiency of an oil should increase with its boiling
point, the average boiling point has been combined with the
expression under heading column B to give the relation which
is a function of the carbureting value. This takes the form,

TasLE VI.

Prorosep METHOD
Sp./gr. at Dispersion Av
00°F. =d ntlog;f' b;q)'= T(l—-d)d

n-

satu- Aro-

Run  Sasrre H rates ' matics
S
28  BYY 0.838 0.0084 476 7690 .0 22.9
23 COL-00 0.862 0.0105 585 6630 14.0 18.1
27 COL-CS.2 0.857 0.0114 458 4930 12.0 33.4
45 WT-OO-SE 0.886 0.0125 578 4670 23.3 24.5
16  WT-00 0.861 0.0080 571 8540 17.3 19.0
33 PA-O0 . 0.801 0.0089 542 9710 2.0 7.8
38 COL-00-
XFAT 0.826 0.0078 590 10870
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where 7 = a number which is a function of the number of gal-
lons of oil required per 1000 cu. ft.'of finished gas,
having a desired B. t. u. (530 in this investigation)
per cu. ft. when using a 300 B. t. u. blue gas
d = specific gravity (at 100° F.)
H = light dispersion of oil (at 100° F.)
T = av. boiling point of oil, usually in ° F.

By plotting 7 vs. gallons of oil required per 1000 cubic feet of
finished gas, having 530 B. t. u. per cubic foot, on logarithmic
paper, a straight line is obtained, as can be seen in Figure 1.
The straight line in this plot can be expressed with sufficient
accuracy by

G = 238 41/t

= gallons of oil required per 1000 cubic feet of 530
B. t. u. gas.

where G

It will not be attempted to give the large amount of experi-
mental data collected in order to produce the results repre-
sented by this curve. A similar curve will be obtained when
producing a finished gas having any other desired B. t. u. than
that used in these experiments.

CHEMICAL METHOD

Of the various chemical methods which have been used for
the analysis of gas oils for carbureting purposes, that by
Mighill (1) apparently has attained the most extensive appli-
cation so farin this country. In order to compare this method
with the one which has been proposed in this paper, the analy-
ses of a series of oil by the Mighill method were obtained.
The results from the two methods can be seen in Table VI.

From these figures it appears that the proposed method is
not only as accurate as the chemical method, but that from
the data on oil COL-CS.2 it is more applicable to the poorer
stocks. Since the proposed method comprises only three
short determinations—namely, the specific gravity, dispersion,
and average boiling point, it has an advantage over the
chemical method from the standpoint of ease and time re-
quired.

CONCLUSION

1. The introduction of the boiling range of 400° to 700° F
into gas-oil specifications imposes unnecessary limitations,
since a gas oil having a given gravity improves as the boiling
point increases, and there are suitable gas oils available which
boil outside of the stated limits.

2. Gas oils cannot be selected universally upon the basis of
a gravity and boiling-range requirement.

3. The carbureting value is best determined by means of a
laboratory carbureting equipment.

4. Inlieu of the actual evaluation of gas oils in a laboratory
apparatus, their values can be ascertained either by the
Mighill method of chemical analysis or by the new dispersion
method which has been developed.

CoMPARISON OF CHEMICAL AND DispERsSION METHODS OF GAs-O1L ANALYSIS

Garn./M ror 530 B. 1. v. Gas
Caled.

Available Cnlcd from
Naph- Paraf- for en: Differe  chem: Dif-
thenes fins ncbment Found 2381/'1/* ence  analysis ference
%o

19.7 45.4 73.0 2.94 2.71 -0,23 2.86 -0.08
46.2 21.7 65.1 2.85 2.92 +0.07 3.07 +0.22
18.6 36.0 68.1 3.69 3.39 -0.30 2.94 —0.75
22.9 29.3 62.6 3.34 3.48 +0.14 3.20 —0.14
30.6 33.1 67.3 2.80 2.57 —0.23 2.98 +0.18
12.6 77.6 90.4 2.38 2.42 +0.04 2.25 —0.13
34.8 61.8 85.8 2.28 2.28 0.00 2.87 +-0.09
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5. The dispersion method evaluates an oil from three
quantities—specific gravity d, dispersion H, and average
boiling point 7. The gasification value of the oil apparently
takes the form. of

o T (1 — d)d]-e
6 = s [0~ 1]

G being the gallons of oil required per 1000 cubic feet of a 530
B. t. u. finished gas, d and H being determined at the same
temperature (100° ¥.), and 7' expressed in ° F.
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6. The dispersion method is equally as accurate as the
chemical method and has the advantage of being more easily
carried out and of requiring considerably less time.
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Fluorination of Hexachloroethane under
Pressure

H. S. Boorn, W. L. Mong, anp P. E. BUuRcHFIELD

Morley Chemical Laboratory, Western Reserve University, Cleveland, Ohio

HE substitution of fluor-

I ine for the other halo-

gens in organic com-
pounds has been thoroughly
studied by Frederic Swarts over
a long period of years. He has
developed several methods (9)
for replacement of chlorine by
fluorine, of which the method
using antimony trifluoride is per-
haps the best. In thismethod an
organic halide is heated with sub-
limed antimony trifluoride in the
presence of bromine or antimony
pentachloride as a catalyst. He
has found it impossible to intro-
duce more than two fluorine
atoms by this method on a single
carbon atom of an aliphatic chain,
except in the case of trichloromethyl benzene (CsH:CCl;).
As far as can be judged from his writings, he has never tried
the antimony trifluoride reaction at pressures greater than
atmospheric. It seemed probable that this reaction at higher
pressures and higher temperatures would yield compounds
containing three fluorine atoms on a single carbon atom of an
aliphatic chain.

The simplest and stablest aliphatic-chain compound con-
taining the CCl; grouping which might be amenable to
fluorination under pressure is hexachloroethane (CCLCCls).
A careful survey of the literature failed to reveal any study of
the fluorination of hexachloroethane. Furthermore, hexa-
chloroethane is a by-product of little use, and it was thought
that fluorination might convert it into lower-boiling liquids of
use as solvents and into inert and noncombustible gases which
might have value as anesthetics or refrigerants.

Swarts (7) fluorinated tetrachloroethane and obtained
CHCL.CHF, among other products. This compound was
then chlorinated in the presence of AlCl, yielding CCLCE,CI.
This is the only compound of this series found in the literature,
and it has been prepared indirectly and only in very small
amounts.

Another potent reason for studying this reaction was the
possibility of obtaining C.Fs, which, up to the time of begin-
ning this study, had not been prepared in a state of purity.
This should be a gas of high stability, reasoning from the

delermined.

Hezxachloroethane has been fluorinaled under
elevaled pressures and lemperalures by the Swarts
reaction, using sublimed SbF; with SbCly as
calalyst; this yields a solid CFCL:CCl; boiling
at 136.8° C.; a liguid CFCl-CFCl, boiling al
91.0° C.; a liquid CG.Cly, boiling at 119° C.; a
liguid CF.Cl-CFCL, boiling at 46.5° C.; and
relatively smaller amounts of three gases, prob-
ably Cst, CstCl, and CQF4Clz.

The physical and chemical properlies and
the solubilities of a number of substances in
these new liquid and solid derivalives have been

Moisture in lraces seems lo calalyze the
fluorination, at least al almospheric pressure.

analogy of CF;to CCl.. Lebeau
and Damiens (5) and Ruff and
Keim (6) each found, in the
higher-boiling fractions from the
preparation of CF; by direct
fluorination of charcoal, some
evidence for believing in the
. presence of C.Fs, C;I%, etc., but
neither has yet satisfactorily
isolated and established these
compounds. On the other hand,
Humiston (4) claims to have ob-
tained C,Fy by the direct action
of fluorine on filtchar at —80°
C. Since the experimental
work reported in this article
was completed, Swarts (8) has
prepared C.Fs by electrolyzing
trifluoroacetic acid, the gas be-
ing evolved at the anode.

PRELIMINARY EXPERIMENTS AT ATMOSPHERIC PRESSURE

For the sake of comparison this reaction was first studied
at atmospheric pressure. In the first experiment moisture
was avoided scrupulously, and accordingly 40 grams of
hexachloroethane were well mixed with the equivalent of
sublimed antimony trifluoride and placed in a flask fitted with
an air-reflux condenser which had been thoroughly dried by
the passage through it for some time of air dried over P.Os.
The apparatus was again flamed while dry air was passing
through it for half an hour before the antimony pentachloride
catalyst was added. After refluxing at 160° C. for several
hours with only slight evolution of gas, the temperature
suddenly rose accompanied by vigorous evolution of a
considerable quantity of silicon tetrafluoride. Feathery
crystals of sublimed antimony fluoride were found in the
generator, but no evidence of reaction with the hexachloro-
ethane.

The experiment was then repeated without any attempt to
dry the apparatus. Forty grams of hexachloroethane were
heated alone in the flask until they began to sublime. Anti-
mony trifluoride (68 grams) was then added, and the tempera-
ture of the oil bath raised to 210° C. with no evidence of
reaction. Antimony pentachloride (2 cc.) was added, and the
bath heated to 170-5° C. Reaction took place, and a thin
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liquid began condensing and refluxing. A small amount of
SiFy was evolved, probably derived from the glass by action of
the hydrofluoric acid formed by hydrolysis of the antimony
trifluoride. :

Gradually the boiling point of the liquid refluxing dropped
from 175° to 117° C. during 15 hours of refluxing. An addi-
tional 4 hours of refluxing lowered the boiling point no farther.
Addition of more antimony trifluoride and pentachloride
generated more product but produced no further lowering of
the boiling point.

FracrioNaTioN oF THE Propucr. The product began
distilling rapidly at 91° C., and the distillation was finished at
110° C. The distillate consisted of a slush of coarse white
crystals in a colorless liquid, which on fractionation gave as the
chief product a liquid boiling at approximately 91° C. which
later study showed to be C,I,Cly, with a smaller amount of a
crystalline product (C,FCl; and unchanged C,Clg) boiling at a
higher temperature.

FLUORINATION UNDER PRESSURE

In the hope that more complete fluorination could be
obtained, the reaction was next carried ouf in a 200-cc. steel
bomb at much higher temperatures and pressures. The bomb
was heated in a bath of low-melting alloy to a temperature of
from 300° to 325° C. On cooling and opening the bomb it
was found to be still under pressure, and the gaseous products
were lost in this first experiment. The bomb contained a thin
limpid liquid of vile odor, and a white solid.

The liquid was first distilled to separate the nonvolatile
components, and the distillate fractionated through a Vigreux
column and distilling head. Several refractionations finally
gave four fractions boiling at 46.5°, 91.0°, 119°, and 136.8° C.
at 740.3 mm. pressure, with total immersion of the thermometer
stem. The thermometer was checked at these tempera-
tures against a standard thermometer calibrated by the Bureau
of Standards. Later experiments showed the need of cooling

- the receiver with carbon dioxide snow when collecting the first
fraction. Fractionation eliminated the bad odor, but the
quantities of each compound were too small for further
study.

TasLe I. TypicarL Run iv LArGeE Boyms

Time TEMPERATURE PRESSURE
2:Ci Lb./sq. in.  (Kg./sq. cm.)

9:20 245 0

9:50 270 130 9.14
10:10 290 360 25.31
10:30 200 510 35.85
11:00 300 650 45.70
11:30 300 7 49.21
12:30 315 700 49.21
1:30 300 730 51.32
2:30 305 770 54.13
3:30 320 840 59.05
4:30 300 800 56.24

PREPARATION ON LARGER ScALE. A D cylinder (/) was
filled with a mixture of 2.6 kg. of SbF;, 1.7 kg. of hexachloro-
ethane, and 80 ce. of antimony pentachloride. A 4-foot steel
pressure pipe was screwed into the neck of the cylinder and
fitted with a pressure gage and a valve. The bomb was then
placed in a large metal bath, maintained at approximately
300° C. The observed time, temperatures, and pressures of
a typical run are given in Table I. Upon removal of the
bomb from the metal bath immediately at the end of the run,
it was connected to a smaller c¢ylinder and equalized into it.
This cylinder was then replaced by a second, and finally by a
third chilled with carbon dioxide snow in order to collect the
gases from the reaction.

The gases were then bled off from these cylinders and col-
lected in a gas-fractionating apparatus (Z) by condensation
with liquid air. The liquid contents of the cylinders were
then collected, washed by thorough shaking with an equal
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volume of partly saturated sodium bicarbonate solution
several times, and finally with pure water. It was found that
weak alkali solution had no effect on the organic fluorides but
removed some antimony compounds which had distilled out of
the bomb with the fluorides. Little or no water was retained
dissolved in the chlorofluorides. The washed product had
only a faint camphor-like odor. This process was repeated
until about 5 liters of the product were obtained.

FracTIONATION ON LARGER ScaLe. After some experi-
mentation a very successful fractionating tower was devised.
A 5-liter round-bottom Pyrex flask was surmounted by a
glass tube, 100 em. tall and 2 em. in diameter, packed with
iron jack chain. Above this was placed a 60-cm. Vigreux
column. The side tube of the latter led down into a water-
jacketed condenser which emptied into receiving bottles
packed in carbon dioxide snow.

The distillation was carried on very slowly in order that a
sharp cut could be made between fractions. The yield of the
various fractions from fractionating about 2.5 kg. in one run
is shown in Table II.

Tasre II. Ymerp rrom ONE FRACTIONATION OF Liouips
Maix CompoNENT Boruing PorNTs Propucr
2 Cs Grams %
C:ClL:F3 46.5-47 411 17.1
47 -90 46 1.9
90 -90.5 40 137
C:CLiF2 90.5-91 1373 57.2
91 -118.5 10 0.4
C:Cly 118.5-120.4 202 8.4
120 -135 55 2.3
135 -136.8 36 1.5
C:CLF 136.8-140 157 6.5
140 -149 7 0.3
C:Cls Residue 65 257
Total i it narer, 2402 100.0

The various fractions were identified by determination of
their molecular weights by the Victor Meyer apparatus
with a closed system and an accurate gas buret, and by
determination of their chlorine content.

*Before determination the various fractions were purified by
distillation to constant boiling point (0.005° C.), using a
Beckman thermometer. It was found that for the fractions
boiling at 46.5 + °, 119 + °, and 136 + °C., three such fractiona-
tions sufficed, but the fraction boiling at 91° C. proved more
difficult to purify. It was finally purified by numerous

distillations alternated by ecrystallizations.

ANALYSIS

In the procedure for the determination of chlorine in
organic chlorides described by Chablay (2), sodium is added to
a solution of the organic halide in liquid ammonia, the system
being cooled in a mixture of acetone and carbon dioxide snow.
The ammonia is allowed to evaporate, the excess free sodium
destroyed with ethyl alcohol, and the amount of chloride
determined by one of several standard methods. In certain
cases, however, the decomposition of the organic compound
gives rise to the formation of cyanides, as was pointed out by
Dains and Brewster (3). The compounds which were of
interest for the purposes of the present experiment were found
to be members of the latter class.

Accordingly it was thought possible to oxidize the cyanide
to cyanate by destroying the excess of free sodium with an
excess of ammonium nitrate, driving off the ammonia, and
fusing the mixture of compounds at a comparatively low

temperature. The cyanate may react with silver nitrate, but

silver cyanate is decomposed by the action of dilute nitric acid
with the evolution of carbon dioxide and the formation of
silver nitrate and ammonium nitrate.

In all instances in which the above fusion with ammonium
nitrate was carried out, low results were obtained as shown
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in the following values for the determination of the percentage
of chlorine in C,CL;F;:

THEORETICAL CHLORINE Fouxp CHLORINE

%o %
56.77 46.29
56.77 47.50
56.77 46.20

Evidently sodium chloride and ammonium nitrate form an
equilibrium,

NaCl 4 NH,NO; = NaNO; 4 NH,CI

and the ammonium chloride volatilizes at the low temperature
to which the mixture is heated. If the oxidation was omitted
from the procedure, a very high figure was obtained for the
percentage of chlorine in C.ClL;Fs, the theoretical value being
56.77 per cent, and the found value 90.00 per cent.

After many modifications were tried, the following pro-
cedure yielded satisfactory results. The sample to be
analyzed was introduced into a thin-walled, weighed bulblet,
drawn out at each end into a small capillary tube, the tubes
being sealed before the final weighing. A sample weighing
0.25 to 0.30 gram was taken. The bulblet was crushed under
the surface of 25 cc. of ethyl ether contained in a Kjeldahl
flask while the flask and contents were cooled in a bath of
acetone and carbon dioxide snow (10).

Enough liquid ammonia was added to half fill the flask.
When the system had reached the temperature of the bath,
an excess of bright metallic sodium was introduced. The
system was allowed to stand overnight, during which time the
ether and ammonia completely evaporated. The excess
sodium was carefully neutralized with absolute alcohol, and
the contents of the flask then washed into a 300-ce. nickel
crucible. After evaporation to dryness, the solid residue was
covered with a thin layer of sodium peroxide and the mixture
slowly heated to quiet fusion. The fused mass was taken up
in water and acidified with nitric acid, and the amount of
chloride ion was volumetrically determined by the method of
Volhard.

The results for the analysis and molecular-weight deter-
minations are shown in Table IIT.

TasLe ITI. ANALYSES AND MoLECULAR WEIGHT
DETERMINATIONS
CHLORINE
B. p. AT MoLecULAR WEIGHT Theo-
FracrioN  740.3 myM.  Observed Formula Found retical FormurLa
% %
1. Liquid 46.5 190.6; 191.6 187.4 5g i7 56.77 CiF:Ch
2. Solid (low
melting) 91.0 207.3;206.0 203.8 6!9) ;g 69.58 C:F:Cl
3. Liquid 119.0 173.5;172.2 185.84 gg gg 85.53 C:Cl
4. Solid 136.8 219.2; 226.0 220.3 ggg 80.48 C:FCL

The unsaturated nature of the liquid product boiling at
119° C. was evidenced by its slow reaction with bromine
vielding a crystalline solid having the physical properties of
C.CLiBr:. The C.ClL was obviously a thermal-decomposition
product of C.Cl.

PROPERTIES

These fluorochloroethanes are characterized by faint odors,
decreasing in intensity from the monofluoropentachloroethane
which somewhat resembled camphor, to the almost im-
perceptible odor of the trifluorotrichloroethane.

SurracE Texsion. This was determined approximately
by the rise in a capillary tube held in its container in a thermo-
static bath. The surface tension of C.Cl:F}; is approximately
0.2 of that of water, and that of C,CLF: is about 0.3 that of
water. Accurate data on these constants will be reported
later.
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Speciric GraviTy. A pycnometer was filled with the
liquid below the temperature of the bath, then placed in the
thermostat, and allowed to rise to the temperature of the bath,
and the excess liquid due to expansion was removed. It was
then dried and weighed, and calibrated with distilled water in
the same bath. Results are as follows:

FormuLA Boiuing PoiNr  SpeciFic GRAVITY TEMPERATURE
2LC, 250,
C2FiCls 46.5 1.42 25.0
CaFaCly 91.0 1.64 30.0
C:FCls 136.8 1.74 25.0

Viscosrry. This was determined in a glass U-tube type of
viscometer held in a thermostatic bath. The viscosity was
determined by comparison with pure water; the viscosity of
the C.CL;F was not taken on account of its high melting point.
The results are as follows:

ForymuLA ViscosiTy COEFFICIENT TEMPERATURE
2.0
C:CL:iFs 0.00502 21.2
C:CLF: 0.01154 30.0

RerFrAcTIVE INDEX. This was obtained by means of an
Abbé refractometer. The results are as follows:

ForMmULA REFRACTIVE INDEX TEMPERATURE
2:C
C:Cl3Fs 1.3530 23.0
C2ClaFy 1.4264 23.0
Mgerring Pomnts. The melting points were kindly

determined by M. J. Bahnsen of this laboratory by time-
temperature cooling (or warming) curves, using a multiple
thermoelectric copper-constantan couple, accurately -cali-
brated. Results are as follows:

B. p. AT
MevtiNg Point  740.3 M.

FORMULA Liquip RANGE
20 w6 9,04
CiCliFa —37.00 46.5 83.5
CiCLF: 26.5 91.0 64.5
C:CLEF 100.00 136.8 36.8

SoLvenT ActioN. The solubilities of a wide range of
compounds and elements were tried in each of the three
liquids. The solubility of solids was determined with small
quantities of solute and solvent under the microscope at room
temperatures only. The rate of solution and the amount
of residue left after evaporation of the solution on the slide
gave an excellent qualitative idea of the solubility. The
solubility of liquids was determined in test tubes as usual.

TasLe IV. SorLvenT ActioN

SoLuTE C:CL:Fs CiCLF:
INORGANIC COMPOUNDS
Ammonium nitrate Insol. Insol.
Ammonium fluosilicate Insol. Insol.
Ammonium thiocyanate Insol. Insol.
Asbestos Insol. - Insol.
Barium dioxide Insol. Insol.
Borio acid Insol. Insol.
Cadmium jodide Insol. Insol.
Chromium oxalate Insol. Insol.
Chromium chloride (violet) Insol. Insol.
Todine Insol. . Slightly sol.
Potassium antimonyl tartrate Slightly sol. Insol.
Potassium chromate Insol. ' Insol.
Potassium permanganate Insol. Insol.
Silver nitrate Insol. - Insol.
Sodium carbonate Insol. Insol.
Water Insol. Insol.
ORGANIC ACIDS AND ACID ANHYDRIDES
Anthranilic acid slightly sol.  Insol.
Benzoic acid \I erately sol. Very sol.
Malic acid Very slightly sol. = Insol.
Malonic acid Insol.’ Insol.
Mandelic acid Insol. * Insol.
Insol.

Monochloroacetie acid Insol. -
Phthalic anhydride : Moderately sol.
Salioylic acid Very slightly sol.
Stearie acid Moderately sol.
Sucecinic acid * -Very slightly sol.
Tartaric acid : . Very slightly sol.

Moderately sol.
* Moderately sol.
Slightly sol.
- Very slxghtly sol.
Very slightly sol.
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TasrLe IV. Sonvent Acrion (concluded)
C:CL:Fs C:CLF:

RESINS, GUMS, FATS, AND OILS, ETC
Slightly sol.

SoLuTE

Amberol 7 Jight Slightly sol.
Insol.

Bakelite XR821 Insol.
Damar Moderately sol. Very sol.
Ester gum Moderately sol. nsol.
Glyptol 1102 Insol. Insol.
Shellao Insol. Insol.
Agar : Insol. Insol.
Gelatin Very slightly sol.  Very slightly sol.
Gum arabie Insol. Insol.
Gum mastic Slightly sol. Insol.
Casein Insol. Insol.
Egg albumen Insol. Insol.
Cocoa butter Very sol. Soluble
Castor oil Very sol. Miscible
Cottonseed Very sol. Miscible
Anisol Miscible Miscible
Citral Miscible Miscible
Clove oil Miscible Miscible
ALIPHATIC SOLUTES
n-Hexane Miscible Miscible
n-Heptane Miscible Miscible
Kerosene Mscible Miscible
Carbon tetrachloride Miscible Miscible
Chloroform Miscible Miscible
Dichloromethane Miscible Miscible
Hexachloroethane Sol. Sol.
Bromoform stcxble Miscible
Todoform Slightly sol. Sllghtly sol.
Ethyl bromide Moderately sol. Very sol.
Methylene iodide Insol. Insol.
Ether Miscible : Miscible
Ethyl alcohol Miscible Miscible
Methanol Miscible Miscible
Ethylene glycol monobutyl ether Miscible Miscible
Glycerol Insol. Insol.
Acetone Miscible Miscible
Cane sugar Insol. Very slightly sol.

Cellulose acetate Insol. Insol.
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Nitrocellulose (!/2 seo.) Insol. Insol.
Urea Slightly sol. Slightly sol.
Thiourea Insol. Insol.
Acetamide Very slightly sol.  Very slightly sol.
Theobromine Very sol. Slightly sol.
Sulfonal Slightly sol. Moderately sol.

ional Slightly sol. Very sol.
Dimethylglyoxime Insol. Insol.

AROMATIC AND RING COMPOUNDS

Benzene Miscible Miscible
Diphenyl Moderately sol. Very sol.
Naphthalene Very sol. Very sol.
Anthracene Very slightly sol. Very slightly sol.
Xylene Miscible Misci
Chlorobenzene Miscible Miscible
Iodobenzene Miscible Miscible
a-Chloronaphthalene Miscible Miscible
a-Bromonaphthalene Miscible Miscible
Tribromophenol Very sol. Slightly sol.
Nitrobenzene Miscible Miscible
Azobenzene Very sol. Very sol.
Aniline Insol. Miscible
Acetanilide Moderately sol. Very slightly sol.
Antipyrine Very slightly sol.  Slightly sol.
Diphenylamine Insol. Very sol.
Quinaldine Miscible Miscible
Methylene blue Insol, Insol.
Indigo Very slightly sol.  Insol.
Phenol Very slightly sol.  Very slightly sol.
Benzyl alcohol Miscible Miscible
Resorcinol Insol. Insol.
Benzil Moderately sol. Moderately sol.
Diphenyl carbinol Moderately sol. Very sol.
Thymol Very sol Very sol.
Camphor Very sol. Very sol.
Benzophenone Very sol. Very sol.
Anthraquinone Insol. Slightly sol.
Phenolphthalein Insol. Insol.
p-Nitrobenzoylacetoacetic ester Moderately sol. Very sol.

CaEMICAL PrOPERTIES. No chemical action was observed
between any of the compounds made and any of the solutes
upon which they were tested. Apparently none of these com-
pounds are appreciably hydrolyzed by water at room tempera-
ture. They are stable over a period of time, but, when
sprayed into a Bunsen flame, they decompose, reacting with
the burning hydrocarbon to give hydrogen chloride and
hydrogen fluoride. They may be readily decomposed by
dropping into a liquid ammonia solution of metallic sodium.
The stability of these compounds apparently increases with
inerease in fluorine content as would be expected. :

- RecErvep September 3, 1931.
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ConsriTuTION. The structure of these compounds may be
deduced from the work of Swarts and from other investiga-
tions completed in this laboratory. Swarts (7) has found
that the introduction of one fluorine atom facilitates the
replacement of another chlorine atom by fluorine on the
same carbon atom. However, he states that he has never
been able to introduce more than two fluorine atoms on a
single carbon atom of a chain. It has been shown by other
investigators! in this laboratory that the reduction of C,ClsFs
by zinc dust in alcohol yields CFCL:CF;; that the reduction
of C,CLiF, in the same way yields C.F.Cl,; and that the
reduction of C.CLF similarly yields CCl;:CFCl. This
suggests that the structure of the compounds found in this
investigation are CCLF-CCIF,, CCLLF-CCLF, and CCl;:CCLF.
Swarts (7) has shown that the isomer CIF.Cl-CCl; melts at
52° C., while the compound found in this investigation melts
at 26.5° and apparently is not Swarts’ isomer. On the
assumption that Swarts’ compound has the formula CF,Cl-
CCls, the one found here is probably the isomer CCLEF-CCLE.

Gaseous Propbucts. The gaseous products were con-
taminated with hydrofluoric acid, hydrochloric acid, volatile
antimony compounds, carbon dioxide, water vapor, etc., and
were therefore scrubbed with weak caustic solution, dried over
barium oxide and condensed and fractionated (1), yielding a
fraction boiling at approximately the subliming point of
carbon dioxide snow, one boiling between —35° to —40° C.,
and another fraction boiling at slightly above 0° C. These
gases were odorless, noncombustible, and nonsupporters of
combustion. Their properties suggest that they should be
useful as refrigerants. They were somewhat soluble in
water, and considerable gas was lost before this was realized.
The yield of gas in the fluorination of hexachloroethane even
under pressure is low, and coupled with the loss in fractiona-
tion yielded finally only relatively small amounts. Pre-
liminary density determinstions indicate that these gases are
probably the rest of the series of fluorinated products, C,Fs,
C,FCl, and C.F,Cl,. The gas accumulated from a number
of charges in the large-scale preparation are now being purified
and studied, and will be reported in detail later.

The physiological studies of these products will be reported
in another paper. The physical constants of the compounds
described in this paper are being redetermined in this labora-
tory with great accuracy and will also be reported later.
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before the close of the experiment, showed no detectable
antiscorbutic potency in the dosage fed. The pigs in this
group were all dead of scurvy by the thirty-ninth day of the
experimental diet. Whereas this is a few days beyond the life
period of the control scurvy animals, the tooth histology
showed no evidence of prevention.

These results demonstrated first that the fruit itself stored
at refrigerator temperature retains its vitamin C content at
least for 3 months; second, that the orange juice, unstrained,
expressed from these oranges, loses its antiscorbutic potency
so rapidly that a test which extends over 4 weeks demonstrates
that loss, and that at the end of 3 months the destruction
appears to be practically complete; third, that a heavy
Crush sirup made from this orange juice, unstrained, by
adding sugar and preservative and acidifying with lemon
citric acid retains the original vitamin C as satisfactorily as
does the fruit itself during refrigerator storage for 3 months;
and fourth, that this Crush sirup, when diluted to twelve
volumes with carbonated water again loses its antiscorbutic
action so rapidly that storage in that condition for 4 to 5 weeks
is not feasible.

Since it is in this final diluted form that Orange Crush is
dispensed to the public, it is highly important to know the
rate of destruction of vitamin C under these conditions.
The retailer is required to dilute and bottle Orange Crush
weekly. Ten to fourteen days should, therefore, be the
maximum lapse of time between dilution and consumption of
this product. A final set of experiments was run in which one
group of pigs was given 1 cc. of orange juice, equivalent per
pig of a new supply of freshly prepared Crush sirup diluted
daily. Another group of animals was given the same amount
of Crush sirup which had been diluted, bottled, and allowed
to stand in the refrigerator 10 days before feeding. A control
seurvy group was run parallel to these. By the thirty-fifth
day one of the scurvy pigs was dead. The other had lost 135
grams in weight and had swollen tender joints, red gums, and
loose yellow teeth. The autopsy findings were those of
advanced scurvy. The pigs in the other two groups were
either holding their maximum weight or gainingslowly. They
were fairly strong and active, and their fur was smooth and
well-kept. The autopsy findings were those of mild scurvy.
The antiscorbutic potency of this sample of Crush sirup was
undoubtedly higher than that of the original lot supplied for
the . earlier experiments reported above. The important
consideration in this experiment, however, was that the 10-day
storage period at refrigerator temperature did not produce
sufficient deterioration of the antiscorbutic potency to be
detected by such biological tests. It must be borne in mind,
nevertheless, that in making this dilution there was a mini-
mum of exposure to air and room temperature.

These observations tend to the conclusion that the prcserva-
tion of antiscorbutic activity in the Crush sirup is due to the
high acidity and possibly to the sugar content, and that the
loss of potency following dilution is the result of decreased
protective action and takes place gradually. It may be that
traces of chlorine or other constituents of tap water have slight
destructive action. These factors appear to be insignificant,
however, for it apparently makes no difference whether the
dilution is made with ordinary tap water, carbonated water, or
carbonated distilled water. Removel of carbon dioxide from
the diluted sirup by suction was of no significance.

Since the orange juice, unstrained, from which the Crush
sirup is prepared contains appreciable amounts of pulp and
skin as compared with the hand-expressed orange juice, it
seemed logical to expect somewhat less vitamin C potency in
the Crush sirup than in the freshly expressed juice. This was
not the case however; in fact, the difference, if any, was in
favor of the Crush sirup. This result raised the question of
whether the added citric acid, which is prepared from lemons,
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does not carry some vitamin C. Samples of citric acid
prepared from lemons and also by fermentation were secured
and added to a sugar solution so that 20 cc., the daily intake,
contained 0.2 gram of acid. This amount was four times the
intake of citric acid when 1.7 cc. of Crush sirup were ad-
ministered. However, in neither case did the citric acid
solution have the slightest effect in delaying the onset of
acute scurvy. Obviously then, the vitamin C of the Crush
sirup is derived entirely from the orange juice, unstrained, and
probably is preserved by the addition of citric acid, or in part,
perhaps, by the high sugar content. In 3 months there was
no apparent, loss of this potency unless the Crush sirup was
diluted again to a low acidity.

CONCLUSIONS

Experiments conducted to determine whether the com-
mercial orange-juice drink called Orange Crush retains the
vitamin C originally present in the fruit have resulted in the
following conclusions:

1. The orange juice, unstrained, commercially expressed
from freshly gathered oranges was as potent in vitamin C as
ordinary hand-expressed juice.

2. When stored either frozen or at refrigerator temperature
in this form, it lost that potency so rapidly that the loss was
marked during a 4-week test period, and practically complete
at the end of 3 months.

3. When this orange juice, unstrained, was diluted to 1.7
times its volume of Crush sirup by the addition of sugar,
lemon citric acid, and a small amount of preservative and
coloring, it retained the original vitamin C practically un-
diminished for a period of 3 months.

4. The antiscorbutic potency of the Crush Sirup was not a
result of any vitamin having been added with the citric acid.
The vitamin of the original juice appeared to be preserved by
the high acidity and possibly high sugar content of the sirup.
The preservative action of the acid sirup is of academic and
commercial interest.

-

5. When the final beverage, Orange Crush, was prepared

‘commercially from the crush sirup by diluting 12.3 times with

carbonated water, the resulting product gradually lost its
vitamin C potency.

6. When the same dilution was made in the laboratory
with a minimum opportunity for exposure to air and room
temperature, and the diluted bottled product was stored in
the refrigerator 10 days before feeding, there was no detect-
able loss of antiscorbutic potency.

7. The results show that if the final dilution of Crush
sirup is done in accordance with the precautions stipulated by
the company and dispensed within 10 days, the final bottled
Orange Crush retains essentially the original vitamin C
activity; thatis, it contains the vitamin C from 1 cc. of orange
juice per 21 cc. of Orange Crush. It appears, therefore,
that a maximum interval of 10 to 14 days between dilution and
consumption of the finished product assures the presence of
antiscorbutic potency in Orange Crush as it is dispensed to
the public.
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Comparative Study of Juices from Frozen
Fruits

T. A. PickerT, Georgia Experiment Station, Experiment, Ga.

URING the last few years there has been a great deal of
controversy concerning the optimum temperatures at
which to freeze and store foodstuffs. Some data have

already been obtained on fruits, using organoleptic tests.
These tests, however, are subject to great individual differ-
ences, and it is desirable to have data not influenced by these
variations.

The fruits used in this work were blackberries, cherries,
dewberries, peaches, pears, plums, raspberries, and straw-
berries. One principal variety of each fruit was used, except
for peaches where several varieties were used. Altogether,
eight different fruits and twelve varieties of these fruits were
used.

After the fruit was picked, it was sorted very carefully and
as quickly as possible put into quart paper-board containers.
The peaches were stored both whole and cut into slices. The
other fruits were stored whole. . Nothing else was added to
any of the containers.

MEeTHOD OF FREEZING AND TESTING

One sample of each fruit was tested immediately, and the
other samples were divided into two groups. Some samples
were put into a room at +10° F. (—12.2° C.) and thus were
slow-frozen; the others were subjected to contact with either
carbon dioxide snow or small fragments of carbon dioxide ice.
These last samples were considered to be quick-frozen at
approximately —100° F. (—73.3° C.). After they had been
in contact with the solid carbon dioxide for 24 hours, one
sample was tested and the others were placed at +10° F.
(—12.2° C.) until they were examined.

70
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Ficure 1. TrrraTioN CURVES FOR RASPBERRY JUIiCE

The fruits were taken out of the refrigerator room at
intervals, and the juices expressed by the use of a hydraulic
press. A pressure of 10,000 pounds per square inch (703 kg.
per sq. em.) was used. The juices were centrifuged to remove
any solid materials that might come through the pressing
cloths. The freezing-point depression, conductivity, and
total solids were determined on some of the juices, and the
hydrogen-ion concentration and titratable acidity were run
on all of them. Total solids were determined by the Abbé
refractometer, using the sugar scale. The hydrogen-ion
concentrations and titratable acidities were obtained by using
a hydrogen electrode against a saturated potassium chloride-
calomel cell. The titratable acidities are tabulated in terms
of cubie centimeters of 0.1 N sodium hydroxide per 100 cc. of

juice. The end point is pH 8.3, approximately the turning
point of phenolphthalein.

: ErrEcr oF FREEZING AND STORING PERIOD

The total solids and conductivities of the juices do not show
very important differences among the samples. Some results
(typical of many others) for the freezing-point depressions,
hydrogen-ion concentrations, and titratable acidities are
shown in Table I.

TasLe I. Resurts or TEsts on Frurr Juices
0.1 N
NaOH Freez-
T0 BRING ING-
LENGTH OF 100 cc. Point
STORAGE In- or Juice DE-
TEMP, AT 10° F. 111AL 71O PH PRES-
Fruir FRozEN (=12.2° C.)) pH 8.3 SION
RS C) Ce. Gl
Strawberries B i i Fresh 3.50 190 0.65
+ 10 (—12.2) 1 day 3.36 202 0.77
4+ 10 5—12.2 1 month 3.35 210 0.84
+ 10 (—12.2) 4 months 3.35 236 0.85
* —100 (—73.3) 1day® 3.38 182 0.71
—100 (—=73.3) 1 month 3.35 190 0.78
—100 (—=73.3) 4 months 3.35 216 0.80
Red raspberries e e Fresh 3.35 208 1.00
4 10(—12.2; 1 day 3.30 234 1.16
+ 10%—-12.2 1 month 3.40 256 1.19
—100 (—73.3) 1 day® 3.40 216 1.12
—100 (—73.3) 1 month 3.40 226 1.15
Dewberries R e Fresh 3.16 269 7
+ 10 (—12.2) 1 day 3.15 302
+ 10 (—12.2) 1 month 3.15 326
—-100 (—73.3; 1 day® 3.23 275
—~100 (—=73.3) 1 month 3.40 296
Plums Rk AN Fresh 3.19 266
+ 10(—12.23 1 day 3.16 282
4 10 (—12.2) 1 month 3.10 300
=100 (—73.3) 1 day*® 3.05 273
—100 (~73.3) 1 month 3.16 292
Cherries e oA Fresh 3.35 260
+ 10 —12.2; 1 week 3.41 268
+ 10 (—12.2) 2 weeks 3.40 276
4+ 10 (=12.2) 1 month 3.40 296
Mayflower peaches FE SR Fresh 4.19 78
+ 10 (—12.2) 1 day 4.13 80
4 10 (—12.2) 2 weeks 4.10 86
4+ 10 (—12.2) 1 month 4.00 88
_ + 10 (—12.2) 3 months 3.97 92
Early Rose peaches T Fresh 4.28 99
+ 10 (—12.2) 1 day 4.15 108
<+ 10 —12.2; 2 weeks 4.10 112
—100 (—73.3) 1 day® 4.10 98
—=100 (—73.3) 2 weeks 3.95 100
Elberta peaches B s Fresh 3.76 82
4+ 10 (~12.2) 1 week 3.95 96
4+ 10 —12.2; 1 month 3.78 96
—-100 (—73.3) 1 week 3.80 92
—100 (—73.3) 1 month 3.75 104
Blackberries A AR, Fresh 3.22 230
4+ 10 (—12.2) 1 day 3.15 242
+ 10 (—12.,2) 1 month 3.20 250
—100 (~73.3) 1 day*® 3.26 235
—100 (—73.3) 1 month 3.40 244

4 Stored at —100° F. ( ~73.3° C.).

According to Nelson (7) in 1925, the acids of the red
raspberry are mixtures of approximately 97 per cent citric acid
and 3 per cent malic acid. The titration curves (Figure 1) for
the juices from the fresh raspberry, raspberry frozen at
+10° F. (—12.2° C.), and raspberry frozen at —100° F.
(—73.3° C.) are similar to one another, and also to the curves
of citric and malic acids. Thisindicates that the same type of
acid is present in all of the juices, and therefore the gains in
titratable acidity appear to be due, probably, to an increase in
concentration of those particular acids present in the fresh
berry—namely, citric and malic. Similar results were ob-
tained with other fruit juices.
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This smaller discrepancy might be explained by the fact that
the nitrogen was produced from liquid air and was not purified
from oxygen before use. No great difference was found for
the sample from station 8 whether air or nitrogen was used.
The higher value for loss on ignition of the feed has been used
in Figure 2 and in subsequent calculations.

A series of determinations of loss on ignition was made by
the customary method of heating the sample in a platinum
crucible over a blast burner, no change in gas supply being
made during a run. The object of this series was a study of
the rate of weight loss during ignition. The rates for three
samples are shown in Figure 4, the total loss at the end of 41/,
hours of ignition being called in each case 100 per cent to give
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an easier basis of comparison. It will be seen that the samples
vary in the rapidity with which volatile matter is given off.
Two of the samples shown had evidently not reached constant
weight at the end of 41/, hours. Twelve hours of continuous
igniting of four samples resulted in greater losses than those
found in 4 hours in the furnace tube as shown in Table II.
The fairly constant increase in loss during the last 8 hours,
irrespective of the variation of magnitude of the total loss
from one sample to another, might indicate a gradual
volatilization of alkalies. This gradual increase in loss on
ignition makes it very difficult to know when to stop the
process when highly accurate results are desired.
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TasLE II. DATA oN Loss on IeniTIiON

Loss oN IaN1TION®

SAMPLE 4 hours in tube 12 hours in crucible
% o
12 30.7 31.2
10 23.1 23.5
8 9.4 9.9
6 3.2 ; 4.1

@ Percentage of original sample.

Figure 3 shows that the combined water was driven out of
the charge rapidly. As stated above, only 0.1 per cent water
was free moisture, removable by drying at 105° C. The slight
increase in water remaining in the samples from stations 7 and
8, although not large enough to be much beyond experi-
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mental accuracy, might be attributed to the great tendency of
samples from this section of the kiln to absorb moisture. This
tendency isillustrated in Table ITI. The samples cited therein
were stored in tightly covered tin cans but were not sealed
with paraffin. In a similar set of samples stored for a year,
stations adjacent to No. 7 showed water-remaining values of
about 9 per cent, while the feed gave only 1.5 per cent.

Tasre ITI. TEeENDENCY OF SAMPLES TO ABSORB MOISTURE
Loss oN IGNITION Free Live
SAMPLE Initial 4 months later Difference CONTENT
% % - % %
Feed 31.8 31.7 -0.1 0.9
10 23.1 23.4 0.3 LILT
9 15.4 17:2 1.8 19.6
8 9.4 12.0 2.6 26.1
7 6.4 10.3 3.9 26.3
6 3.2 8.2 5.0 28.2
4 0.3 1.7 1.4 4.2
2 0.3 0.4 0.1 0.3
Clinker 0.1 0.6 0.5 0.1

Discussion oF REsuLTs

Before considering the changes occurring in the charge as it
progresses through the kiln, it becomes necessary to bring
the analytical results to some common basis for comparison.
It has been assumed that the nonvolatile material (i. e., 100
per cent minus the percentage of loss on ignition) of the feed
passes through the kiln without loss or gain in weight. This
involyes the assumption that the material volatilized by
igniting the feed in a crucible is the same in amount
as that volatilized by a partial ignition in the kiln fol-
lowed by final ignition in the crucible. This constant
amount of nonvolatile material then serves as a “tracer”
to assist in the determination of the amounts of the samples
taken at different stations which correspond to a given-size
sample of original feed. Such calculations have been madeon a
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basis of a sample of 100 pounds of feed, and the amounts of
certain constituents present at various stages of the process
found. In these calculations the loss on ignition of the feed
has been taken as 32.2 per cent, which is the value obtained
by ignition in an atmosphere of nitrogen, as described above.
The initial free lime plus all the CaO liberated from CaCO;
during the process is less than the total CaO present, the
difference representing CaO which was originally in combina-
tion with other acidic constituents than CO..

Figure 5 shows three fields indicating the state of combina-
tion of the CaO in the kiln charge at various points in the kiln.
It will be noted that CaCOj persisted in appreciable quantity
to within 20 feet of the discharge end of the kiln. Free lime
was not reduced to a satisfactory value until the clinker was
within 10 feet of the discharge end. Only small amounts of
lime were recombined while the charge was in the upper half
of the kiln. The most rapid recombination of lime occurred
near the 20-foot point where the last of the CO. disappeared
from the charge. The last of the lime recombination was a
comparatively slow process.

The data presented in Figure 6 show that, although no
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strict correlation exists, the increase in specific gravity of the
charge follows in a general way the evolution of CO, from the
charge. The decided drop in the specific-gravity curve at
stations 3 and 2 might be explained by the presence of f-
dicalcium silicate which changed, upon premature removal
from the kiln, into the 7 form which has about 10 per cent
greater volume. There is no direct evidence in favor of this
explanation, and it is merely suggested.
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Displacement of Crude Oil and Benzene
from Silica by Aqueous Solutions

F. E. BArTtELL AnD F. L. MiLreR, Chemistry Department, University of Michigan, Ann Arbor, Mich.

authors (2) reported some

results obtained in a study
of the displacement of different
crude oils from finely powdered
andj compressed silica by water.
A determination of the per-
centage of oil which could be
recovered from oil-wetted silica
was not attempted, but the
magnitude of the pressures de-
veloped in the displacement of
the oils from silica was deter-
mined. Inthe present paper the
problem of the displacement of
oil by aqueous solutions is
considered.

It is well known that water will displace organic liquids and
crude petroleum oils from silica. It has been observed,
however, that water itself is comparatively ineffective as a
displacing agent when used in actual oil-field work. The
water, whose displacing ability is originally very effective,
soon becomes sluggish in its action, and the rate of displace-
ment of the oil becomes low. This effect may be due in part
to the saturation of water with some of the more soluble
constituents of the oil or to highly adsorbed constituents of
the oil on the silica surface which are not easily removed by
the water. Experience has shown that certain aqueous
solutions are more effective than pure water in removing the
oil from the silica. Such solutions are generally known as
flooding agents. The salt solution most commonly referred
to in this connection is sodium carbonate, or soda ash. Prac-
tically, the use of this salt has apparently not met with suc-
cess. Uren (15) and Beckstrom and Van Tuyl (8) bave
used a number of different salt solutions in their researches
and have determined the relative percentages of oil recovered
by each. Uren and Fahmy (16) have also recently published

IN AN earlier paper the

sands.

The object of this investigation has been
lo oblain dala which would give informalion
concerning the function of “flooding agents”
used in the displacement of oil from oil-bearing
The results oblained indicale that neither
the surface-lension values of the liquids nor the
inlerfacial-tension values of the liquid-liguid
system are the dominant faclors.
displacing agenls appear o be those that aller
the aqueous solution-silica interface either through
a high degree of adsorption or through chemical
reaction at the interface.

data showing the effect of differ-
ent salt solutions upon the re-
covery of crude oils by displace-
ment. It is the opinion of the
above-mentioned workers that
only the salts of strong bases and
weak acids are effective as flood-
ing agents. Acidic salts or
neutral salts are not suitable.

Effective
THEORIES RELATING TO FUNC-
TION OF FLOODING AGENTS

A number of theories have
been advanced to explain the
behavior of such aqueous solu-
tions, but as yet none of them is
generally accepted. It has been suggested that the oil is
displaced from the sand because of a differential capillary
effect; i. e., since the water has a higher surface tension, than
the oil, it was thought that the difference in these capillary
forces might result in the displacement of the oil. Salts,
which when added to water cause an increase in the surface
tension of the water, would, then, produce a greater difference
between the two surface fensions and would thus effect a
greater displacement of the oil from the sand. This expla-
nation is hardly acceptable in view of the fact that many
different salts will increase the surface tension of water, and
yet only a few of them are efficient as flooding agents. It is
also true that the increase in surface tension of the water is
slight.

Other investigators have attributed the displacement

- tendency to a chemical reaction. Nutting (11-1/4) is one

who has advanced this idea. He suggested that an attraction
exists between the silica particles (Si0,) and the hydrogen
ions of the water, so that a layer of siloxyl (Si00H) radicals is
formed. These radicals would be acidic in character and
would have one free bond by means of which they might unite
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with some other substance. A reaction between the siloxyl
radicals and the basic constituents of the oil then would oceur,
so that over the surface there would be a chemical combina-
tion of the oil with silica which is quite stable. If pure water
alone were used as a flooding agent, the displacement of oil
would not be efficient because of the formation of this com-
pound. If, however, some alkaline salt were added, the oil
would be much more completely displaced; the strong base
would displace the weaker one from the acidic siloxyl radical,
and the oil, being weakly basic, would thus be removed. This
would leave on the surface of the silica grains a coating of
MHSiO; (M = Na, K, etc.) instead of the oil compound.
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Another theory, which depends upon a physical interpre-
tation, has been advanced to explain the displacement of oil
by water and its solutions. It is assumed that the oil removal
is accomplished by means of a rearrangement of the inter-
facial-tension relationships between water, oil, and silica.
Certain simple relationships between the interfacial forces
will determine the direction of the displacement. ILet Si.
represent the interfacial tension, oil-solid; S;; the interfacial
tension, water-solid; and Sy the interfacial tension, water-oil.
Consider that the following relationship holds when

Si2 > Sis + Sz

that is, when Sj. is greater than the sum of the other two
interfacial tensions, the oil-solid (S;») interface will be the one
to disappear. This is found to be the case with silica as the
solid; the organic liquids and oils are displaced by water.
There are no reliable methods for measuring either Syz or Sy,
but there are a number of different methods for determining
accurately the value of the interfacial tension, lquid-liquid
(Sa3), and it is known also that it is possible to alter its value.
Uren (15, 16) noted that the addition of sodium carbonate
would lower the interfacial tension of a water-oil system from
about 18 dynes per em. to 6 dynes per em. or less, as measured
by the ring method. While the relationship given above is
theoretically sound, it cannot be applied on a quantitative
basis, owing to the lack of interfacial-tension data relating
to solid-liquid systems.

It is believed by some investigators that the displacement
is really the result of the combination of the two factors—
chemical combination and interfacial tension. In this case,
reaction is considered to occur between the silica and the
alkali (sodium hydroxide, potassium hydroxide, etc.) which
is added or which is formed by the hydrolysis of strongly
basic salts. Uren (15, 16) has recently expressed the belief
that the reaction between the silica and sodium hydroxide
forms a silicate which is soluble, and the factor Si; in the
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equation above consequently becomes zero. It seems im-
possible to determine the correctness of this view inasmuch as
so little is known concerning the true value of the interfacial
tension of the solid-liquid system. The above author also
believes it possible that a reaction between the base and the
oil is the cause of the reduction of the interfacial tension, oil-
aqueous solution, so that both of the interfacial tensions, S
and S, may be considered to have been decreased as a result
of chemical reactions. Thus it is believed that salt solutions
are effective as flooding agents in proportion to the amount of
base they are able to furnish the solution. z

In order to obtain further information regarding the dis-
placement of oils from sands, it seemed desirable to carry out
an investigation with silica and crude oils, in which would be
measured the maximum displacement pressure of oil by
different aqueous solutions over a wide range of concentra-
tions and also the interfacial tension values of these same
solutions against the oil. In addition, it seemed desirable to
use some pure organic liquid (one non-reactive with alkali) in
the place of the oil, and to make similar measurements with
the aqueous solutions. In this manner it should be possible
to observe the similarities or the dissimilarities in the behavior
of systems in which a chemical reaction was possible, and one
in which no reaction was known to occur. A comparison of
results obtained with the crude oil and with the organic liquid
should, it seemed, give worthwhile information concerning
the displacement of oils from sands.

MATERIALS AND METHODS USED

In carrying out the measurements indicated above, a crude
oil, referred to as crude oil M in a previous paper (2), and
benzene were the two liquids used. The crude oil appeared
to be representative of crude oils in general, and its properties,
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were admirably suited to this type of work. The salts chosen
for this investigation were NaCl, Na,S0Q;, NaC.H;0,, Na.C;-
H;0s, Na,CO;; and the base, NaOH. These were used in
concentrations ranging from about 0.1 to 10 per cent by
weight. The silica used in this investigation was air-float
Tripoli silica of about 350-mesh particle size which had been
purified by hydrochloric acid treatment until it analyzed less
than 0.4 per cent impurities.

The interfacial tensions of the aqueous solutions against
benzene and against the crude oil were determined by means
of a method developed by the authors which has been' de-
seribed in previous papers (2, 3). This method is based upon
a modification of the capillary-tube method and is well
suited to work with oil which may be dark and not trans-
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parent. The measurements were carried out in a thermostat
which was maintained at 25° C.

For measuring the displacement of benzene and the oil by
the aqueous solutions, the cell designed by Bartell and Oster-
hof (5) was used. This method has been described in a
number of recent papers (1, 2, 4, 5, 6, 7), so that it will be
unnecessary to give further details at this time. With the
apparatus it is possible to measure the maximum pressure
developed when water or an aqueous solution tends to dis-
place another and immiscible liquid from silica. The actual
amount of oil or benzene displaced was not measured.

Nore. The cells were packed by means of a hydraulic press under a
gage pressure of 3000 pounds per square inch (210.9 kg. per sq. cm.). Recent
work in this laboratory has shown, however, that under such conditions the
effective pore size of the membrane may vary somewhat with progressive
displacement of liquid. No attemnpts, therefore, have been made to use the
displacement data obtained in this work in calculating the adhesion tension
values for these solutions. Since the conditions are probably quite com-
parable with those found in the actual oil sands, the pressure data are given
to show the effect of the different salt solutions upon the displacement of the
oil.

DispraceEMENT oF CrupeE Om M Anp BENZENE BY
AQUEOUS SOLUTIONS

TasLE I.

BENZENE Crupe OIL ———
CONCENTRATION Increase Increase
Pressure in pressure S: Pressure in pressure Sz
% by  Equiv./M Grams/ Grams/
wt. grams H:0 cm.? /) cm.? %

NaCl
0.00 0.0000 346.5 0.0 34.65 255.3 0.0 24.54
0.05 0.0085 349.3 0.8 34.71 255.3 0.0 24.93
0.10 0.0171 353.3 2.1 34.75 255.3 0.0 25.07
0.50  0.0859 366.9 5.9 34.91 256.8 0.6 25.49
1.00 0.1728 372.4 7.5 35.10 258.0 1.0 25.67
2.00 0.3395 377.3 8.9 35.40 262.3 2.7 25.87
5.00 0.9014 380.5 9.8 36.20 268.5 5.2 26.13
10.00 1.9010 387.3 = 11.8 37.40 288.1 12.8 26.27

Na:804
0.00 0.0000 346.5 0.0 34.65 255.3 0.0 24.54
0.10 0.0141 346.5 0.0 34.71 255.3 0.0 24.54
0.20 0.0282 353.5 2.1 34.80 255.3 0.0 24 .54
0.50  0.0708 360.1 3.9 34.95 256.8 0.6 24.54
1.00 0.1423 364.2 5.1 35.10 260.0 1.8 24 .54
2.00 0.2874 369.7 6.7 35.25 264.0 3.4 24.55
5.00 0.7422 375.1 8.2 35.78 272.0 6.5 24.60
10.00 1.5650  384.6  11.2 36,70  206.4  16.1  24.73

NaC:H:0:
0.00 0.0000 346.5 0.0 34.65 255.3 0.0 24.54
0.50 0.0613 360.1 3.9 34.62 256.9 0.6 23.58
1.00 = 0.1232 362.9 4.7 34.68 258.2 1.1 23.10
2.00 0.2489 362.9 4.7 34.71 260.9 2.2 22.36
5.00 0.6427 68.3 6.3 34.68 265.0 3.8 18.99
10.00  1.3550  375.1 8.2 ' 13475 270.4 5.9 1285
Na:CiH.0s

0.00 0.0000 346.5 0.0 34.65 255.3 0.0 24 .54
0.50 0.0518 364.2 5.1 34.45 260.9 2.2 24.54
1.00 0.1041 373.7 7.8 34.33 269.0 5.4 24 .54
2.00 0.2104 391.8 13.1 34.11 305.8 19.8 24.45
5.00 0.5432 398.2 14.9 34.02 299.0 175 23.99
10.00 1.1454 399.5 15.3 34,27 304.2 19.6 22.24

Na:COs
0.00  0.0000 346.5 0.0 34.65 255.3 0.0 24 .54
0.01 0.0019 346.5 0.0 34.10 255.3 0.0 23.29
0.05 0.0094 346.5 0.0 34.12 256.8 0.6 15.62
0.10 0.0189 346.5 0.0 34.17 258.0 1.0 13.69
0.50  0.0948 357.9 3.2 34.33 273.4 7.1 9.32
1.00  0.1906 369.1 6.5 34.51 284.0 11.2 7.06
2.00  0.3850 389.2 12.3 34,64 293.5 15.0 2.54
5.00 0.9942 428.1 23.5 34.75 313.9 23.0 1.19
10.00  2.0980 441.7 27.4 34,85 346.5 35.8 1.02

NaOH
0.00  0.0000 346.5 0.0 34,65 255.3 0.0 24 .54
0.052 0.01 R 33.76 Y
0.50 0.1256 375.1 8.2 34.10 281.3 ° 10.2 9.08
1.00 0.2525 403.6 16.5 34.40 313.6 22.9 8.52
2.00 0.5102 415.9 20.0 35.05 332.9 30.4 8.26
5.00 1.3170 421.3 21.6 35.90 338.4 32.6 8.10
5.24 1.380 3 R 35.95 iy
10,00  2.7780 432.2 24.7 36.05 339.8 33.2 6.91

DISPLACEMENT PRESSURES

From the displacement-pressure measurements with the oil
and benzene against the different aqueous solutions, some
interesting relationships were observed. With dilute solu-
tions of salts such as NaCl and Na,S0Oy, the maximum dis-
placement pressures were only slightly different from those
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obtained with pure water. When solutions of 10 per cent
concentration were used, the total pressure increase was 11.8
and 12.8 per cent (Table I) for benzene and crude oil, re-
spectively, with NaCl; and 11.2 and 16.1 per cent for the
same pair of liquids with Na.SOs. There was very little
increase in pressure when NaC,H;0. solutions were employed.
With a 10 per cent solution of this salt the pressure increase
amounted to 8.2 per cent for benzene and 5.9 per cent for the
oil. When Na,C;H,0; was used, however, somewhat greater
pressure differences were obtained. The increases in pres-
sures were 15.3 and 19.6 per cent for the benzene and oil,
respectively, with a 10 per cent solution. With Na,CO; and
NaOH solutions the greatest effects were obtained. A 10 per
cent solution of Na,COs caused an increase in pressure of the
benzene displacement of 27.4 per cent and an increase of 35.8
per cent in the pressure of displacement of the oil. A similar
concentration of NaOH caused increases of 24.7 and 33.2 per
cent, respectively, for the same two liquids. It is interesting
to note that the percentage increase of pressures is very
similar with both benzene and the crude oil against the
various solutions. This series of pressure measurements also
shows an agreement with the views of other workers—mnamely,
that alkaline solutions are the most effective in displacing oils
from oil-bearing sands. Graphs showing the relation of
concentration of salt solutions to percentage increase in
pressure are given in Figures 1 and 2.

INTERFACIAL-TENSION VALUES

The results of the interfacial-tension measurements of the
different solutions against crude oil and against benzene are
more striking than those of pressure measurements. With
solutions of the neutral salts, such as NaCl and Na,SO;, no
great difference in the liquid-liquid interfacial-tension values
were observed. Against benzene, both salt solutions in-
creased the interfacial-tension values until at a concentration
of 10 per cent the values were 37.4 and 36.7 dynes per cm. for
NaCl and Na,SOs solutions, respectively, which compare
with 34.65 dynes per cm. for the water-benzene interface
(Table I). With the crude oil, similar increases were ob-
tained although they were not quite so great as those found
with benzene. With NaC,H;0,, however, the benzene and
crude oil behaved quite differently (Table I). Against
benzene there was little if any change in the interfacial-tension
values even at rather great concentrations of solute. Against
the crude oil the salt solution reduced the interfacial-tension
value almost 50 per cent when a 10 per cent salt solution
was used. Na,CH;0; solutions seemed to behave almost the
same against both of the liquids. A small decrease in the
interfacial tension against both benzene and the crude oil was
observed (Table I). With the NaOH and Na.CO; solutions,
however, there was no similarity between the effect upon the
benzene-water tension and upon the crude oil-water tension.
Against the crude oil a 10 per cent solution of NaOH reduced
the interfacial tension from a value of 24.54 dynes per cm. to
6.91 dynes per cm. With Na,CO; a still greater decrease was
obtained. The interfacial tension of a 10 per cent solution
against the crude oil was found to be around 1 dyne per em.
In both of these systems the interfacial-tension values dropped
very rapidly with increasing concentration of the salt or base
(curves V and VI, Figure 3). Against benzene, quite different
results were obtained. At low concentrations, only slight
decreases in the interfacial tensions of the solutions against

-benzene were found. With a Na,CO; solution of 0.010 per

cent concentration, the interfacial tension was found to be
34.10 dynes per cm. compared with 34.65 for benzene-water.
With higher concentration the values increased regularly until
at a concentration of 10 per cent the value was 34.85 dynes
per cm. With NaOH a similar result was obtained. With a
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concentration of 0.052 per cent the value found was 33.76
dynes per cm., but, as the concentration was increased, the
interfacial-tension values increased until at a concentration of
5.24 per cent the value found was 35.95 dynes per cm. These
measurements agree fairly well with those obtained by Har-
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kins and co-workers (9) in which they found with the drop-
weight method that at low concentrations a decrease of 1 to 2
per cent was observed in the sodium hydroxide-benzene
interfacial tension, although increasing the concentration
soon caused the tension to go higher than that of water-
benzene. In Figures 3 and 4 curves are presented to show
the effect of the different salt solutions upon the interfacial
tensions of the benzene-water and crude oil-water interface.

Nore. The NaOH used for the above measurements was prepared by
allowing water vapor to come into contact with metallic sodium. The re-
sulting concentrated solution was caught in a platinum dish below a monel-
metal gauze upon which the sodium was suspended. This NaOH gave
excellent results which were easily reproducible. Measurements which
were attempted with some of the purified compound obtained from various

commercial sources did not give satisfactory results, nor results which could
be duplicated.

Discussion

From the results obtained above it appears that several
relationships exist between the effect of aqueous solutions
upon benzene and crude oil, and their displacement from
silica by these solutions. As a result of the displacement-
pressure determinations, one obtains evidence that the
different salt solutions behave similarly against both benzene
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and crude oil.. This is difficult to explain in the light of some
of the earlier theories. It is also obvious that the alkaline
solutions are more effective in bringing about this displace-
ment.

Interfacial-tension measurements show that the effect of
the neutral salt solutions against benzene and oil is similar,
but that with alkaline solutions the effect upon the two
liquids is very different. = Alkaline solutions greatly reduce the
interfacial tension of the water—crude oil interface whereas
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they increase slightly the water-benzene interfacial tension.
This would indicate that the alkaline substances must react
with some constituent of the crude oil, so that a compound is
formed which is highly adsorbed at the liquid-liquid interface.
This then would cause the great decrease in the interfacial
tension which has been observed. It would appear, however,
that this reaction between the oil and alkali does not have an
appreciable effect upon the displacement of oil from the sand,
since the alkaline solutions appear to displace the benzene
from the sand just as effectively as they do the oil, It seems
probable that the increased effectiveness of the alkaline
solutions in displacing liquids from silica is due to a reaction
between the silica and the aqueous solution. Either the base
reacts chemically with the silica or is highly adsorbed by it.
The factor determining the efficiency of flooding agents then
appears to be associated with the aqueous solution-silica
portion of the system. In this respect the views of Nutting
(10, 18, 14) receive, at least, partial substantiation. Accord-
ing to his theory, effective oil displacement by aqueous solu-
tions is brought about by chemical reactions which occur at
the solid-liquid interface. His views were discussed earlier
in this paper.

As a result of the present investigation, it may be concluded
that whatever the nature of the displacement no definite
relationship between the change in pressure of displacement
and the change in the liquid-liquid interfacial-tension values
can be found, Effective displacing agents appear to be those
that alter the aqueous solution-silica interface, either through
a high degree of adsorption or through chemical reaction at
the interface.
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Uxirep StaTes Leaps iNx Propucrion oF AvumiNnum. Con-
sidering aluminum and bauxite production by countries, the
United States leads all others in production of the metal, and
France leads in production of bauxite, according to the United
States Bureau of Mines. Six countries supply about 88 per cent
of the total aluminum produced in the world; in order of output
they are the United States, Canada, Germany, France, Switzer-
land, and Norway. Three countries—France, Hungary, and the
United States—supply 66 per cent of the total bauxite produced;
four other countries—Dutch Guiana, Italy, British Guiana, and
Yugoslavia—supply 32 per cent. Of the seven chief producers
of bauxite and six chief producers of aluminum only two countries
—the United States and France—appear in both groups. Alumi-
num is the most abundant metal in the earth’s crust.



Corrosion of Metals by Milk

Effects of Operating Conditions on Corrosion in Various Parts of
Pasteurizing Equipment

H. A. TreBLER, National Dairy Products Corp., Baltimore, Md., AxD W. A. WESLEY AND
F. L. LAQuE, International Nickel Co., Inc., New York, N. Y.

The corrosion of nickel, copper, nickel-silver,
an experimenlal chromium-nickel alloy, and a chro-
mium-nickel-iron alloy in sweet milk was studied.

It was found that in milk being healed fo the
pasteurizing lemperature and held al that lempera-
ture nickel was corroded only slightly. The normal
increase in the rate of corrosion which accompanies
a rise in temperalure of most corrosives was found
lo be prevented in a positive manner by the formation
of a prolective film on nickel favored by air super-
saturalion and high velocily of the milk. During
the process of cooling milk from the pasieurizing
lemperalure, there was no protective film formation
so that the corrosion of nickel was normal, de-
pending on aeration, temperature, and velocily.
Corrosion was appreciable during the initial stages
of cooling, and decreased steadily as the temperature
was lowered. The dual effect of high aération and
high velocity in increasing the rate of corrosion under
certain condilions and decreasing the corrosion

HE use of new types of equipment for the continuous
pasteurization of large volumes of milk at high rates
- of flow has become common. Rapid corrosion of
nickel in regenerative coolers in some of these systems was in
apparent disagreement with the satisfactory performance of the
metal in internal tubular heaters and other units. Conditions
of service in heaters seemed more severe than in regenerators,
because of the higher temperatures maintained at the metal
walls; nevertheless the corrosion in heaters was very slight.

Several explanations of this supposed abnormality were
offered. They will be discussed in detail elsewhere in this
paper. However, a further development of the data given by
MecKay, Fraser, and Searle (5) seemed sufficient to account for
the rapid corrosion of the regenerators. They also pointed
out that freedom from corrosion of heater tubes might be
explained by the formation of protective films, but did not
suggest why film formation was confined to heaters and similar
equipment. They enumerated the principal factors to be
considered in laboratory corrosion tests—namely, acidity,
temperature, aération, velocity, film formation, and galvanic
effects. To these should possibly be added the effect of more
noble metals in solution such as copper.

Space is not available for a complete review of the literature
on metals in milk. A comprehensive bibliography is, how-
ever, contained in the above-mentioned paper. Some recent
contributions by Hunziker, Cordes, and Nissen (4) and
Guthrie, Roadhouse, and Richardson (3) should be added.

Unfortunately most laboratory investigations on corrosion
of metals by milk and the effects of metals on flavor have been
carried out under special conditions usually very different
from those actually encountered in most plants. While the

rale by accelerating protective-film formation under
other conditions, accounled for the difficully in ap-
plying the results of former investigations lo explain
the practical behavior of nickel in milk.

Nickel-silver showed somewhat the same behavior
as nickel, but copper was not noticeably protected
on heating. The chromium-nickel alloy was re-
sistant under all conditions, as was the chromium-
nickel-iron alloy in the limiled number of lests in
which it was included.

Galvanic corrosion, due lo differences in melal,
aeration, or temperalure, was unimporlant, as was
also the metal content of the milk.

The resulls are directly applicable to plant opera-
tions and will enable the manufacturer and operator
lo use nickel with assurance in the larger part of
pasteurizing equipment and lo avoid the difficullies
which would be associaled with ils use in the par-
ticular pteces of equipment where corrosion 1is
appreciable.

pasteurizing process itself is simple enough, there are about
as many different flow sheets as there are plants; consequently,
pasteurizing conditions in respect to corrosion vary greatly.

In the present investigation, corrosion tests were made in
both plant and laboratory. The laboratory tests served to
study the variables encountered in the plants and finally to
develop a laboratory procedure which was believed to re-
produce plant conditions and to explain satisfactorily the
peculiar behavior of milk in its corrosion of metals.

The following metals and alloys were included in the tests:

METAL APPROXIMATE ANALYSIS

i u r e Zn
% ) % % %
Nickel 99.5 30 ve (55 he
Copper 4 99.9 G
Nickel-silver 20 75 o s 5
Chromium-nickel alloy 83 .. 12 5 il

Chromium-nickel-iron alloy 8 i 18 74

These will all be recognized as materials in common use,
except the chromium-nickel alloy which is an experimental
composition now being developed.

LABORATORY STUDY OF NORMAL CORROSION OF METALS

In studying corrosion by milk in the laboratory, it was not
considered advisable to prolong the individual tests because
of the changes which might occur in the milk. In addition it
was found that, even in tests as short as 1.5 hours, weighable
losses were obtained; the results were reproducible and
checked those obtained by weight-loss determinations in
7- to 8-hour plant tests.

In some experiments the acidity of the milk was determined
by titration before and after the tests. The changes found

339
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were so slight that the practice was discontinued in favor of
simple tasting, which served to demonstrate that no important
changes in acidity had occurred.

RoTATING SPINDLE APPA-
RATUS FOR CorrosioN TESTING

Ficure 1.

The bacterial content of the milk samples used was not
determined. However, all the samples were taken from the
same pasteurizing plant, and all had the same age when used.
The bacteria content would presumably still show great

_ variations, but very little is known about the importance of
this factor in regard to corrosion of metals by milk. It is
conceivable that a large number of dead or living bacteria
might influence the results because of their effect on the
available oxygen content, but no important error would be
expected from this source because the milk was kept, as far as
possible, saturated with oxygen during all the experiments.
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Figure 2. Errect oF VELoCITY ON CORROSION OF
NICKEL BY MILK AS DETERMINED WITH ROTATING
SpINDLE MAcHINE

TesTs AT 63° C.  Most plants have one thing in common;
that is, that milk is heated quickly to about 63° C., held at
this temperature for 30 minutes, and then cooled down again
to about 4° C. Therefore it seemed desirable to determine
the rates of corrosion of metals at 63° C. in fully aérated milk
at the convenient, arbitrarily chosen velocity of 4.7 meters
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per minute, available in the standard vertical circular-path
corrosion machine described by Fraser, Ackerman, and Sands
(2). Such determinations would serve as a convenient basis
of comparison for tests made under other conditions. How-
ever, in most of the later tests control specimens were used
whenever possible to facilitate direct comparison, independent
of unavoidable variations in conditions.

In most of the experiments sheet-metal test pieces, 2.5 by
5 em., were suspended in glass stirrups attached to the moving
arm of the corrosion machine. The specimens were first
resurfaced with No. 0 French emery and then scrubbed with
pumice, wiped off with a clean cloth, and weighed. After
exposure the pieces were cleaned with tripoli soap by rubbing
with the fingers only, using no brush or harsh abrasives. This
treatment proved satisfactory for removing any adherent
corrosion product or film without removing any of the metal
itself.
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Ficure 3. Errect ofF VELocity oN CORROSION OF
NickeL BY M1k As DETERMINED wiTH CONTINUOUS-
FrLow AppPARATUS

Open storage-battery jars served as containers for the milk.
Aération was effected by the introduction of filtered com-
pressed air through glass tubes ending in fine tips near the
bottom of the jars. A better distribution of the air was at-
tempted by means of porous cups but had to be abandoned
because of excessive foaming. The temperature of the milk
was regulated by adjusting the temperature of the water bath
in which the jars were placed.

The results obtained with nickel, copper, and chromium-
nickel in 4-hour tests are given in Table I. There was a
noticeable spread between the highest and lowest values found
both for nickel and copper but not more than would be ex-
pected in corrosion tests. In the case of copper the checks
within a single test were very good, while the differences
between the results from the different tests were somewhat
larger.

ErrEcT OoF VARIOUS FACTORS

TEMPERATURE AND VELOCITY. In order to determine the
effects of temperature and velocity on corrosion of nickel in
fully aérated milk, a number of tests were made with the
rotating spindle machine shown in Figure 1. With this
apparatus the velocities of the test pieces depended on their
speed of rotation and their distances from the axis of rotation.

The results of these tests are shown in Figure 2. At lower
temperatures than those covered by the graph, the results
were not sufficiently consistent to permit plotting. The
reason for this behavior at lower temperatures was probably
connected with lack of uniform aération of the milk and the
development of protective films to some extent. In order to
obtain the maximum rates of corrosion, it was necessary to
heat the milk above the temperature to be investigated and
then cool it to the desired value. When this was not done,
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TasrLe I. Corrosion oF NickeL, CorpER, AnND CHrOMIUM-NICKEL IN FuLLy AEraTEp MILK AT 62-64° C.
CoRrros10N OF NICKEL Corrosiox or CHrROMIUM-NICKEL Corrosion or CorPPER

Expr Av, TEMP. Test 1 Test 2 Av. Test 1 est 2 Av. Test 1 Test Av.
20 M.d.d*? M, d. d. M.d. d. M. d.d. M. d.d. M.d. d. M. d. d. M. d. d. M.d.d,

14 63 501 3 550 525 0 2 1 S Sk S

20 63 519 533 526 0 0 0 130 130 130

20 63 478 523 500 i T S0 125 134 130

gg g: g%g 52% gig 0 0 0 152 131 142

3 5 0 0 0 164 169 16

23 62 499 504 502 e e A 6 6

Grand average o S5 L3 520 0 142
Average deviation from the mean +3% A +=11%

4 Mg. per 8q. dm. per day.

TasLe II.

ErrFEcT oF AERATION ON CORROSION OF NICKEL BY MILk AT 63° C.

Rare or CorrostoN or NICKEL IN MILK AERATED WITH:

AIR:
Test 2

Expr. Test 1 Av. Test 1 Test 2
M.d.de® M.d. d M. d. d. M.d. d. M. d. d.
13 501 550 525 132 126
17 440 442 441 53 109
17 267 364 316 71 131
19 555 629 591 15 23

% Mg. per sq. dm. per day.

and the milk was brought just to the testing temperature and
held there, much lower rates were obtained, as shown in the
two lower curves in Figure 2. This point will be discussed in
greater detail in connection with protective films elsewhere in
this paper.

Because of the uncertainty in regard to velocity and
agration in the above experiments, another experimental
procedure was tried which, however, was capable of producing
results only at low velocities.

Four holders similar to Figure 5, except that each contained
two nickel specimens, were joined together in series and placed
in a water bath. The diameters of the four glass tubes of the

,_lh‘:‘dwazl:.,.w

Mrix fon

<

J

|

p——
L

b

LUATER

/

e

|
!
Y

Ficure 4. AppArAaTUS FOR MAKING
Corrosion Tesrs v Frowine MiLk

holders were so chosen that the velocities of the milk past the
test pieces would be in ratio 1:2:3:4. The milk came from a
small storage jar and was heated up to about 58° C. while
flowing through a glass coil submerged in water at 62° C.
From the coil the milk flowed through a glass tube, 1 meter
long, and the four specimen holders in a water bath at 58° C.
The temperature of the milk dropped to about 57° C. before
entering the first holder, and reached 56° C. after passing
through all four. The milk was aérated and returned to the
storage jar by means of an air lift 2.5 meters long. The runs
lasted 2 hours each. The results of two experiments are
given in Figure 3. The corrosion rates would presumably
have been higher if more of a temperature drop or a longer
cooling time had been allowed before the milk reached the

NITROGEN

Av. REMARKS
M. d. d.
lgil) Nitrogen sweeping over surface of milk
101 Test made using raw milk
19 Milk aérated and deaérated for long time prior to test
pieces. A possible disturbing effect of the slight temperature

drop from piece to piece was taken into consideration by
making two runs; in one the milk entered at the widest tube
and in the other at the narrowest.

Further data on the effects of temperature and velocity
on the corrosion of nickel and copper may be obtained from
the curves in Figure 6 and from Tables VIII and IX, covering
laboratory results with flowing milk, and in Figure 17 which
gives the grand average of the results obtained in plant tests.

The rate of corrosion of nickel by milk decreased about 15
mg. per sq. dm. per day per °C. at the average plant velocity.
Good checks were obtained in plant and laboratory tests run
at corresponding temperature, velocity, and degree of aéra-
tion.

AErarion. The importance of aération in the corrosion
reactions has been mentioned. Some experiments were made
to compare the rates of corrosion of nickel in fully aérated
milk with those found in milk more or less completely freed of
air by the substitution of nitrogen for air in the aérating system.
The usual test pieces, 2.5 by 5 em., were employed, suspended
in glass stirrups from the moving arm of the corrosion ma-
chine. The tests were of 3 hours’ duration. The results are
given in Table II. It was quite evident that the rate of
corrosion was materially decreased when the oxygen content
was reduced. The results of experiment 19 in particular
demonstrated that, if the efficiency of the deaération were
improved by increasing the length of time the milk was ex-
posed to nitrogen, the rate of corrosion of nickel by milk would
approach zero, and that therefore oxygen must play a very
important role in the corrosion reaction.

The chromium-nickel alloy was included in two series of
tests and showed no corrosion in aérated or deaérated milk.

TasrLe 1II. Errecr or Burter FAT on Corrosion oF NICKEL

BY FuLLy AERATED MILK AT 63° C.

Test CorrosioNn RATE Type oF MILK

M.d.d2
1 440 4 liters homogenized and pasteurized milk
2 456 225 ce. whipping cream in 4 liters homogenized
and pasteurized milk
3 451 4 liters pasteurized milk
4 421 225 ce. whipping cream in 4 liters pasteurized milk

@ Mg. per 8q. dm. per day.

Errect oF Burrer-FAT CONTENT ON NorMAL CORROSION
or Nicken. The fat content of the samples used was pre-
sumed to be fairly constant, as was also the number and size of
the fat globules. However, it was thought advisable to make
some comparative studies using raw and pasteurized milk
(Table II), and pasteurized and homogenized milk with and
without the addition of cream (Table III). The results
indicated that the effect of the quantity and distribution of
butter fat in the milk was not important.
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TasLe IV. Errect oF STEAM STERILIZATION ON CoRrRrosioN oF NICKEL SPECIMENS IN Prant I

—
Test 1

BEFORE STERILIZATION

CORROSION OF SPECIMENS INTRODUCED
AFTER STERILIZATION-———————

TEST STATION LocaTioN oF TEST STATION Test 2 Av. Test 1 Test 2 v.
M. d. d.o M, d. d. M. d. d. M. d.d. M. d.d. M. d. d.
7 12th tube of heater 30 23 27 71 68 70
8 19th tube of heater 67 o 67 99 o 99
12 3rd tube of regenerator 1150 1090 1120 1167 - 1103 1135
15 7th tube of regenerator 888 888 888 940 1100 1020
16 9th tube of regenerator 825 56 825 917 o 917

¢ Mg. per 8q. dm. per day.

This finding was not in conflict with the results obtained
by McKay, Fraser, and Searle (6) concerning the effect of
butter fat on the corrosion of nickel in lactic acid solutions,
because it is now generally assumed that sweet milk does not
contain any free lactic acid.

PrETREATMENT OF METAL. It was observed in some plant
tests that the rates of corrosion, determined with specimens
introduced before the equipment was sterilized with steam,
differed noticeably from those found when the specimens were
installed after the sterilizing process (Table IV). To check
this point in the laboratory a number of the usual nickel strips
were treated in different ways and then exposed to fully
aérated milk at 58° C. for 2 hours in the corrosion machine.
The treatment given the various pieces and the results ob-
tained are shown in Table V. The treatment with steam and
air afforded definite protection to the metal. Steam alone
or heat (in air) alone did not cause any appreciable reduction
in the rate of corrosion. The ammonia treatment, which
usually renders nickel passive, had less effect than might be
expected.

LEctwo
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Ficure 5. SeecrmEny Horper Usep
witH ConTinuous-FLow APPARATUS

DissoLvep AND MErarric CoppEr. Colin G. Fink in a
discussion of the paper by McKay, Fraser, and Searle (4)
suggested that dissolved copper might have an effect on the
corrosion of nickel by milk, and that nickel apparatus might
remove copper from milk. Certain tests were made on this
point, the results of which may be published separately since
they are aside from the subject matter of the present paper.
It should, however, be noted that the present authors have not
found that the presence of dissolved or metallic copper affected
corrosion rates appreciably, or that nickel equipment changed
the normal copper content of milk.

Garnvanic Errecrs. The possible galvanic corrosion of
nickel, due solely to the difference of solution pressure of the
metal in contact with milk on the outside of regenerator tubes
at one temperature and on the inside of the tubes at a higher
temperature, was investigated. The study was complicated
to some extent by the galvanic currents set up by the differ-
ences in concentration of dissolved oxygen in the milk at the
two temperatures. Tests were also made on galvanic effects
obtained by coupling of different metals.

TasLe V. EFrrEcT OF PRETREATMENT OF THE SPECIMENS ON
Corrosion oF N1ckeL BY FuLLy AERATED MiLke

Tesr1 TrsT2  Av.

M.d.ddM.d.d. M.d.d.
Control specimens resurfaced with emery and

PRETREATMENT OF NICKEL SURFACH

scrubbed with pumice 494 538 516
Specimens resurfaced with emery and washed

with soap 476 538 507
Specimens resurfaced and exposed to steam at

97° C. for 1 hour 482 500 491
Specimens resurfaced and exposed to steam and

air at 95° C. for 1 hour 125 180 152
Specimens resurfaced and exposed to air at

80° C. for 1 hour S 482 507 494
Specimens resurfaced and treated with cold 1%

ammonia solutien for 1 hour 356 363 360

@ The specimens treated at high temperatures were allowed to cool down
before placing them in the milk.
b Mg. per 8q. dm. per day.

The data demonstrated that galvanic effects were of minor
importance in the corrosion of pasteurizing equipment.
However, some interesting results were obtained which will
be made the subject of a separate paper.

FormaTIiON OF Finms ProTECTING NICKEL FROM CORROSION
N MILE

The data given elsewhere in this paper demonstrate that
the rapid corrosion of nickel regenerators required no special
explanation because it was normal, being proportional to
temperature, degree of aération, and velocity. The corroding
metal acquired a brown or black film which had a tendency
to slow down the corrosion with time. It is peculiar that a
corrosion-resistant metal, such as nickel, should, under any
conditions, show a high corrosion rate (see, e. g., Table X) in an
essentially neutral liquid, such as milk. The final explana-
tion of this fact is outside the scope of this paper. It is
possibly linked with the amphoteric character of the protein,
and the ease with which the nickel protein complex in its
monomolecular state is dispersed in milk.

The fact requiring explanation was that nickel equipment
did not corrode wherever the milk was being heated.

It was realized early that a protective film was formed in
heaters distinctly different from the black or brown corrosion
tarnish mentioned above. In some cases this protective film
was practically invisible, but it could usually be recognized
by a distinet iridescence. These films seemed to harden and
take on a whitish color on exposure to air. They could be
removed from the test pieces by washing with tripoli soap
before weighing. If the pieces were incompletely washed,
they would show gains in weight up to 1 or 2 mg. per square
decimeter of surface, presumably because of the weight of the
film. Nickel test pieces were also installed for a complete
pasteurizing run in an internal tubular heater and inside a
regenerative cooler in plant I (Figure 7). Some of the pieces
were used as controls for direct weight-loss determinations,
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while others were taken to the laboratory for use in corrosion
tests to determine the durability of the protective coatings.
The experiments showed that a definite and lasting protection
was afforded by the previous exposure of the samples in the
heater. Previous exposure in the regenerator also developed
good protection of the specimens, which, however, could be
traced to the adhering corrosion products rather than to films
of the type formed in the heater.

PossiLe ErrecT oF BurTER FAT. It seemed reasonable to
assume that the butter fat in milk might be effective in the
formation of protective films, since fat would give the metal
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Ficure 6. REesuLts oF LABORA-

TORY TEsTS ON CORROSION OF
MetaLs 1IN FLowine MiLk

excellent protection if it could become sufficiently wellattached
to the metal surface. However, the surface films observed
on test pieces taken out of heaters did not look or feel greasy,
although a slight oily feeling was developed on specimens
exposed in locations where the milk was flowing at a low
velocity. It looked rather as if deposition of butter fat were
secondary to the formation of a protective film through some
other agency. It has already been shown that in laboratory
tests an increasein the butter-fat content was not accompanied
by any decrease in corrosion rate (Table IIT).

ForMATION BY ANoDIC PRECIPITATION OF COLLOIDAL
ParricLes FroM Mink. Laboratory experiments showed
that corrosion-protective films could be formed on nickel by
anodic precipitation, but later work demonstrated that any
such effect would at the most be of onlysecondary importance,
because perfect protection could be obtained both in plant and
laboratory on test pieces which were electrically well insulated.
As a matter of fact, the results as shown in Table VI showed
definitely that it did not make any difference whether the
pieces were grounded or not.

TasrLe VI. Comparison or CorrosioN RATES oF INSULATED®
AND GrounpeDp NickeL TEsT Preces v Prant I

INSULATED SPECIMENS GROUNDED SPECIMENS

StATION Test 1 Test 2 Av. Test 1 Test 2 Av. REeMaARks
M.d.dvM.d.d. M.d.d. M.d.d. M.d.d. M.d.d.
8 7 1 4 8 11 9  Iridescent
m
8 51 27 39 42 40 41 Irigleecent
m
12-13 913 958 936 918 084 951 Heay,
black film

¢ Insulated specimens were mounted on holders (Figure 13) in the center of
the tubes; grounded specimens were in contact with the tube walls.

b Mg. per 8q. dm. per day.

ErrEct oF DirecrioNn or HeAr Frow. Since plant
experience had shown that nickel corroded wherever the milk
was being cooled and did not corrode where the milk was
being heated, the possibility that the direction of flow of heat
between the metal and the milk might affect the rate of
corrosion of nickel was investigated.
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It was improbable that the protection on heating was due to
some sort of “baking on’’ effect, since in most plants the heat-
ing medium was only a degree or two hotter than the maxi-
mum temperature of the milk, and because protection oc-
curred at temperatures as low as 15° C. However, the experi-
ments were not conclusive in establishing a means of produc-
ing protective films at will.

TasLe VII. CorrosioN o NICKEL IN SAMPLES oF MiLk TAKEN
FROM VARIOUS LOCATIONS IN AN OPERATING PLANT

Temp, TEMP.

WHEN OF ConrrosioN or NICKEL DuraTioN
SoURCE oF MILK TAXKEN TrEsT Test1 Test2 Av. or Rux
°C. °C. M.d.dsM.d.d. M.d.d. Hours

Raw milk from mixers 3 47 477 440 459 2.0
Regenerator trough 4 47 473 464 469 2.0
Regenerator trough 47 58 511 570 541 2.0
Regenerator trough 49 58 450 576 513 1.5
6th tube of heater 35 51 387 416 402 2.0
6th tube of heater 63 58 440 480 460 2.0
20th tube of heater 55 53 492 432 462 2.0
20th tube of heater 59 59 460 534 497 2.0
20th tube of heater 59 60 488 544 516 1.5
Outlet of holder 60 681 195 257 226 1.5
7th tube of regenerator 45 58 440 465 453 2.0
7th tube of regenerator 45 57 340 413 377 1.5

4 Mg. per sq. dm. per day.

Several types of apparatus were used to study this point.
The experiments showed that, if the metal were kept hotter
than the milk, or if the milk were heating up, low corrosion
rates would usually be obtained; if the metal were cooler than
the milk, or if the milk were cooling down, normal corrosion
rates could be expected. The conclusion was reached that the
direction of heat flow was not important in determining the
extent of protective-film formation except in so far as it
caused either heating or cooling of the milk in contact with
the metal. This was still more conclusively proven by the
plant results listed in Table VI, which demonstrated that
specimens placed in the center of heater tubes were afforded
protection as well as those placed in contact with the metal

walls.
g o
] oge 3
5 @
g Ve 7 8 §
2 MxeR_ @8 o v
3 §
85y 3§ 3
@3N 3 S
90 § §
g |
_TIHHED (DI ol ek 2 S é“(;@
o3 388
000CCe 99
000 ° :
0000000O %g 83 $
o] ¥
6000009° ’—% 00 ¢
OO00000OG! ©G§ A
o 7
To fILLER.

Ficure 7. Frow SHEET oF PLANT 1

IMPORTANCE OF AIr. It was evident that up to this point
no laboratory procedure had been developed to produce
protective films on nickel at will, and that some factor operat-
ing in the plant was not being covered adequately by the
laboratory test. It was thought that this missing factor
might be connected with the condition of the air in the milk
being heated.
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TasLe VIII. Corrosion oF NickeL v FLowine MiLk
VeLociry 16 ‘;)I PER MIN. VevociTy 7-10 M. pER MIN. Vevociry 0.1-0.7 M. pErR MIN.
re- re- Pre- -
e treat- Temp. Wt., 4 treat- Temp. Wt. treat- Temp. Wt.
Expt. Temp. Time ment dif. loss Expt. Temp. Time ment dif. loss Expt. Temp. Time ment dif, loss
°C. Hours °C. M. d.ds °C. Hours °C. M.d.dse °C. Hours °c. M.d.ds
STATION 1, IST STEP OF HEATER
fi0 47 5 13130 8 Veas LR 0 git 4 FRE3i0 i Ves il TG 0
Q9 4(_} 3.9 \'cs +16 0 Bk 8 47 1.7 Yes +12 28
8 47 1.7 Yes +12 0 5 58 3.2 No +35 75
1 44 2.6 No +13 74 ; i 4 47 3.3 Yes 418 81
3 49 4.6 No +20 75 a5 & 7 50 3.0 Yes +38 104
357 8 G 5y 523 5 58 3.2 No +35 120 6 45 1.5 Yes +39 160
50 L3 1 44 2.6 No +13 212
STATION 2, 2ND STEP OF HEATER
4 62 3.3 Yes +33 0 8 55 157, Yes 420 28
9 60 3.0 Yes +30 3 63 4.6 No +34 42
8 55 1.7 Yes +20 14 A% sl 9 60 3.0 Yes +30 56
1 59 2.6 No 428 46 i 5 b 62 3.2 No +39 90
3 63 4.6 No +34 57 7 60 3.0 Yes +48 120 1 59 1.5 No +-28 111
2 s o0 e 3 5 62 3.2 No -+39 157 7 60 3.0 Yes +4-48 144
6 61 1.5 Yes 455 270 6 81 1.5 Yes +-55 160
STATION 3, IST STEP OF COOLER
3 58 4.0 No -5 216 8 44 157 N =11 5
4 58 3.3 No —=i4 222 9 41 3.0 Ng -19 lgl
1 57 2.6 No —2 305 5 Tl 7 50 3.0 No =10 152
9 41 3.0 No -19 450 7 50 3.0 No —-10 423 4 58 3.3 No —=4 177
8 44 1.7 No =11 593 6 44 1.5 No —17 450 1 57 2.6 No -2 212
T3 B = 5 54 3.2 - No - 8 600 5 54 3.2 No -8 240
STATION 4, 2ND STEP OF COOLER
8 44 1.7 No ~11 0 50 el 8 44 137 N ~11 70
9 40 3.0 No —-20 2_’4 5 44 3.2 No —18 416 5 44 3.2 Ng —18 135
3 51 4.0 No =12 456 T 5 3 51 4.0 No —~12 198
4 50 3.3 No —12 700 1 50 2.6 No - 8 305
1 51 2.6 No - 8 720 9 40 3.0 No —20 415
@ Mg, per 8q. dm. per day,

In order to determine if milk previously heated and super-
saturated with air would develop protective films, four experi-
ments were made by heating fully aérated milk quickly in a
closed coil, from which it flowed directly into a jar in which
the specimens were moved as usual at a velocity of 4.7 meters
per minute. In one of the experiments good protection was
obtained, but this could not be reproduced in the three follow-
ing experiments. Although the milk might be supersaturated
with air as it left the coil, apparently that condition was not
maintained in the milk in contact with the test specimens in
the jar.

This point was checked further by a combined plant and
laboratory experiment. The vertical-path corrosion machine
was taken to plant I where a series of tests was made, using
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milk taken from various locations in the operating equipment
directly to the jars of the corrosion machine., The results are
covered by Table VII. They showed that, if the formation of
protective films was due to the air in the milk, the favorable
condition did not persist after the milk was removed from the
closed equipment. In each case care was taken to prevent a
drop in temperature of the milk while it was being transferred
from the equipment to the corrosion machine. The only
sample which gave any protection in these tests was that taken
from the stopcock connected with the final tube of the long-

flow holding unit. It was noticed that this sample contained
a very large number of small, relatively stable air bubbles.

To demonstrate definitely that the protection afforded
nickel in heaters and the high rates of corrosion of regenerators
depended solely on the condition of the milk, the apparatus
shown in Figure 4 was constructed entirely of glass. Milk at
about 30° C. flowed through a siphon from a 2-liter storage
jar into the jacket of a Liebig condenser which served as a
regenerative cooler for the milk from the heating coils. From
the jacket the preheated milk flowed through a coil in a water
bath kept at 64° C. Test pieces were installed within the
glass tubes, as indicated in the sectional drawing, Figure 5, at
the locations shown in Figure 4. The velocity of movement
of the milk over the surface of the test pieces could be varied
by changing the diameters of the tubular metal specimens and
of the glass tubes in which they were supported, since the
milk had to flow through the annular space between the
specimens and the tube walls. In a typical run the milk
reached a temperature of 47°C. at test location 1, and
of 61° C. at location 2. The milk started to cool as soon as it
left the heating coil so that at location 3 its temperature was
58° C.; and at location 4, after the first water cooler, the
temperature dropped to 51° C. The milk was finally re-
turned to the storage jar through two more water coolers, the
last one serving as an air lift simultaneously circulating and
aérating the milk by the introduction of compressed air. The
velocity of flow of the milk could be adjusted to some extent
by regulating the amount of air and the height of the lift.

The results obtained when using this apparatus are shown
in Table VIII for nickel and Table IX for copper. The
tendency for corrosion rates to decrease with time should be
taken into consideration in comparing the results of the
various experiments. The values obtained for the corrosion
of nickel and copper at a velocity of 16 meters per minute have
been plotted in Figure 6. A comparison of these curves with
the grand average curves of all the plant tests (Figure 17)
shows a striking similarity, indicating that the apparatus
described gave a satisfactory means of duplicating plant
conditions in the laboratory. These tests showed clearly
that, wherever the milk was being heated, the nickel specimens
were protected; whereas, where the milk was cooling, the
nickel corroded at appreciable rates.
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The data of Table VIII demonstrate that the efficiency of
the protection on heating was not nearly so marked at low
rates of flow of the milk as it was at the highest velocity.
This relation is evident in the results of the plant tests in
Tables X to XV, and can be detected even in the data secured
in the rotating spindle machine and presented in Figure 2. In
that figure the difference between the dotted and the straight-
line curves is greater at the higher velocities, signifying
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relatively better protection from corrosion as the velocity
increases. The conclusion can therefore be drawn that a
high velocity of flow, or the provision of intimate contact of
the metal with the aérated milk by some other means, is
essential for complete protection of nickel in heaters.

Temperature differences in Table VIII indicate the differ-
ence between the temperatures maintained at the test stations
and the lowest (4) or highest (—) temperature reached by
the milk as it circulated through the apparatus. The magni-
tude of these temperature changes did not seem important in
determining the extent of protection of nickel. Protection
could be expected where the milk was passing though a closed
tube at an appreciable velocity so long as the temperature of
the milk was increasing or even constant. Evidently a drop
in temperature of some 6 or 7 degrees is necessary to develop
the maximum rate of corrosion of nickel by cooling milk.
Plant experience had previously shown this effect which was
now demonstrated by the laboratory tests and by plant tests
to be described. The very low corrosion rates obtained in
experiments 8 and 9 at station 4, as shown in Table VIII and
in Figure 11, might have been due to the fact that in these
experiments there was a very large temperature drop between
stations 2 and 3, and little or no drop from station 3 to 4.
Consequently the milk was not really cooling at station 4 but
was at a constant temperature with conditions possibly favor-
able to protective-film formation, especially at the highest
velocity.

The location of the points of maximum corrosion can be
expected to vary from plant to plant, according to the velocity
of the milk and the rapidity of the cooling. It is probable that
at lower velocities the temperature drop required to develop
the maximum rate of corrosion of nickel is less than at high
velocities.

Where the metal specimens were pretreated so that they
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were hotter than the milk at the time of the initial contact,
there was a decrease in the rate of corrosion in every case
at the high velocity, as is evident from Figure 6. At the
lower velocities the effect of this pretreatment was indefi-
nite.

The results of the tests on copper shown in Table IX and
Figure 6 showed that copper was not afforded any positive
protection on heating, and that the rates of corrosion were
governed by the usual factors—velocity, temperature, and
aération. As the copper showed no difference in behavior
whether it was exposed to milk being heated or to milk being
cooled, only the actual temperatures at the test pieces and not
the temperature differences were recorded in Table IX.

MzcuaNIsM oF ForMmATION OF ProreECcTIVE FIinm ON
NickeL. The mechanism of the formation of the protective
film is no more definitely known than the mechanism of
corrosion. However, it seems rather probable that protein,
because of its surface tension-lowering activity, will collect
at the gas-liquid interface (in this case at the exposed surface
of the milk) at the surface of all the air bubbles in the milk,
and possibly even at the air-coated metal wall itself.
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The heating of milk containing dissolved air causes it to
become supersaturated. Air bubbles then tend to form,
especially at the metal-liquid interface. The protein film
around the air bubbles may be rendered unstable on heating in
the same way as is known to be the case with the protein film
coating the fat globules in milk (/). At the same time it
becomes slowly “denaturated” (6) and insoluble (probably by
condensation of molecules). Any condition promoting
intimate contact between the protein-enriched interfaces

TasLe IX. Corrosion oF Corper IN FLowing MiLk
Verociry 16 M, PER Mix, Vevocrry 0.7 M. pER MIN.
e Te-
treat- Wt. § treat-  Wt.
Expt. Temp. Time ment loss  Expt. Temp. Time ment loss
° C. Hours M.d. d.° ° C. Hours M.d, d.s
STATION 1, 18T STEP OF HEATER
-+ 47 3.3 Yes 140 <& 4 i
3 49 4.5 No 144 3 49 4.0 No 41
2 47 2.6 Yes 278 2 47 2.5 Yes 96
STATION 2, IND STEP OF HEATER
3 63 4.5 No 171 365 5o e
4 62 3.3 Yes 266 4 62 3.5 Yes 136
2 62 2.5 Yes 326 2 62 2.5 Yes 126
5 STATION 3, 18T STEP OF COOLER
=3 58 4.0 No 168 3 49 4.0 No B85
4 58 3.3 Yes 192 45 Sz s
2 56 2.5 Yes 298 2 56 2.5 Yes 96
STATION 4, 2ND STEP OF COOLER :
4 51 3.3 Yes 111 4 51 3.3 Yes 57
3 51 4.0 No 162 it 5% oy
2 54 2.5 Yes 240 2 54 2.5 Yes 687
@ Mg. per sq. dm. per day.
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TasLe X. Resurts or TesTs IN Prant T
(7.6-hour run)
CorrosioN CoRrrosiox
CoRrROSION OF NICKEL CORROSION OF NICKEL- OF CHROMIUM-
Stamiox  Temp. VELOCITY Test 1 Test 2 Av. oF CoPPER  SILVER NickeL LocatioN oF TEST STATIONS
0 M./min. M.d.de M.d. d. M.d.d. M. d.d. M. d.d. M. d. d.
HEATING :
1 7 5 0 S 0 40 18 7 Line from storage to regenerator
2 9 6 30 22 26 11 31 8 Qutside 2nd tube from top regenerator
3 26 6 25 15 20 0 11 4 Outside 14th tube from top regenerator
4 49 6 0 0 0 69 0 - 0 Outside bottom tube regenerator
5 49 50 55 82 69 e AL . Line from regenerator to heater
6 50 50 89 58 73 156 110 0 In 2nd tube of heater
7 56 50 30 23 27 i o iy In 12th tube of heater
8 62 50 43 66 55 185 78 0 In 19th tube of heater
HOLDING
9 63 40 40 127 89 0 In 1st tube of holder
10 63 3 285 265 101 151 0 In last tube of holder
COOLING
11 62 50 552 o 552 210 202 0 In 1st tube of regenerator
12 58 50 1150 1090 1120 BT (S0 5 In 3rd tube of regenerator
13 55 50 1076 1095 1085 In 5th tube of regenerator
15 51 50 888 882 885 S s o In 7th tube of regenerator
16 48 50 825 i 825 81 124 9 In 9th tube of regenerator
17 45 50 747 700 724 Soh Fri o~ In 11th tube of regenerator
18 42 50 658 663 660 In 13th tube of regenerator
19 38 50 497 e 497 In 15th tube of regenerator
20 35 50 490 o 490 In 17th tube of regenerator
21 32 50 307 307 S In 19th tube of regenerator
24 17 50 195 sk 195 R S L In 29th tube of regenerator
25 15 50 370 o 370 32 37 0 Line from regenerator to cooler
26 15 6 129 132 130 40 33 Outside top tube of surface cooler
27 4 50 4 0 2 K (o Line from cooler to filling machines
4 Mg. per sq. dm. per day.
TasLe XI. Resuvts oF Tests 1N Prant 11
(7.5-hour run)
CorrosioN CoRROSION
CorrosioN or NICKEL Corros1ON OF NICKEL- OF CHROMIUM-
BTATION TEMP. VELocITY Test 1 Test 2 Av. oF CoPPER SILVER NicKEL LocaTioN oF TEST STATIONS
2.C: M./min. M.d.da M. d. d. M. d.d. M. d. d. M. d.d. M. d. d.
HEATING
1 4 75 0 0 48 18 0 In line from storage tank to heater
2 7 75 2 2 55 17 0 In 2nd tube of heater
3 20 75 2 2 52 45 0 In 18th tube of heater
4 37 75 0 0 0 T G e In 24th tube of heater
5 60 75 0 < 0 130 11 0 In 38th tube of heater
6 63 75 0 5 0 142 49 0 In line from heater to filters
HOLDING
7 62 Low 97 505 97 106 150 0 In holding tank
8 62 Low 97 56 76 55 e G In holding tank
COOLING
9 61 75 328 5250 328 238 395 0 In line from holders to coolers
10 57 32 379 e 379 225 404 0 In 2nd tube of cooler
11 52 32 610 721 666 i S8 S In 6th tube of cooler
12 43 32 426 474 450 s o 03 In 12th tube of cooler
13 35 32 119 e 119 60 48 0 In 18th tube of cooler
14 18 32 19 26 22 S5y o s In 31st tube of cooler
15 4 75 4 GG 4 42 17 0 In line from coolers to fillers

a Mg. per 8q. (im. per day.

and the metal will presumably favor the formation of protec-
tive films.

After the milk has reached the holding stage and no further
rise in temperature occurs, the protein film at the air-milk
interfaces starts to become stabilized. This process is not
ordinarily completed during the holding period, and conse-
quently some protection can take place even in the first stages
of the cooling process. When the milk is cooling down, the
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tendency will be for the air to redissolve in the milk and for
the metal walls to be perfectly wetted by the milk. No new
air bubbles will form, and the old ones will contract and be-
come stabilized so that corrosion may proceed unhindered.

In addition to the collection and denaturation of protein
at the air-liquid interfaces, the formation of a protective film
depends, of course, upon a high specific adsorption of protein
or denaturated protein by nickel. Otherwise, it would be
expected that copper, for example, would receive exactly the
same protection. This the laboratory and plant tests show
definitely not to be the case.

Pranxt CorrosioN TESTS

There is a considerable variation from plant to plant in the
types and layout of equipment used for pasteurizing milk.
This will be evident upon inspection of the flow sheets for six
different plants shown in Figures 7 to 12. Of course, the
condition of the milk, as it affects corrosion, varies markedly
from plant to plant, owing especially to effects of the design
and operating characteristics of the equipment on the tempera-
ture, degree of aération, and velocity of the milk. The
approximate velocities and temperatures at the various
points in each plant have been listed in Tables X to XV.
Since milk entering a plant is usually well aérated, the degree
of aération can be estimated at different stages of the pasteur-
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TasrLe XII. Resurts oF Tests 1N Prant I11
(7.6-hour run)
. CoRrRros1ON
. or Curo-
Corrosion or NICKEL CorrosionN or CoPreR MIUM- 2
StamioN Temp. Verocity Pieces  Min. ax. v. Pieces Min, Tax, Av. NickerL  LocatioN or Test StaTIONS
CI{as; M./min. M.d.d% M.d.d. M. d.d. M.d.d. M.d.d. M.d.d M.dd
HEATING
1 6-14 32 1 7 o 7 1 22 e 22 5 In raw milk line
2 8-15 32 3 5 21 13 2 62 85 73 10 Inside regenerator tube 1
3 15 32 2 5 7 6 1 79 g 79 = Inside regenerator tube 8
4 22 32 2 0 86 28 2 40 74 57 7 Inside regenerator tube 15
5 28 32 2 17 34 25 1 83 o 83 = Inside regenerator tube 20
6 35 32 3 5 37 24 4 52 77 62 4 Inside regenerator tube 26
7 49 32 7 8 16 11 3 20 115 105 8 Inside regenerator tube 38
8 48 32 1 49 503 49 2 91 95 93 8 In line to heater
9 62 32 1 114 114 1 174 e 174 11 In line to holder
HOLDING
10 63 Low 3 30 51 37 1 42 42 5 In holding tank
COOLING
11 62 32 3 634 663 649 3 183 199 191 7 In line to regenerator
12 61 80 3 640 717 660 3 212 222 217 9 In line to regenerator
13 60 6 4 592 886 751 7 159 190 168 7 Qutside regenerator tube 38
14 50 6 56 ets i A 2 113 120 116 Outside regenerator tube 32
15 40 6 4 482 785 604 7 74 83 78 Outside regenerator tube 26
16 33 6 o S P38 o 2 58 86 72 Outside regenerator tube 20
17 27 6 B A A 8 33 49 41 Outside regenerator tube 14
18 20 6 e S g 2 23 30 26 Qutside regenerator tube 8
19 13 6 25 TA 13 5 17 21 20 OQutside surface cooler top tube
20 8 6 = 5 ks Ve 4 13 18 16 2 Outside surface cooler middle
21 3 32 3 3 11 7 6 15 37 24 13 Inside line to filling machine
@ Mg. per sq. dm. per day.
TasLe XIII. Resurrs or Tests 1N PLAnt IV
(7.5-hour run)
CORROSION OF
CorrosioN oF NICKEL Corrosion  CHROMIUM-
STATION TEMP. VELOCITY Test 1 Test 2 Av. or CorPER  NICKEL-IRON LocaTioN oF TEST STATIONS
S 0 M./min. M.d. ds M. d.d. M. d. d. M. d.d. M.d.d.
HEATING
1 5 67 14 21 17 30 In line from clarifier to heater
2 83 ? 0 0 0 70 In trough underneath surface heater
3 62 70 0 15 8 61 In line from heater to holder
HOLDING
4 62 Low 50 70 60 70 0 In holder
COOLING
5 61 Low 425 i 425 140 0 In equalizing tank after holder
(] 60 70 364 370 367 203 i In line from equalizing tank to cooler
7 59 ? 302 314 308 184 In trough over surface cooler
8 4 67 4 44 24 18 In line from surface cooler to fillers

¢ Mg. per 8q. dm. per day.

izing process by considering the opportunity presented for air
to leave the milk as it is heated and to redissolve in milk as it
is cooled. Surface heaters and open holders, of course, favor
loss of dissolved air on heating; closed heaters and holders
favor retention of air; and combinations of such equip-
ment give intermediate degrees of aération of the cooling
milk. Plant I is a typical example of a closed system
where the degree of aération is high; plant IV of an open
system where the degree of aération is low; and plant VI,
with a closed heater and open holders, of a system where
an intermediate degree of aération can be expected. Simi-
larly, surface coolers favor more rapid solution of air than
closed coolers.

During the progress of this work, a large number of plant
tests were run to determine the rates of corrosion of different
metals in the plants, to check the results of the laboratory
work, and to investigate conflicting reports on the behavior of
the metals in service.

Cleaned and weighed samples of the various metals were
exposed to milk within the operating equipment during
regular runs in six plants.

The metal specimens were supported and insulated from
each other and from the equipment by the holder illustrated in
Figure 13, which accommodated four U-shaped specimens
about 7 by 1.25 cm., the area of each being 0.17 sq. dm. The
collar-shaped specimens were formed by rolling up metal strip
of the proper size. The outside of the collars, in contact with
the tube walls, was covered with an insulating lacquer baked
on to provide the necessary electrical insulation and to confine
corrosion to the inner surface of the specimens. In certain

cases the lacquer insulation was supplemented by the use of
Bakelite cloth or Cellophane between the specimens and the
tube walls. These collars were 5 em. long and had an exposed
area of about 0.75 sq. dm. They were purposely rolled up
slightly oversize so that they could be held in place by the
glight spring action.
The bent specimens
for use on the outside
of tubes were simply
rolled up so as to fit
snugly. They were in-
sulated from the equip-
ment by the use of
lacquer and other mate-
rials. They were 8.25 by
6 cm., and had an ex-
posed area of 0.5 sq. dm.

The results obtained
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Resurts oF TEsTs IN Prant V

(5.25-hour run)

CornrosioN or NICKEL

CorrostoN or COPPER

StatioNn TeEmp, VevLociry Test 1 Test 2 Av. Test 1 Test 2 Av. LocaTioN oF TEST STATIONS
bl oy M./min. M.d.d* M,d.d. M.d.d. M.d.d. M.d.d. M.d.d.
HEATING
1 6 60 13 16 14 56 56 In raw milk line from storage tank to regenerative heater '
2 48 60 13 15 14 90 90 In line from regenerator to heater
g 50 80 20 34 27 111 111 In 1st tube of heater
4 63 60 12 17 15 205 it 205 In last tube of heater
HOLDING
5 82 Low 86 92 89 64 102 83 In holding tank
5 682 Low 73 86 79 96 102 99 In holding tank
COOLING
6 61 60 018 958 938 201 Ay 201 In line from equalizing tank to regenerator
7 80 6 790 o 790 207 211 209 Outside top tube of regenerator
8 38 6 468 (SR 468 45 95 70 QOutside 13th tube from top of regenerator
9 18 30 332 470 401 56 S 56 In line from regenerator to surface cooler
10 18 6 185 o 185 26 27 27 Qutside top tube of surface cooler
11 13 6 e S 14 it 14 Outside 9th tube from top of surface cooler
12 7 6 24 24 Outside 17th tube from top of surface cooler
a Mg. per sq. dm. per day.
Tasre XV. Resurts oF Tests IN Prant VI
(4.8-hour run)
CORROSION OF
CorrosioN or CHROMIUM-
CorrosioN oF NICKEL Corrosion CHROMIUM- NICKEL- LocaTioN oF TEsT
StaTion  TEMmre. VELOCITY Pieces Min. ax. Av. or COPPER NickEL IroN STATIONS
% C\ M./min. M.d.de* M. d.d. M. d. d. M. d. d. M.d.d. M.d.d.
HEATING
1 49 43 4 132 178 155 73 8 Inside heater tube 1
2 54 43 2 15 2 29 121 3 Inside heater tube 10
3 682 43 4 56 110 81 141 5 Inside heater tube 20
HOLDING
4 63 Low 4 194 250 214 90 2 Inside holding tank
COOLING
5 62 Low 2 99 134 117 s N 0 Inside equalizing tank
6 59 34 4 450 508 477 115 0 8 Inside regenerator tube 2
8 56 34 2 513 534 523 M i 19 Inside regenerator tube 4
9 53 34 2 550 558 554 96 18 3 Inside regenerator tube 6
11 47 34 2 472 473 473 78 0 Inside regenerator tube 10
13 43 34 3 427 458 447 P S % Inside regenerator tube 12
15 34 34 2 426 431 428 S 0 11 Inside regenerator tube 18
19 16 34 2 226 240 233 31 23 o Inside cooler tube 2
21 13 34 2 118 123 120 e e a0k Inside cooler tube 6
22 10 34 1 82 50 82 23 27 6 Inside cooler tube 10

4 Mg, per &q. dm. per day.

 station numbers referred to in the tables are indicated on
the flow sheets by numbers inside circles designating the
locations of the test specimens.

The graph in Figure 14 covers the results obtained with
nickel. A marked difference will be noted between the
corrosion rates obtained in the cooling part of the process
and those associated with similar temperatures on the heating
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Ficure 13. METHODS OF SUPPORTING SPECIMENS IN
TEsTS

side. The reason for this, particularly the effect of films in
protecting nickel from corrosion in heaters, has already been
discussed in detail. The rates of corrosion of nickel during
the heating and holding steps of the pasteurizing process fell

within & narrow range in all the plants. In the cooling proc-
esses, however, a much wider spread was observed, owing
chiefly to differences in aération and velocity from plant to
plant.

For instance, the corrosion rate of 1120 mg. per square
decimeter per day in the third tube of the regenerator in
plant I (milk at 58° C., velocity of flow 50 meters per minute)
could be compared with the rate of 367 mg. per square deci-
meter per day in the inlet to the surface cooler in plant IV
(milk at 60° C., velocity of flow 70 meters per minute). The
probable reason for the much higher corrosion rate in plant I,
in spite of the lower velocity and temperature, is that in
plant I the milk was pasteurized, using closed heaters and
holders; and therefore there was no chance for dissolved air
to leave the milk as the temperature was raised. As a result
the milk entering the regenerator was supersaturated with
air, since it contained the concentration of dissolved air
soluble in milk at the temperature at which it entered the
heaters. In plant IV all the equipment was open to the air,
and the concentration of dissolved air at the entrance to the
coolers was no greater than that normally dissolved in milk
at the pasteurizing temperature. While it is possible that
the maximum rate of corrosion in plant IV was not reached at
the temperature at which the test was made, it is not at all
likely that the maximum rate approached the high rates found
in plant I.

The laboratory and plant tests which have been described
demonstrated certain general principles, the proper applica-
tion of which will serve to explain 'differences in corrosion
rates from plant to plant or at different points in any one
plant.
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The following factors were found to favor high rates of
corrosion of nickel in the cooling process:

High temperature.

High rates of flow.

A %igh degree of aération or supersaturation with air, such as
oceurs with closed heating and holding equipment.

A short pasteurizing run. Since the rate of corrosion of
nickel was found to decrease with time, the rate of corrosion
measured over a 5-hour period would be greater than that
measured over an 8-hour period.

Similarly, in the heating process the factors conducive to
the formation of protective films and hence to low corrosion
rates of nickel were found to be:

Increase in temperature of milk or maintenance of a steady
temperature.
igh rates of flow.
Complete aération or supersaturation of the milk.

An examination of Figure 15, covering the rates of corrosion
of copper in the several plants, will show that, while there was
some variation in rates from plant to plant and between the
heating and cooling processes, there was no tendency for the
copper to be protected on the heating side. The governing
factors in the corrosion of copper werefound to be temperature,
velocity of flow, and degree of aération. A consideration
of these factors will indicate the probable reasons for the
variations in corrosion rates determined.

The rates of corrosion of nickel-silver in plants I and II
are shown in Figure 16. There was some tendency for nickel-
silver to be protected on the heating side. This protection
was not as positive as with nickel, so that the corrosion of
nickel-silver in heaters and holders was apt to vary widely
owing to slight changes in operating conditions. On the
cooling side, nickel-silver behaved normally, in that the rate
of corrosion was a function of the temperature, velocity, and
degree of aération of the milk. The higher corrosion rates
obtained in plant IT were probably due to the greater velocity
at the points of test—75 meters per minute as compared with
50 meters per minute in plant I.

To facilitate comparison of the various metals, the graph
shown in Figure 17 was prepared. The points plotted were
the grand averages of the corrosion rates of each metal in the
different temperature ranges in all plants. In selecting
figures for the grand average, only those corrosion rates

INDUSTRIAL AND ENGINEERING CHEMISTRY

349

Lestmn
3 Fravrr
Peanr X ————--
(LN T o et
Larw —-—
2| Favry —--—
PLANTR —=- —

¥

q Ont. ek DAy

Corrosion Kare [v Me Per S
R N
o~ S
o
SRt
== O A

-~
S

~
Q
N

A\

s

\

\
2
\

S

9 ‘
254l d
ol .z e N\ N
o s S i X
TN AN } ® 1 Do,

O
S e g A T

g e 56 D SSIN

s G o
g2
ST
0 N0 N W N L 6 X K IO D
+—HeATine ~TEmpPerATURE D26 C Cootive —

Ficure 15. Resvvrs oF Prant TEsts on CoPPER

N

&

0 0

determined in milk flowing at a reasonably high velocity were
used; furthermore, in order to avoid giving too much weight
to those plants in which a large number of tests were made, an
average figure for each plant was determined in each tempera-
ture range and these average figures used in making up the
grand average.

These grand average curves demonstrate quite clearly
the fundamental differences in the behavior of the various
metals. It should be noted especially that the maximum rate
of corrosion of nickel did not oceur at the highest temperature
on cooling and was not developed until the milk had cooled
from 5 to 10 degrees below the holding temperature. This
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fact was in accord with plant experience which, for example,
had shown that the maximum rate of corrosion of a nickel
regenerator was found in the middle of the bottom section,
whereas the first tube in the regenerator and the tube from
the holder to the regenerator suffered relatively less corrosion.

The similarity of the curves for copper on heating and cool-
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ing was in striking contrast to the wide difference in the corre-
sponding curves for nickel.
In keeping with its nickel-copper content, nickel-silver
seemed to behave to some extent like each of its constituents.
The chromium-nickel alloy was apparently insensitive to
the conditions of exposure to milk associated with pasteurizing
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processes. Most of the weight losses determined were within,
or very close to, the experimental error. In these respects
this alloy behaved like the chromium-nickel-iron which was
tested. This chromium-nickel-iron alloy was included in
only a limited number of tests because previous experience
had shown it to be insensitive to pasteurizing conditions.

The grand average curves may be used to estimate the
probable rates of corrosion of the metals tested at any point in
a pasteurizing plant. The accuracy of the estimate will de-
pend upon the consideration given the controlling factors as
outlined above in modifying the data obtained from the curves
to fit the plant or equipment being studied.

CONCLUSIONS

- 1. Nickel is suitable for equipment used in transportation
and storage of milk at ordinary temperatures, heating milk to
the pasteurizing temperature and holding it at that tempera-
ture, and cooling milk from 18° C. and handling it below that
temperature.

2. The low rates of corrosion of nickel by milk under
heater conditions are due to the formation of protective films
favored by air supersaturation and high velocity.
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3. In the absence of protective films, the rates of corrosion
of nickel and other metals depend on the usual factors—aéra-
tion, temperature, and velocity.

4. Nickel should not be used in contact with milk cooling
in the range from 63° to 18° C.

5. 'The addition of sufficient chromium to nickel produces
positive protection from corrosion by sweet milk under: all
conditions, and the chromium-nickel alloy containing 12-15
per cent chromium is suitable for all types of pasteurizing
equipment.

6. The limited number of tests made on the 18-8 chro-
mium-nickel-iron alloy indicated that it also would be generally
suitable.

7. Bare copper and nickel-silver should be used with
caution in the final stages of heating milk and the initial stages
of cooling milk.

The above conclusions are based only on the suitability of
the metals in so far as their resistance to corrosion by milk is
concerned. This factor is only one of several which must be
taken into consideration in selecting a metal for any particular
piece of pasteurizing equipment. Such other factors are:
cost; availability in the necessary forms; suitable mechanical
properties; amenability to fabrication and the making of
common types of joints; the serviceability of joints; effects
on the flavor and keeping quality of milk; and resistance to
corrosion by cooling media, cleansing, and sterilizing agents.
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Process Gives Sorr METALS STRENGTH OF STEEL. At the
meeting of the American Institute of Mining and Metallurgical
Engineers recently held in New York City, Paul D. Merica
stated that many metals and alloys hitherto mechanically in-
ferior to steel may be brought to the standard of steel, as far as
mechanical properties are concerned, because of the development
within the past decade of the age-hardening process. Until re-
cently steel has been practically the only metal capable of hard-
ening and strengthening by heat treatment. Now all of the
common metals may be so alloyed. Copper-nickel alloys, for in-

stance, may be heat-treated to exhibit tensile strength of 175,000
ounds per square inch. After certain heat treatment, Doctor
Terica explained, these alloys harden as they grow older, some-

times at room temperature and sometimes at higher tempera-
tures. A single day is often sufficient to bring about the de-
sired changes in the mechanical properties, although slight changes
may continue for a month. Doctor Merica predicted that the
next ten years will undoubtedly witness a substantial realization
of the promise contained in the development of the hardening
process.



Vitamin C Content of Orange-Crush
Beverage

Erizasera M. Kocu anp F. C. Kocu
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drinks is resulting in the consumption in this form of

considerable amounts of fruit, especially of the citrus
variety. The peculiar advantages of these fruits as sources
of vitamins make it important to know whether the processes
of preparation, mixing, and storage are such as to retain in the
finished product all of the original vitamin potency of the fresh
juice. This investigation of Orange Crush is reported as a
contribution to these questions.

In the preparation of Orange Crush, freshly gathered
oranges are used. They are subjected to such pressure that a
thick mixture of the pulp and some of the skin is forced out
with the juice. To this mixture of juice and pulp are added
sugar, lemon citric acid, small amounts of preservative, and a
color, consisting of a mixture of Sunset Yellow F. C. F. and
No. 150 (85) Orange I. The resulting Crush sirup is stored
in bulk at refrigerator temperature until it is to be diluted for
the finished drink. Carbonated or plain tap water is used for
the final dilution. Itisadded to the sirup by the retail dealer,
who is instructed to prepare not more than a week’s supply at
one time.

The following materials, freshly prepared from one lot of
oranges, were supplied:

r I YHE increasing popularity of commercial fruit-juice

1. Orange juice, unstrained, pressed from freshly gathered
oranges.

2. Crush sirup, made from 1 by the addition of sugar, lemon
citric acid, and small amounts of sodium benzoate and color.

3. Bottled Orange Crush, prepared by dilution of the sirup
with carbonated tap water.

4. Bottled carbonated tap water and distilled water.

The antiscorbutic potency of these orange preparations
was compared with equivalent amounts of the juice of some
of these same oranges expressed daily.

EXPERIMENTAL PROCEDURE

The diet first used, consisting of oatmeal, autoclaved hay,
and 20 cc. of whole milk daily, was one previously employed
in this laboratory. Preliminary feeding experiments were run
to determine how much of the Crush sirup and dilute Orange
Crush the guinea pigs could be induced to consume. It wasa
simple matter to give the orange juice, unstrained, in 5-ce.
amounts mixed with the liquid milk, but the Crush sirup with
the added citric acid curdled the milk, making a thick mixture
which was left almost untouched. Of the dilute Orange Crush,
pigs weighing 300 to 350 grams took readily 21 cc., the equiva-
lent of 1 cec. of original orange juice unstrained. Some of
the pigs would drink as much as 30 to 40 cc., but these results
could not be relied upon for all of the experimental animals.

In view of these preliminary findings, it was obvious that
the total volume of liquid must be kept within 20 to 25 cc.
Dried whole milk was therefore substituted for the liquid milk
and mixed thoroughly with the oatmeal. The various orange-
juice preparations were diluted with water to the desired
volume—21 cc. total. Seven groups of four pigs each were
given daily the following preparations: 1 and 2 ce. of freshly

351

expressed orange juice; 1 and 2 cc. of the prepared orange
juice, unstrained; 1.7 and 3.4 ce. of the Crush sirup (the
equivalents of 1 and 2 cc. of the orange juice, unstrained, from
which the sirup was made); and 21 cc. of the bottled Orange
Crush the equivalent of 1 cc. of orange juice, unstrained, or of
1.7 cc. of Crush sirup.

Another group was given the straight scorbutic diet with
water only. Each dosage was diluted to 21 cc. before feeding.
The diluted fruit juice was ordinarily consumed within 4 to 5
hours after feeding. After the consumption of the diluted
juice, fresh water was placed in the cage.

Three months later these experiments were repeated to
ascertain what loss of vitamin C had occurred during storage
of the fruit and juice preparations at refrigerator temperature.
A portion of the orange juice, unstrained, was also frozen
within 48 hours after it was expressed and kept in that
condition for three months.

REesvuurs

Some of the pigs which developed acute scurvy were killed
on the twenty-eighth day of the experimental period. Others
were permitted to live until death occurred some time be-
tween the twenty-eighth and the forty-eighth days. The
animals which lived beyond 36 days were receiving small
amounts of vitamin C. The pigs to which orange juice,
unstrained, and Crush sirup were administered, were killed at
intervals between the twenty-eighth and the forty-eighth
days. The usual autopsy findings were supplemented by
histological examination of the teeth. In the first series of
experiments it was observed that, by both methods of measur-
ing antiscorbutic potency, the feeding of amounts of Crush
sirup equivalent to 1 and 2 ce. of orange juice, unstrained,
daily (i.e., 1.7 and 3.4 cc., respectively, of the Crush sirup
stored in the refrigerator) gave results which were as good or
even slightly better than those obtained by feeding 1 and 2 cc.
of freshly expressed orange juice. It was surprising then to
find that the orange juice, unstrained, from which the crush
sirup was made was much less efficacious. Animals receiving
as much as 5 cc. of orange juice, unstrained, daily were
distinctly scorbutic. In 2-cc. daily dosages the degree of
prevention was so slight that it could be detected only by
histological examination of the teeth.

The repetition of these tests 3 months later with oranges,
with orange juice, unstrained, and with Crush sirup which had
been stored at refrigerator temperature during that period,
gave further confirmation of the early results. The oranges
and the Crush sirup showed no detectable loss of their vitamin
C potencies so far as could be determined by tooth histology.
The orange juice unstrained, on the other hand, showed no
antiscorbutic action in the dosages fed. The same loss of
antiscorbutic potency was observed in the orange juice,
unstrained, which had been frozen within 48 hours after it was
expressed and kept in that condition for 3 months.

In view of these observations with orange juice, unstrained,
it was not surprising to find that the diluted Orange Crush
which was bottled and stored in the refrigerator for 50 days
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before the close of the experiment, showed no detectable
antiscorbutic potency in the dosage fed. The pigs in this
group were all dead of scurvy by the thirty-ninth day of the
experimental diet. Whereas this is a few days beyond the life
period of the control scurvy animals, the tooth histology
showed no evidence of prevention.

These results demonstrated first that the fruit itself stored
at refrigerator temperature retains its vitamin C content at
least for 3 months; second, that the orange juice, unstrained,
expressed from these oranges, loses its antiscorbutic potency
so rapidly that a test which extends over 4 weeks demonstrates
that loss, and that at the end of 3 months the destruction
appears to be practically complete; third, that a heavy
Crush sirup made from this orange juice, unstrained, by
adding sugar and preservative and acidifying with lemon
citric acid retains the original vitamin C as satisfactorily as
does the fruit itself during refrigerator storage for 3 months;
and fourth, that this Crush sirup, when diluted to twelve
volumes with carbonated water again loses its antiscorbutic
action so rapidly that storage in that condition for 4 to 5 weeks
is not feasible.

Since it is in this final diluted form that Orange Crush is
dispensed to the public, it is highly important to know the
rate of destruction of vitamin C under these conditions.
The retailer is required to dilute and bottle Orange Crush
weekly, Ten to fourteen days should, therefore, be the
maximum lapse of time between dilution and consumption of
this product. A final set of experiments was run in which one
group of pigs was given 1 cc. of orange juice, equivalent per
pig of a new supply of freshly prepared Crush sirup diluted
daily. Another group of animals was given the same amount
of Crush sirup which had been diluted, bottled, and allowed
to stand in the refrigerator 10 days before feeding. A control
seurvy group was run parallel to these. By the thirty-fifth
day one of the scurvy pigs was dead. The other had lost 135
grams in weight and had swollen tender joints, red gums, and
loose yellow teeth. The autopsy findings were those of
advanced scurvy. The pigs in the other two groups were
either holding their maximum weight or gaining slowly. They
were fairly strong and active, and their fur was smooth and
well-kept. The autopsy findings were those of mild scurvy.
The antiscorbutic potency of this sample of Crush sirup was
undoubtedly higher than that of the original lot supplied for
the . earlier experiments reported above. The important
consideration in this experiment, however, was that the 10-day
storage pericd at refrigerator temperature did not produce
sufficient deterioration of the antiscorbutic potency to be
detected by such biological tests. It must be borne in mind,
nevertheless, that in making this dilution there was a mini-
mum of exposure to air and room temperature.

These observations tend to the conclusion that the preserva—
tion of antiscorbutic activity in the Crush sirup is due to the
high acidity and possibly to the sugar content, and that the
loss of potency following dilution is the result of decreased
protective action and takes place gradually. It may be that
traces of chlorine or other constituents of tap water have slight
destructive action. These factors appear to be insignificant,
however, for it apparently makes no difference whether the
dilution is made with ordinary tap water, carbonated water, or
carbonated distilled water. Removel of carbon dioxide from
the diluted sirup by suction was of no significance.

Since the orange juice, unstrained, from which the Crush
sirup is prepared contains appreciable amounts of pulp and
skin as compared with the hand-expressed orange juice, it
seemed logical to expect somewhat less vitamin C potency in
the Crush sirup than in the freshly expressed juice. This was
not the case however; in fact, the difference, if any, was in
favor of the Crush sirup. This result raised the question of
whether the added ecitric acid, which is prepared from lemons,
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does not carry some vitamin C. Samples of citric acid
prepared from lemons and also by fermentation were secured
and added to a sugar solution so that 20 cc., the daily intake,
contained 0.2 gram of acid. This amount was four times the
intake of citric acid when 1.7 ce. of Crush sirup were ad-
ministered. However, in neither case did the citric acid
solution have the slightest effect in delaying the onset of
acute scurvy. Obviously then, the vitamin C of the Crush
sirup is derived entirely from the orange juice, unstrained, and
probably is preserved by the addition of citric acid, or in part,
perhaps, by the high sugar content. In 3 months there was
no apparent loss of this potency unless the Crush sirup was
diluted again to a low acidity.

CONCLUSIONS

Experiments conducted to determine whether the com-
mercial orange-juice drink called Orange Crush retains the
vitamin C originally present in the fruit have resulted in the
following conclusions:

1. The orange juice, unstrained, commercially expressed
from freshly gathered oranges was as potent in vitamin C as
ordinary hand-expressed juice.

2. When stored either frozen or at refrigerator temperature
in this form, it lost that potency so rapidly that the loss was
marked during a 4-week test period, and practically complete
at the end of 3 months.

3. When this orange juice, unstrained, was diluted to 1.7
times its volume of Crush sirup by the addition of sugar,
lemon citric acid, and a small amount of preservative and
coloring, it retained the original vitamin C practically un-
diminished for a period of 3 months.

4, The antiscorbutic potency of the Crush Sirup was not a
result of any vitamin having been added with the citric acid.
The vitamin of the original juice appecared to be preserved by
the high acidity and possibly high sugar content of the sirup.
The preservative action of the acid sirup is of academic and
commercial interest.

5. When the final beverage, Orange Crush, was prepared
commercially from the crush sirup by diluting 12.3 times with
carbonated water, the resulting product gradually lost its
vitamin C potency.

6. When the same dilution was made in the laboratory
with a minimum opportunity for exposure to air and room
temperature, and the diluted bottled product was stored in
the refrigerator 10 days before feeding, there was no detect-
able loss of antiscorbutic potency.

7. The results show that if the final dilution of Crush
sirup is done in accordance with the precautions stipulated by
the company and dispensed within 10 days, the final bottled
Orange Crush retains essentially the original vitamin C
activity; thatis, it contains the vitamin C from 1 ce. of orange
juice per 21 cc. of Orange Crush. It appears, therefore,
that a maximum interval of 10 to 14 days between dilution and
consumption of the finished product assures the presence of
antiscorbutic potency in Orange Crush as it is dispensed to
the public.
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Comparatwe Study of Juices from Frozen
Fruits

T. A. PickerT, Georgia Experiment Station, Experiment, Ga.

controversy concerning the optimum temperatures at

which to freeze and store foodstuffs. Some data have
already been obtained on fruits, using organoleptic tests.
These tests, however, are subject to great individual differ-
ences, and it is desirable to have data not influenced by these
variations.

The fruits used in this work were blackberries, cherries,
dewberries, peaches, pears, plums, raspberries, and straw-
berries. One principal variety of each fruit was used, except
for peaches where several varieties were used. Altogether,
eight different fruits and twelve varieties of these fruits were
used.

After the fruit was picked, it was sorted very carefully and
as quickly as possible put into quart paper-board containers.
The peaches were stored both whole and cut into slices. The
other fruits were stored whole. Nothing else was added to
any of the containers.

D URING the last few years there has been a great deal of

MEzTHOD OF FREEZING AND TESTING

One sample of each fruit was tested immediately, and the
other samples were divided into two groups. Some samples
were put into a room at +10° F. (—12.2° C.) and thus were
slow-frozen; the others were subjected to contact with either
carbon dioxide snow or small fragments of carbon dioxide ice.
These last samples were considered to be quick-frozen at
approximately —100° F. (—73.3° C.). After they had been
in contact with the solid carbon dioxide for 24 hours, one
sample was tested and the others were placed at +10° F
(—12.2° C.) until they were examined.

70
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Ficure 1.

The fruits were taken out of the refrigerator room at
intervals, and the juices expressed by the use of a hydraulic
press. A pressure of 10,000 pounds per square inch (703 kg.
per sq. cm.) was used. The juices were centrifuged to remove
any solid materials that might come through the pressing
cloths. The freezing-point depression, conductivity, and
total solids were determined on some of the juices, and the
hydrogen-ion concentration and titratable acidity were run
on all of them. Total solids were determined by the Abbé
refractometer, using the sugar scale. The hydrogen-ion
concentrations and titratable acidities were obtained by using
a hydrogen electrode against a saturated potassium chloride—
calomel cell. The titratable acidities are tabulated in terms
of cubic centimeters of 0.1 N sodium hydroxide per 100 cc. of
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juice. The end point is pH 8.3, approximately the turning
pomt of phenolphthalem

 ErrecT oF FREEZING AND STORING PERIOD

The total solids and conductivities of the juices do not show
very important differences among the samples. Some results
(typical of many others) for the freezing-point depressions,
hydrogen—lon concentrations, and titratable acidities are
shown in Table I.

Tasre I. Resurts or Tests on Frurr Juices

0.1 N

NaOH Freez-
10 BRING ING-
100 ce, Point
oF Juice Dg-

LENGTH oF
STORAGE In-

TEMP. AT 10° F. r1r1ar 10 PH PrEs-
Fruir FRrozeEN (=12.2° C.,) rH 8.3 SION
SR (2200) Ce, 20
Strawberries A e Fresh 3.50 190 0.65
+ 10 —12.23 1 day 3.36 202 0.77
+ 10 (—12.2) 1 month 3.35 210 0.84
+ 10 (—12.2) 4 months 3.35 236 0.85
* —100 (=73.3) 1 day® 3.38 182 0.71
—100 §—73.3) 1 month 3.35 190 0.78
—100 (—=73.3) 4 months 3.35 216 0.80
Red raspberries AT S Fresh 3.35 208 1.00
+ 10 (—12 2; 1 day 3.30 234 1.16
+ 10 (—12.2) 1 month 3.40 256 1.19
—100 5—73.3) 1 day® 3.40 216 1.12
—100 (—73.3) 1 month 3.40 226 1.15
Dewberries A RS Fresh 3.16 269 A
+ 10 (—12.2) 1 day 3.156 302
+ 10 (=12.2) 1 month 3.15 326
—~100 (—73.3) 1 day? 3.23 275
—100 (~73.3) 1 month 3.40 206
Plums S oy Fresh 3.19 266
+ 10 (—12.2? 1 day 3.16 282
4+ 10 (—12.2) 1 month 3.10 300
—100 (=73.3) 1 day® 3.05 273
—100 (—=73.3) 1 month 3.16 202
Cherries e Fresh 3.35 260
+ 10 (—12.2) 1 week 3.41 268
+ 10 —12.2; 2 weeks 3.40 276
+ 10 (—12.2) 1 month 3.40 296
Mayflower peaches eseataay Fresh 4.19 78
4+ 10 (—12.2) 1 day 4.13 80
4+ 10 (—-12.2) 2 weeks 4.10 86
-+ 10 5—12.2) 1 month 4.00 88
: 4+ 10 (—12.2) 3 months 3.97 92
Early Rose peaches e Fresh 4.28 99
+ 10 (—12.2) 1 day 4.15 108
+ 10 (—=12.2) 2 weeks 4.10 112
—100 (—~73.3) 1 day® 4.10 98
—100 (—73.3) 2 weeks 3.95 100
Elberta peaches i i Fresh 3.76 82
+ 10 (—12.2) 1 week 3.95 96
+ 10 (=12.2) 1 month 3.78 96
—=100 (—=73.3) 1 week 3.80 92
—100 (—=73.3) 1 month 3.75 104
Blackberries 5s Fresh 3.22 230
T 10 12.2) 1 day 3.156 242
4 10 (—12.2) 1 month 3.20 250
—100 (~73.3) 1 day® 3.26 235
—100 (—73.3) 1 month 3.40 244

a Stored at —100° F. ( =73.3° C.).

According to Nelson (I) in 1925, the acids of the red
raspberry are mixtures of approximately 97 per cent citric acid
and 3 per cent malic acid. The titration curves (Figure 1) for
the juices from the fresh raspberry, raspberry frozen at
+10° F. (—12.2° C.), and raspberry frozen at —100° F.
(—73.3° C.) are similar to one another, and also to the curves
of citric and malic acids. Thisindicates that the same type of
acid is present in all of the juices, and therefore the gains in
titratable acidity appear to be due, probably, to an increase in
concentration of those particular acids present in the fresh
berry—namely, citric and malic. Similar results were ob-
tained with other fruit juices.
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Discussion

The juices (frozen and tested immediately) from black-
berries, cherries, dewberries, peaches, pears, plums, raspberries,
and strawberries have a greater titratable acidity than juices
from the fresh fruits. These differences appear to be due to a
breaking down or increased permeability of the cells upon
freezing, so that a more complete extraction takes place.

The juices from these fruits increase in titratable acidity as
the length of storage at +10° F. (—12.2° C.) increases. This
increase is due to some extent to dehydration of the fruit.
Available data show, however, that dehydration is not

sufficient to account for the entire increase in titratable -

acidity.

The juices of the fruits frozen and stored at +-10° F
(—12.2° C.) have a greater titratable acidity than those
frozen at —100° F. (—73.3° C.) and stored at +10° F.
(—12.2° C.). This indicates that the juices of the fruits
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frozen at the lower temperature are more nearly like the
fresh juices in titratable acidity than those frozen at the higher
temperature.

The results from the freezing-point depressions for the
juices studied—strawberries and raspberries—are similar to
the results from the titratable acidities, in that the juices from
the fruits frozen at the lower temperature are more like the
fresh ones in freezing-point depressions than those frozen at
a higher temperature.

The increases in acidity of the juices of the fruits upon
freezing and storage are due to a concentration of the same
type of acids present in thefresh<juices.

LiterATURE CITED
(1) Nelson, E. K., J. Am. Chem. Soc., 47, 1177 (1925).
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Our Foreign Trade in Chemicals in 1931

Orro WiLson, National Press Club, Washington, D. C.

full year of depression had served as a test for the

chemical industries, determining whether the im-
mense expansion of the preceding ten years was soundly
based. So far as foreign-trade figures were significant, the
returns showed that chemical manufacture was in a grati-
fyingly strong position. A second full year of hard times
has furnished a still more severe test, and the results again
show up well. Compared with other general industries,
chemical manufacture and trade appear to be weathering
the extended period of stagnation and low business morale
in a highly encouraging fashion.

Last year, while the total foreign trade of the country was
being cut down 35 per cent as compared with 1930, the
foreign trade in chemicals and related products was falling
off only 24 per cent. In the last two years, covering approxi-
mately the period of dull times, the United States has seen
its commerce with other countries reduced 53 per cent, but
in the buying and selling of chemicals the loss was only 38
per cent. The outgoing trade in chemicals, moreover, has
fallen off considerably less than the incoming, exports losing
only about one-third in the two years, and imports about
43 per cent. But the chief index to the standing of chemi-
cals in our trade world and the comparative extent to which
they have suffered is afforded by setting their record along-
side that of other great groups of commodities. In com-
piling its foreign-trade returns, the government distinguishes
ten broad classes of commodities. Out of these, the group
covering chemicals and related products has suffered a loss
in imports during the depression smaller than any other
group save one, and its loss last year as compared with 1930
was also lower than all others save one. In the export trade
the falling off was lower for the chemical trade than for any
other, both last year and during the whole depression. The
difference, moreover, was such as to make the trade in chemi-
cals stand out noticeably, as the percentage of loss was con-
siderably below the average for the other seven groups.

Comparative figures for these ten groups, showing both
the decrease in import and export trade in 1931 as compared
with 1930, and the decrease between 1931 and the banner
year of 1929 will be of interest.

I AST year in this review the point was made that a

DEecrEASE 1N U. S. ForeiGN TRADE BY GREAT GROUPS

chamsm IN Dscnmuz IN

No. Comyopiry Group IMPOR
1930-1 19‘79—31 1930—1 1929—31

% % To %

o Total trade of U. S............. 32 53 37 54
00 Animals and animal products,

edible SHA% SO TsiteR LU 37 57 37 52
0 Animals and animal products,

5 ) e e O GO oL o 34 58 32 47
I Vegetable food products and bev-

Y S e SR AT 22 43 28 50
II Vegetable products, inedible, ex-

cept fibers and Y. D 38 59 29 38
III Textiles R i O 31 59 34 57
IV Wood and paper............... 26 37 36 54
\Y Non-metallic minerals.......... 37 50 42 50
VI Metals and manufactures, except

machinery and vehicles. . 45 63 49 66
VII  Machinery and vehicles......... 45 60 42 60
VIII Chemicals and related products.. 26 43 22 34

Considering the political and economic crisis in Germany,
the action of several countries in going off the gold standard,
and the feeling of uncertainty and anxiety in the business
circles of our leading customers among the nations, it might
have been expected that the 1931 export trade in chemi-
cals would show a much greater drop than the import trade.
Such, however, was not the case. The decrease in imports
was somewhat greater both in percentage and in actual
dollars than that in exports, though foreign conditions may
perhaps be reflected in the fact that the difference was not
so great as in the previous year, the decrease in exports being
larger than in 1930 and that in imports somewhat smaller.
The balance of trade in favor of the United States is slightly
higher than in 1930, showing a continuation of the tendency
that has been in evidence over many years.

For the three years 1929-31, the total value of the import
and export trade of the United States in chemicals and re-
lated products was as follows:

ExporTs

YEaAr IMPORTS BAvAxce or TrRADE
1929 $144,062,000 $152,109,000 -+ $8,047,000
1930 112,070,000 127,855,000 -+-15,785,000
1931 82,738,000 100,133,000 +17,395,000

CHEMICALS AND RELATED PRODUCTS

Analyzing the 1931 returns for chemicals and related
products, we find that all the subgroups under this classifica-
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tion, as was to be expected, suffered losses as compared
with 1930. For most of them the rate of decrease was
much the same as the average for all chemicals. Coal-tar
products and explosives showed very heavy declines, both
in the incoming and the outgoing trade. Imports of the
former dropped off more than 30 per cent and of the latter
more than 40 per cent, as compared with 26 per cent for
the whole group of chemicals; in the export trade both
classes of commodities dropped about 40 per cent as against
22 per cent for all chemicals. The best showing among the
imports was that of medicinals, which decreased less than 20
per cent; and among the exports that of industrial specialties,
comprising many articles of everyday use, which fell off less
than 12 per cent. Most of the other groups exhibited about
the average reduction of 20 to 30 per cent for imports and
15 to 25 per cent for exports. Leading commodities in the
various groups likewise followed the general trend, although
in a number of cases actual increases were registered. The
1931 trade by large groups as compared with that of the
previous year is shown in the following table:

ForeiGN TrRADE IN CHEMICALS AND RELATED ProOpUCTS BY

Groups
Grour — IMPORTS - EXPORTS ———
1930 1931 1930 1931
Coal-tar products. . ... $16,273,000 $11,163,000 $17,556,000 $10,347,000
Medicinal and pharma-

ceutical preparations 4,948,000 3,973,000 17,801,000 15,104,000
Industrial chemical

specialties.......... a e 15,589,000 13,754,000
Industrial chemicals... 23,300,000 17,199,000 23,015,000 19,774,000
Pigments, paints, an

varnishes........... 2,613,000 2,017,000 21,689,000 15,127,000
Fertilizers and mate-

Tial R e 59,151,000 44,733,000 15,284,000 13,011,000
Explosives, fuses, etc... 911,000 520,000 2,950,000 1,734,000
Soap and toilet prepa-

rationsic Ry 4,719,000 3,028,000 13,970,000 11,283,000

% Not separately stated.

CoaL-Tar Probucrs

The marked falling off in the trade in coal-tar products
was due to heavy decreases in both imports and exports.
The drop in exports was larger, but it was probably due in
part to the fact that the decrease in the preceding year had
been comparatively slight in the face of a much larger de-
cline in general exports, and a natural slump was merely de-
layed until 1931. Imports declined in 1931 to about the same
extent as in 1930, but because of the greater loss in exports
the incoming trade is once more larger than the outgoing.
The total value of the trade both ways for the last two years
is shown in the table above. For 1929 it was: imports,
$22,823,000; exports, $18,061,000.

Imports oF Covrors, Dyes, Stains, CorLor Acips, Axp CoLor

BAses
1930 1931
From: Pounds Value Pounds Value
Belgium 63,000 $81,000 49,000 $£59,000
France 44,000 57,000 68,000 105,000
Germany 3,103,000 3,318,000 2,827,000 3,065,000
Italy 21,0 25,0 15,000 19,000
Switzerland 1,557,000 1,637,000 1,832,000 2,105,000
United Kingdom 114,000 119,000 107,000 117,000
Other countries 50,000 47,000 46,000 42,000
Total 4,952,000 5,284,000 4,944,000 5,512,000

The falling off in imports was due to a steep drop in our
purchases of crudes and intermediates, as contrasted with
an actual gain in those of finished coal-tar products. The
largest item in the incoming trade is creosote oil. It de-
creased 54 per cent in value in 1931, dropping from $7,806,000
to $3,598,000, though the quantity held up better with
36,885,000 gallons as against 66,922,000 gallons in 1930.
Intermediates likewise declined, the 1931 total being $679,000
as compared with $1,075,000 in the preceding year. In the
trade in finished products, the slight gain of 1 per cent in
imports stands out sharply against a 33 per cent loss in the
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year before. It was due to heavier shipments of colors,
dyes, stains, ete., from Switzerland and France, which more
than offset decreases from Germany (the leading source
of supply) and other countries. The trade in these articles
in 1929 amounted to 7,611,000 pounds valued at $8,470,000,
and in 1930 and 1931 was as shown in the preceding table.

The value of our imports of coal-tar medicinals held up
well last year, their total of $252,000 being only 8 per cent
under that of the year before, whereas the quantity (39,000
pounds) represented a drop of 45 per cent.

In the export trade the 40 per cent slump is to be ascribed
chiefly to a precipitous drop in sales of benzene. This may
have been a compensation for unusually heavy shipments
in 1930, when the trade exceeded even that of the highly
prosperous year 1929. Quantities and value of benzene ex-
ports in the last three years were as follows: 1929, 33,346,000
gallons valued at $8,537,000; 1930, 44,600,000 gallons
valued at $9,566,000; 1931, 21,861,000 gallons valued at
$3,795,000. Although a considerable number of countries
share in this trade, much the largest part of our shipments
go to Germany and the United Kingdom, and the heavy
decrease was due to a falling off in the demands from those
countries. Whereas in 1930 benzene exports to Germany
were valued at $4,656,000 and in 1929 to $4,460,000, in
1931 they were only $1,292,000. Although the trade with
the United Kingdom was cut less severely, it was also suf-
ficient to bring down the total noticeably; exports which
registered $2,530,000 in 1930 and about the same in 1929
were reduced to $1,102,000 in 1931.

Exports of coal-tar colors, dyes, stains, and color lakes
also dropped sharply, totaling 20,313,000 pounds valued at
$4,739,000, as against 28,267,000 pounds valued at $6,246,000
in 1930. Coal-tar pitch, on the other hand, marked up a
substantial increase, exports of 50,667 tons valued at $493,000
in 1931 representing a gain of 86 per cent in quantity and 70
per cent in value over 1930, when shipments were 27,221
tons valued at $51,000. Exports of crude coal tar (71,000
barrels valued at $207,000) were about one-fifth less than
in 1930. Creosote oil amounting to 1,873,000 gallons valued
at $254,000 was sold in 1931; it was not separately listed
in 1930.

MEDICINALS AND PHARMACEUTICALS

Considering the general state of trade, imports of medicinals
and pharmaceuticals stood up fairly well in 1931 with a loss
of only about 20 per cent in value. Trade in one impor-
tant commodity—quinine sulfate—showed an increase, the
1931 figures of 1,499,000 ounces valued at $498,000 compar-
ing with 1,253,000 ounces valued at $449,000 in 1930. Im-
ports, however, were still some 40 per cent below those -of
1929. Menthol, the leading article in the medicinals group,
also registered increased shipments in 1931, the total of
326,000 pounds comparing with 308,000 pounds in 1930,
although lower prices kept the value down to $878,000 as
against $1,017,000 in the previous year.

In the export trade about one-third of the items under
medicinals and pharmaceuticals showed increases in value
in 1931 as compared with 1930. The gains were small, but
in such a year as 1931 they loomed up as very encouraging.
The leading item in this group, a class of druggists’ prepa-
rations listed as tablets, pills, capsules, powders, and similar
manufactures, was one of those enjoying an increase, ship-
ments abroad being valued at $2,160,000 as against $2,008,000
in 1930. Druggists’ preparations in liquid form, such as
elixirs, cordials, tinctures, and extracts, rose from $988,000
in 1930 to $1,049,000 in 1931, and glandular products, organo
therapeutics, enzymes, ferments, and culture media from
$746,000 to $817,000. Milk of magnesia dropped from
$272,000 in 1930 to $195,000 in 1931. Castor oil valued at
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IMPORTS 1930 1931
Pounds Pounds
Acetylene, butylene, ethylene, and propylene
derivs. 282,000 567,000
Acids and anhydrides:
Acetic or pyroligneous 22,377,000 15,292,000
Arsenious (white arsenic) 21,559,000 15,631,000
Formic 0,000 140,000
Oxalic 574,000 489,000
Sulfurie (oil of vitriol) : 918,000 2,344,000
Tartaric 2,912,000 2,246,000
All other 2,330,000 1,333,000
Alcohols, n, e.s. ¢ including fusel oil, value 30,000 $11,000
Ammonium compounds, n. e. s.:
Chloride (muriate) 6,628,000 5,672,000
Nitrate 8,165,000 6,706,000
All other 661,000 526,000
Barium compounds 6,706,000 4,186,000
Calcium comsonnds n.e.s. 1,978,000 413 000
Cellulose products, n. e. s.
Acetate 6,0002 48,000
All other: £ :
Sheets, more than 0.003 inch thick and
other forms 143,000@ 175,000
Sheets, bands, and strips more than 1 inch
wxde, not more than 0.003 inch thick 203,0002 .40,000
Cobalt oxide 426,000 318,000
Copper sulfate (blue vitriol) 5,964,000 2,644,000
Glycerol:
rude 10,906,000 9,951,000
Refined 3,177,000 1,976,000
Iodine, crude 4,000 279,000
Lime, chlorinated, or bleaching powder 2,370, 1000 2,017,000
Magnesium compounds 10 942,000 1 928 000
Potassium compounds, n. e, 8.:
Argols, tartar, and wine lees 18,083,000 19,314,000
Carbonate 18,241,000 15,167,000
Chlorate and perchlorate 15,106,000 12,416,000
Cream of tartar 60,000 93,000
Cynm e - 91,000 94,000
Hydroxide (caustic potash) . 9,323,000 8,629,000
Nitrate, crude (saltpeter), tons 12,799 14,520
Other, n. e. s. 3,943,000 7,067,000
Sodium compounds, n. e,
_ Sulfate, crude (salt cake) b 145,493,000
Cyanide 26,401,000 18,695,000
Ferrocyanide (yellow prussiate) 1,590,000 1,185,000
Nitrite 0

61,000 {
Phosphate (except pyrophosphate) 1,445,000% 1,467,000
82,103.238 $650, 28(7)

Other, n. e. s., value

£ grains
Radium salts {vnlue $925,000 $731,000
Other industrial chemicals, value $5,046,000 $3,633, 1000

@ Beginning June 18, 1930.
5 Not separately stated.
¢ Not elsewhere specified.

$117,000 in 1931 was slightly higher than in the year before,
but white mineral oil dropped from $491,000-to $329,000.
Biologics for animal and veterinary use fell off from $547,000
to $444,000, serums and antitoxins for human use from
$861,000 to $836,000, and household pharmaceuticals in
small packages from $760,000 to $540,000.

Proprietary medicinal preparations dropped off in total
value about 20 per cent, the 1931 sales aggregating $8,300,000
as against $10,489,000 in 1930. Salves and ointments were
the best sellers in this group, reaching a value of $1,925,000
slightly less than in the year before. The various articles
classed as tonics, blood purifiers, emulsions, and appetizers
stood second in the group with $1,387,000, a considerable
decrease from the 1930 figure of $2,211,000. Laxatives,
purgatives, and cathartics, however, showed a small gain,
their value being recorded as $1,049,000 in the year under
review as against $990,000 in the preceding year.

INDUSTRIAL CHEMICAL SPECIALTIES

Only exports are listed under this heading, which covers
a number of products of chemical processes of manufac-
ture in common use. These American-made articles enjoy
a great popularity abroad, as is shown by the fact that the
total of their foreign sales rose from $4,776,000 in 1925 to
more than three times that much five years later. This was
the only group of chemicals and related products to show
increased sales in 1930 as compared with 1929, the totals
being, respectively, $15,589,000 and $14,457,000 for the
two years. But the second year of world-wide depression
had its effect, and the 1931 sales dropped some 12 per cent

Exporrs 1930 1931
; Pounds Pounds
Acids and anhydrides:
Organic (exclusive of coal-tar acids) b 559,000
Inorganic:
Nitric b 679,000
Sulfuric 5,471,000 3,202,000
Hydrochloric (muriatic) b 3,999,000
Boric (boracic) 2,804,000 4,221,000
Other 12,126,000 3,572,000
Alcohols: 8
Methsnol gallons 952,000 583,000
Glycerol 608,000 328,000
Butyl b 861,000
Other 3,358,000 1,862,000
Acetone 3,645,000 3,846,000
Carbon tetrachloride b 492,000
Carbon disulfide b 2,091,000
Formaldehyde (formalin) 3,769,000 2,905,000
Ethylene compounds b 718,000
Other synthetic organic products 1,326,000 2,235,000
Nitro or aceto cellulose solutions, collodion,
ete. 1,828,000 2,200,000
Ammonium compounds (except sulfate, phos-
phate, and anhydrous ammonia) 2,365,000 1,263,000
Aluminum sulfate 50 509 000 55,335,000
Other aluminum compounds 0 8, '000 1,749,000
Calcium compounds:
Carbide 3,987,000 2,834,000
Chlorinated lime, or bleaching powder 2,949,000 1,721,000
Chloride 42,699,000 48,703,000
Citrate of lime b 5,044,000
Other, except arsenate and cyanide 4,991,000 1,628,000
Copper sulfate (blue vitriol) 5,062,000 7,191,000
Hydrogen peroxide (or dioxide) 1,917,000 1,320,000
Potassium compounds (not fertilizers) 2,512,000 2,318,000
Sodium compounds:
Bichromate and chromate 4,933,000 4,407,000
Cyanide 1,242,000 L 121, ,000
Borate (borax) 165,863,000  173.876.000
Silicate (water glass) 60,494,000 58,577,000
oda as 65,873,000 55,277,000
Sal soda e i 13,073,000 9,058,000
Bicarbonate (acid soda or baking soda) 19,818,000 18,711,000
ate 8,872,000 ,305,000
Bisulfate (niter cake) b 26,703,000
Hydroxide (caustic soda) 126,379,000 131,189,000
ulfide b ,000
Fluorides i : b 131,000
Sodium phosphates (mono-, di-, and tri-) b 6,129,000
ther 51,696,000 7,498,000
Tin compounds 62,000 653,000
Zinc compounds 3,117,000 -,022,000
Gases, compressed and liquefied:
Ammonia, anhydrous 2,272,000 1,892,000
Chlorine 7,532,000 8,843,000
Other n. e.s. 2,369,000 2,398,000
Other industrial chemicals, value $4,367,000 $2,690,000

below those for the previous year, registering a value of
$13,754,000.

Household insecticides and exterminators make up the
leading item of this group in point of value. It dropped 42
per cent as compared with 1930, sales totaling $2,185,000 as
against $3,789,000 in the earlier year. A much smaller re-
duction was to be noticed in the sales of baking powder,
the value of which reached $1,269,000 in 1931 as compared
with $1,434,000 in 1930 and $1,730,000 in 1929. A popular
article abroad was one which appeared on this list for the
first time in 1931—rubber-compounding agents (accelerators,
retarders, etc.), which sold last year to a total of $1,157,000.
Cementing preparations for repairing, sealing, and adhesive
use were likewise separately noted for the first time in 1931,
their sales amounting to $502,000. A third new item, tex-
tile specialty compounds, had a value of $287,000. Agri-
cultural insecticides and fungicides, and similar materials
were valued at $1,199,000 in 1931 as against $1,458,000 in
1930; and household disinfectants, deodorants, germicides,
ete., at $283,000 as against $289,000. Petroleum-jelly ex-
ports totaled $788,000 in value, a decrease of 14 per cent from
the year before; shoe polishes and shoe cleaners, $406,000,
a decrease of 37 per cent; leather dressings and stains,
$362,000, a decrease of 11 per cent; and automobile polishes,
$299,000, about 18 per cent less than in 1930.

INDUSTRIAL CHEMICALS

The full list of industrial chemicals (of basic importance
to manufacture) sold or purchased abroad by the United
States in the last two years, is given in the accompanying
table.
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As will be noted, the largest import item in point of bulk
was salt cake, or crude sodium sulfate. . The volume of our
purchases of this commodity was many times as great as
that of any other of the group. The value, however, which
stood at $804,000, was less than one-half that of another
sodium compound—sodium cyanide—which led the whole
list of industrial chemicals with a total of $1,711,000. This
figure represented a decrease of 16 per cent from 1930.
Sodium ferrocyanide, with a total value of $102,000, was
25 per cent below the 1930 figure.

Among the potassium compounds the leading import
both in quantity and in value was the item, argols, tartar,
and wine lees, whose value of $1,605,000 represented a 13
per cent decrease. Potassium nitrate, or saltpeter, was
one of the few items in this group to show a gain, the 1931
value of $708,000, comparing with $620,000 in the year
before. Carbonate of potassium fell off about 22 per cent
in value, totaling $664,000 as against $848,000. Chlorate
and perchlorate, $439,000, showed about the same rate of
decrease; caustic potash, $452,000, dropped only about
8 per cent.

Most important among the acid imports was that of acetic
acid, whose total value fell from $1,498,000 in 1930 to $303,000
in 1931. The only others of importance were tartaric, whose
$447,000 total was about 40 per cent below that of the pre-
vious year, and arsenious, or white arsenic, which, with
$450,000 worth of 1931 imports, recorded about a similar
percentage of loss. Other prominent industrial chemicals
were crude iodine, the 1931 value of which was $998,000,
comparing with $1,798,000 in 1930 and $2,249,000 in 1929
and thus registering a loss of about 60 per cent in two years;
crude glycerol, valued at $515,000 in 1931 and $633,000 in
1930, and refined glycerol, $142,000 last year and $272,000
the year before; and cobalt oxide, whose 1931 value of
$387,000 was barely half that of 1930.

The export trade in industrial chemicals is dominated by
the sodium compounds which together accounted in 1931
for §9,959,000 out of the total of $19,774,000 for the whole
group, or slightly more than one-half. Sales of these com-
pounds were well maintained in 1931, their total almost
coming up to that of the year before which was $10,627,000.
Two-thirds of the total value of the sodium group of commodi-
ties was contributed by two chemicals—caustic soda and
borax. Caustic soda exports, although heavier in bulk, were
about 7 per cent below the 1930 trade in value, the 1931
figure of $3,465,000 comparing with $3,706,000 in the pre-
ceding year. The 1929 value was $3,516,000. Borax, on
the other hand, marked up a good gain of 10 per cent in value,
attaining a total of $3,359,000 as compared with $3,058 000
in 1930 and $2,935,000 in 1929. Last year’s imports were
higher in value than for any other year since the war except
1928, when they totaled $3,454,000.

Soda ash, third most important of the sodium group,
dropped about 25 per cent in value, registering $858,000, as
against $1,139,000 in 1930. Water glass showed a much
smaller reduction, its $523,000 being about 9 per cent less
than in 1930. Bicarbonate, with 1931 exports of $330,000
and bicarbonate and chromate with $288,000, recorded losses
of 10 per cent and 12 per cent as compared with the previous
year’s trade.

Outside of the list of sodium compounds, no commodity
classed as an industrial chemical is exported in sufficient
volume to reach $1,000,000 in value, and only a few reach
$500,000. Citrate of lime was sold abroad to a value of
$584,000 (no data for 1930); aluminum sulfate reached
$568,000 or practically the same as in 1930; calcium chloride
exports were valued at $567,000, a gain of 13 per cent; those
of nitro or aceto cellulose solutions, collodion, etc., totaled
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$536,000, likewise a small increase over 1930; and the alco-
hols together made up $571,000, hardly half the total of
the previous year. Methanol was the principal alcohol ex-
port, its value dropping from $483,000 in 1930 to $241,000
in 1931, partly because of a reduction in volume of exports
of nearly 40 per cent and partly because of lower prices
received which brought the average valuation of exports
down from 51 to 41 cents per gallon. This is the lowest
recorded valuation of methanol exports and is about one-
half that of the last five or six years. Compressed and lique-
fied gases were sold abroad to a value of $826,000, some 17
per cent less than in 1930. Anhydrous ammonia was for-
merly the chief of these exported gases, and its 1931 value,
$235,000, was 30 per cent below that of the year before.
Chlorine, with $248,000, was first in importance in 1931,
but it also suffered a slight reduction from 1930.

Prements, PAINTS, AND VARNISHES

The falling off in all lines of import trade noted in 1930
continued during 1931. The decrease in imports of chemi-
cal pigments was more noticeable than that in mineral-
earth pigments, the former losing 24 per cent and the latter
14 per cent of their 1930 values. Iron oxide and iron hy-
droxide fell from $375,000 to $259,000, and ochers and siennas
from $274,000 to $191,000. The most important articles
entering into this trade are lithopone and zinc pigments.
These fell off in value 36 per cent, from $670,000 to $429,000,
although the quantity, 11,354,000 pounds in 1931, was only
24 per cent below that of the year before. Comparative
figures are not available for the 2,914,000 pounds of zine
oxide and leaded zinc oxide, valued at $189,000, imported
in 1931. Imports of paints, stains, and enamels fell from a
value of $405,000 to $246,000 and varnishes from $51,000
to $31,000.

In the outgoing trade the decline was not quite so much
in evidence, but the returns do not indicate an encouraging
year. The value of our exports of mineral-earth pigments
dropped from $535,000 to $429,000, or about 20 per cent.
The larger part of this trade is made up of ocher, umber,
sienna, and other forms of iron oxide, whose 1931 value was
$272,000. Among the chemical pigments, carbon black
continues to occupy the dominant position. Sales in 1931
were heavier in volume than in the year before, but the value
was considerably smaller, the figures being: 1931, 96,714,000
pounds valued at $5,079,000; and 1930, 84,260,000 pounds
valued at $5,789,000. As compared with 1929, the value of
this important export dropped almost 40 per cent, returns
for that year showing sales amounting to $8,271,000.

Both in volume and in value the 1930 trade in zinc oxide
was cut in half, last year’s totals being 10,262,000 pounds
with a value of $§717,000, and those of the year before, 21,-
507,000 pounds with a value of $1,447,000. White lead,
10,017,000 pounds valued at $562,000, felt the dull times
to a lesser degree, although the 40 per cent loss in value was
enough to be felt severely. Red lead, litharge, and orange
mineral dropped from $590,000 to $385,000; and lithopone,
which maintained its sales better than any other important
chemical pigment, from $380,000 to $341,000.

There was an encouraging gain in the foreign sales of
pyroxylin lacquers. Pigmented lacquers totaling 333,000
gallons with a value of $950,000 were sent to foreign parts
last year, as compared with 256,000 gallons valued at $862,000
in 1930; and clear lacquers amounting to 94,000 gallons
valued at $198,000 in 1931, compared with 71,000 gallons
valued at $149,000 the year before. A large item in the
1931 trade, not separately reported before, was thinners for
pyroxylin lacquers, which were sold to the extent of $370,000.
Ready-mixed paints, stains, and enamels continue to go
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abroad in large volume, but sales were drastically reduced
from 1930, the total value dropping from $5,757,000 to
$3,309,000. Varnishes, including oil or spirit varnishes and
liquid driers, suffered even more severely. The flourishing
trade of 1930, amounting to a value of $1,442,000 and exceed-
ing even that of 1929, was cut to $547,000, a loss of 62 per
cent. Paste paint, on the other hand, showed up with a
surprisingly large increase. As against 1930 shipments of
1,785,000 pounds, last year’s returns totaled 4,054,000 pounds,
a gain of 127 per cent. The value, which rose from $354,000
to $529,000, returned a smaller percentage gain, but one
which distinguished this commodity from nearly all others
of the chemical group.

FERTILIZERS AND FERTILIZER MATERIALS

The outstanding feature of the import trade in fertilizers
last year was the manner in which the trade in Chilean ni-
trate was maintained. In theface of unprecedented low prices
for farm products in this country and a decline of more than
20 per cent in the total value of imported fertilizers, imports
of Chilean nitrate practically equaled those of 1930 in value
and fell but little below them in quantity. The figure for
total value was $21,112,000, and this compared with $21,-
445,000 in 1930, while the quantity 551,000 tons, compared
with 569,000 tons in 1930. The 1931 import value, however,
is the lowest in more than fifteen years and is less than half
of that of five or six years ago, the 1925 total being $52,531,000
and that for 1926, $42,781,000. The average value of Chilean
nitrate imports in 1931 was about $38, higher than for any
year since 1927, but much lower than the usual valuation
prevailing in earlier years.

The effect of the removal of a tariff duty of $5.60 per ton
on ammonium sulfate in June, 1930, is clearly shown in the
heavy increases in shipments since that time. Before the
duty was removed on June 18, 1930, imports in that year
had amounted to only 2845 tons. In the latter half of the
year they amounted to 30,939 tons and, in comparison
with the total 1930 shipments of 33,784 tons, shipments in
1931 reached a figure of 112,215 tons. The figures showing
value of imports tell a similar story except that the rate of
increase was somewhat smaller, the 1931 total of $3,142,000
comparing with $1,160,000 in 1930. A fairer comparison
would be with the returns of 1929, in which year only 19,000
tons valued at $763,000 were imported. Belgium and the
Netherlands were the heaviest exporters of ammonium sul-
fate to this country in 1931. Germany sent a considerable
proportion and in the first part of the year several thousand
tons were received from Japan.

Of the other nitrogenous fertilizers, calcium cyanamide
was the most important. Imports of this material showed
a heavy falling off, the 1930 shipments of 145,000 tons valued
at $4,874,000 being reduced to 51,000 tons valued at $1,537,-
000. Calcium nitrate dropped from a value of $1,560,000
in 1930 to $927,000 in 1931, and guano from $1,656,000 to
§504,000. The decline noted last year in imports of ammo-
nium sulfate nitrate continued through 1931, and the total
for the year was only $231,000 as against $391,000 in 1930.

Phosphate fertilizers followed the tendency of the times
and decreased from $1,909,000 in 1930 to $1,371,000 in 1931.
Potash imports likewise returned heavy decreases of 30 to
50 per cent, the figures for the separate commodities standing
as follows for the last two years:

InmPoORTS OF POTASH

FERrTILIZER - —-1930 1931
Tons Value Tons Value
Chloride, crude 273,000 $9,930,000 181,000 $6,518,000
Kainite 112,000 79,000 55,000 505,000
Manure salts 362,000 5,048,000 179,000 2,583,000
Sulfate, crude 86,000 3,947,000 57,000 2,628,000

Other potash-bearing substances 547 5,000 488 4,000
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Fertilizer exports fell off much less than the average for
other chemical commodities, and a few items showed an
actual gain. Ammonium sulfate shipments of 67,000 tons
valued at $2,220,000 compared with 82,000 tons valued
at $2,910,000 in 1930, a drop of 18 per cent in quantity and
23 per cent in value. Other nitrogenous fertilizer materials,
chiefly chemical but including some organic waste materials,
were exported to a value of $2,611,000, which more than
doubled the 1930 figure of $1,159,000. Phosphate-rock ex-
ports of the higher grades totaled 105,000 tons as against
only 66,000 tons in 1930, and the value, $614,000, showed
a similar gain over the $447,000 of the previous year. Land
pebbles, however, dropped from a value of $5,183,000 in
1930 to $3,663,000 in 1931, and superphosphates from
$1,595,000 to $941,000. Exports of potash fertilizers and
materials doubled in value, the 1931 total of $1,267,000
comparing with $643,000 in the year before: Fertilizers
classed as concentrated chemical fertilizers, and including
nitrogenous, phosphatic, and potassic materials, were sold
abroad to a value of $1,281,000 in 1931 as against $1,869,000
in 1930. Prepared fertilizers decreased from $1,477,000 to
$224,000 last year.

Exrprosives, Fusgs, ETC.

Imports under this heading were of small importance
and consisted, as usual, mainly of firecrackers, This trade
was cut in half, amounting to $349,000 as compared with
$754,000 in 1930. The chief item of export continued to
be dynamite, which fell from a total of 9,090,000 pounds
valued at $1,280,000 in 1930 to 5,656,000 pounds valued at
$789,000 in 1931. Smokeless powder sold abroad in 1931
was less than one-half in value of that of the year before—
$196,000 as against $439,000. Blasting-powder exports in-
creased somewhat in total value, which was $73,000 as
against $69,000 in 1930, but the quantity, 748,000 pounds,
was about 11 per cent under the mark of the year before.

Soar aAND TOILET PREPARATIONS

All the separate items under this heading suffered substan-
tial decreases in the import trade in 1931. Cosmetics,
powders, creams, etc., which reached a value in 1930 of
$563,000 fell to $423,000, about 25 per cent less; perfume
materials valued at $2,143,000 dropped off to $1,101,000,
a 50 per cent loss; toilet soap registered a value of $376,000
as against $556,000 in 1930, a loss of one-third; castile soap
fell from $347,000 to $254,000, a 27 per cent decrease; and
perfumery, bay rum, and toilet water imports were valued
at $681,000 in 1931 as against $921,000 in 1930, a drop of
26 per cent.

Exports likewise furnished but two or three exceptions to
the general rule of substantially lower shipments. The
best-selling article of the group—dental creams—achieved
a total value of $2,080,000 in 1931, a fairly good showing as
compared with the $2,274,000 of 1930. Laundry soap was
second in value, total sales for the year amounting to $1,756,-
000, a 30 per cent decrease from 1930. Toilet- or fancy-
soap exports were valued at $1,020,000 in 1931 and $1,235,000
in 1930; scouring soaps and powders at $528,000, about 36
per cent under 1930; and shaving soaps, creams, powders,
and sticks at $421,000, about 13 per cent less than in the
year before.

Talecum powder sold abroad in 1931 to a value of $691,000,
nearly 20 per cent less than in the year before, but sales
of face powder, $396,000, were practically the same in the
two years. Creams, rouges, and other cosmetics reached
a total value in the export trade of $1,890,000, the principal
items being: cold creams, $512,000; vanishing creams,
$367,000; other creams, lotions, and balms, $361,000; and
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rouges, $209,000. In 1930 the total for these goods was
$2,074,000, last year’s sales thus showing a decrease of only
about 9 per cent. Manicuring preparations fell off 30 per
cent to a total of $376,000; depilatories and deodorants,
$382,000, were nearly three times the 1930 trade; and hair
preparations, $375,000, were slightly above the total for the
previous year.

MATERIALS RELATED TO CHEMICAL INDUSTRIES

All the articles and groups of articles mentioned above
are included in group 8 of the government statistics, which
covers chemicals and related products. In addition to them
a number of commodities classified with other industries are
of commercial or industrial interest to chemical manufac-
ture and trade. Last year’s trade in the more important
of these articles is considered below.

MiNErAL O118

As was to be expected, world trade in petroleum and its
products felt the full force of the business depression last
year. Both in imports and in exports the trade of the
United States saw heavy reductions, decreases occurring in
every branch.

Imports of petroleum last year witnessed not only a drop
of about one-fifth in quantity but a considerable price re-
duction as well, which brought the decrease in value up to
much larger proportions. Advanced and refined oils, in-
cluding gasoline, naphtha, kerosene, etc., were as usual well
ahead of crude petroleum in total value, constituting about
57 per cent of the total imports. Practically the same pro-
portion ruled in 1930. The decrease in the quantity of re-
fined oils, from a 1930 importation of 43,381,000 barrels to
38,702,000 barrels last year, or 10 per cent, was much lighter
than the decrease in value, which amounted to 34 per cent,
the 1931 figure being $52,149,000 as against $78,739,000 in
the preceding year. Gasoline, naphtha, and other finished
light products were valued at $35,069,000, 40 per cent less
than in 1930. About 90 per cent of these oils came from
Venezuela but were credited to Curagao, the Dutch island
just off the coast of Venezuela.

Crude petroleum imports, as in previous years, came al-
most entirely from Mexico and northern South America.
Through direct shipments and shipments through the island
of Curagao, more than one-half of last year’s imports came
from Venezuela. The amounts and value of our imports
from the chief sources of supply in the last two years were
as follows:

Ismports OF CRUDE PETROLEUM

1930- 1931
From: Barrels Value Barrels Value

Mexico 10,093,000 $8,232,000 8,207,000 $6,062,000
Netherlands West

Indies 9,780,000 7,442,000 4,103,000 3,159,000
Colombia 14,204,000 19,880,000 12,329,000 12,509,000
Peru ,281,000 2,878,000 225,000 491,000
Venezuela 25,299,000 24,519,000 21,122,000 15,633,000
Other countries 1,472,000 1,941,000 1,264,000 1,367,000

Total 62,129,000 64,872,000 47,250,000 39,221,000

In the export trade the influence of the lower prices was
everywhere apparent. Decreases in total value were in all
cases much larger than those in quantities shipped, and in
the case of crude petroleum exports an actual 8 per cent in-
crease in quantity was accompanied by a 35 per cent de-
crease in value. Exports of petroleum and its important
derivatives in the-last two years are shown in the table which
follows.

In the trade in crude pefroleum the much lower prices
indicated by the figures in this table were in evidence
chiefly in the exports to Europe, where the total value was
cut in half while the quantity remained about the same
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(1,152,000 barrels in 1930 having a value of $1,995,000, and
1,005,000 barrels having a value of $993,000 in 1931), and to
Canada, which took 18,967,000 barrels valued at $25,689,000
in 1930 and 19,209,000 barrels valued at $14,765,000
in 1931. Japan increased its purchases from 2,926,000 barrels
valued at $3,223,000 in 1930 to 3,606,000 barrels valued at
83,518,000 last year. Cuba was the only other large buyer,
its purchases of 769,000 barrels representing a 50 per cent
gain,

Exports oF PETROLEUM AND PRODUCTS

Propucr 1930 1931
Barrels Value Barrels Value
Petroleum, crude 23,704,000 $32,153,000 25,535,000 $20,828,000
Refined oils:
Gasoline, naphtha,

and other finished
63,195,000 250,647,000

16,690,000 63,325,000
32,378,000 33,220,000
9,752,000 88,931,000

light products
Illuminating oil (kero-
sene)
Gas and fuel oil
Lubricating oil

43,787,000 109,301,000

12,534,000 34,796,000
26,688,000 23,966,000
7,994,000 62,986,000

In the export trade in gasoline, naphtha, and other light
products, drastic reductions were the rule among all the
large buyers except Japan. That country increased its
purchases about 4 per cent in value and 18 per cent in quan-
tity, the increase coming entirely in the last six months.
As compared with 1930 purchases of 1,067,000 barrels valued
at $4,018,000, total purchases for 1931 amounted to 1,256,000
barrels valued at $4,185,000. By way of contrast, ship-
ments to the United Kingdom fell from 19,208,000 barrels
to 13,151,000 barrels and in value from $67,013,000 to
$28,938,000; to France from 9,331,000 barrels to 6,132,000
barrels, and in value from $35,355,000 to $12,009,000; and
to Canada from 4,282,000 barrels to 2,963,000 barrels and
in value from $15,261,000 to $8,592,000. The greatest drop
was in the trade with Cuba. That country took 1,179,000
barrels valued at $4,073,000 in 1930 and only 288,000 barrels
valued at $617,000 in 1931, last year’s purchases being far
below the normal of earlier years.

The United Kingdom continued to be our best customer
for bulk kerosene. Shipments to that country were almost
as large as in 1930, but the value was lower by nearly 40
per cent, last year’s figures of 2,881,000 barrels valued at
$5,006,000 comparing with 2,937,000 barrels valued at
$8,144,000 in the year before. (These refer to bulk ship-
ments only. Shipments to Europe in containers were very
small and were not separately stated.) The largest buyer
of kerosene shipped both in bulk and in containers was China,
Hong Kong, and Kwantung (considered as one country),
exports to which fell from 3,172,000 barrels to 2,249,000
barrels and from a value of $12,485,000 to $7,255,000.
Japan’s purchases, 370,000 barrels with a value of $1,413,000,
were about two-thirds less than in 1930, while shipments to
British India, 553,000 barrels valued at $2,007,000, dropped
off about one-third.

Japan’s purchases of gas and fuel oil, for which that coun-
try is our best customer, were almost the same in 1931 as
in the year before, last year’s total being 5,437,000 barrels
with a value of $4,595,000. Trade with the United Kingdom
fell off heavily, shipments totaling 1,397,000 barrels valued
at $1,536,000, a drop of 53 per cent in quantity and 65 per
centin value. The value of shipments to Germany, $1,421,000,
was only about one-half that of the year before, and
exports to other leading customers, including Panama, Chile,
Canada, and Mexico, showed decreases ranging from 20 to
50 per cent.

In addition to the exports of these oils given in the table
above, bunker oil was supplied to vessels engaged in foreign
trade to the extent of 43,714,000 barrels valued at $38,845,000,
as compared with 50,773,000 barrels valued at $53,576,000
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in 1930. About 46 per cent of the total was sold to Ameri-
can vessels.

Lubricating oil exports were almost uniformly lower than
in 1930, with the United Kingdom, France, Germany, Italy,
Belgium, and Canada the leading customers. Japan’s pur-
chases were an exception to the rule, showing a small increase.
That country in 1931 took red and pale lubricating oil to
the amount of 171,000 barrels and cylinder oil to the extent
of 54,000 barrels, these quantities comparing with 182,000
barrels and 37,000 barrels, respectively, for 1930.

SULFUR

Sulfur exports fell off about 30 per cent in 1931, the total
for the year being 407,586 tons of crude sulfur in lumps,
valued at $8,837,000, and 13,599 tons of crushed, ground,
refined, sublimed, and flowers of sulfur, valued at $432,000.
The three leading buyers of crude sulfur continue to be
Canada, Germany, and France. Canada’s purchases de-
creased about one-third in value as compared with 1930 and
those of Germany about 30 per cent, but France increased
its purchases, taking 73,000 tons as against 56,000 in 1930.
All other countries took decreased quantities, trade with
Australia showing the largest loss. Only 21,000 tons went
to that country in 1931 as against 65,000 tons in 1930. Total
exports of crude sulfur in 1931 were just about one-half
those of two years ago in 1929.

VEGETABLE, ANIMAL, AND EssENTIAL OILS

Coconut oil from the Philippines, most important of the
vegetable oil imports, enjoyed a trade somewhat heavier
in volume but about one-fourth less in total value than in
1930, the 1931 returns standing at 325,175,000 pounds valued
at $15,272,000 as against 317,919,000 pounds valued at
$19,901,000 in the year before. Palm oil, however, de-
clined both in quantity and value, the imports of 258,156,000
pounds last year being 10 per cent less than in 1930 and the
value, $10,792,000, 34 per cent less. Inedible olive oil im-
ported for mechanical or manufacturing purposes fell off
one-half in value and more than 40 per cent in quantity,
the 1931 imports amounting to 36,924,000 pounds with a
value of $1,652,000. Carnauba wax registered increased
shipments—7,447,000 pounds as against 7,416,000 pounds in
1930—but the total value, $1,070,000, was 25 per cent less.
There was a very marked decrease in the value of imports
of tung oil, due apparently to lower prices, since the volume
dropped much less than the value, the 1931 imports totaling
79,311,000 pounds valued at $4,426,000 as against 126,323,000
pounds valued at $12,487,000 in the year before. Among
the edible vegetable oils, olive oil was the only one to be
imported in very large volume, shipments reaching 70,394,000
pounds as against 92,964,000 pounds in 1930. The value,
$8,252,000, compared with $11,221,000 in 1930. Most of
this oil came from Italy, with Spain second. The large
decrease noted last year in the trade in palm-kernel oil con-
tinued in 1931, the total amounting to only 12,928,000 pounds
as compared with 29,104,000 pounds in 1930 and 69,909,000
pounds in 1929. The value showed an even greater de-
cline, figures for the three years being: 1931, $637,000;
1930, $1,771,000; 1929, $5,301,000.

Among the exports, cottonseed oil (edible) was of greatest
value. Shipments were somewhat heavier—12,845,000
pounds as against 11,903,000 pounds, but the 1931 value,
$1,162,000, was slightly under that of the year before. Cuba,
as usual, was the largest buyer.

Imports of essential and distilled oils dropped sharply
i total value, amounting to $3,654,000 as compared with
$5,643,000 in 1930. Last year’s trade was only one-half
as large in value as that of 1929. Imports for the last two
vears were as follows:
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Ismports oF EssentiaL AnDp DistinLep OiLs

O 1930 1931
Pounds Value Pounds Value

Cassia and cinnamon 372,000 $373,000 306,000  $218,000
Geranium 189,000 593,000 140,000 416,000
Otto of roses, ounces 18,000 216,000 20,000 209,000
Bergamot 176,000 440,000 81,000 136,000
Citronella and lemon £

grass 1,097,000 542,000 1,027,000 389,000
Lavender and spike

lavender 376,000 722,000 280,000 500,000
Lemon 624,000 588,000 347,000 216,000
Orange 166,000 362,000 132,000 230,000
Sandalwood 19,000 80,000 10,000 49,000
All other 3,064,000 1,727,000 2,925,000 1,291,000

Total 5,643,000 3,654,000

Peppermint oil exports were lower in both quantity and
value than in 1930, shipments reaching 230,000 pounds
valued at $438,000, as compared with 233,000 pounds valued
at $700,000.

DyEING AND TANNING MATERIALS

Imports under this heading again declined, the total value,
$5,126,000, representing a loss of almost 30 per cent from
1930. In the quebracho trade, however, the loss was only
in value, as both wood and extracts showed a gain in quan-
tity of shipments, the returns being as follows: quebracho
wood, 55,396 tons valued at $587,000 in 1931 as against
44,114 tons valued at $640,000 in 1930; and quebracho
extract, 90,237,000 pounds valued at $2,490,000 as against
87,377,000 pounds valued at $3,838,000. Logwood, valued
at $384,000, was third in the list and was slightly more than
in 1930, while valonia, $282,000, was nearly 40 per cent
under 1930 imports.

Exports of dyeing and tanning materials dropped in value
from $1,898,000 in 1930 to $1,589,000 in 1931, the chief
export being logwood extract, shipments of which were
valued at $165,000 as against $193,000 in 1930.

RUBBER

In the face of a depression which presumably bears down
especially on such luxury industries as automobile manu-
facture, the importation of rubber (used chiefly in tires)
showed highly encouraging results in 1931. American im-
porters bought slightly more crude rubber than in 1930 but
paid for it only one-half as much. This indeed is but a con-
tinuation of a tendency which has been noticeable since
1926, when post-war import values reached their peak.
Since that year the quantity of rubber imports has remained
fairly steady, surpassing the 1926 total by about 36 per cent
in 1929 and about 20 per cent last year, but the values have
descended steeply until in 1931 the total was only about one-
seventh that of five years before. The following table shows
this decrease year by year:

ImporTs oF CRUDE RUBBER

YEAR Pounps VALUE
1926 925,878,000 $505,818,000
1927 954,750,000 339,859,000
1928 978,107,000 244,855,000
1929 1,262,939,000 240,966,000
1930 1,089,830,000 140,642,000
1931 1,124,003,000 73,803,000

Shipments decreased in 1931, as compared with 1930,
from all the chief sources except British Malaya, which was
credited with 804,152,000 pounds as against 763,411,000
pounds in 1930, and the United Kingdom, whose total was
55,481,000 pounds as against 8,962,000. From the Nether-
lands East Indies, American importers received 157,656,000
pounds as compared with 185,743,000 pounds.

NAavaL SToRES, GUMS, AND RESINS

Chicle, most important of imported gums in point of trade
value, showed no exception to the general rule of decreased
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trade in 1931. In spite of the fact that chicle was placed
on the free list in the middle of 1930, free importations for
the whole of 1931 were hardly any higher than for the first
half of the year before, when it was subject to a duty of 10
cents per pound. Last year’s imports reached a total of
8,931,000 pounds valued at $4,195,000, and those of 1930
were 13,957,000 pounds valued at $7,022,000. Shellac, chief
varnish gum imported, suffered a severe cut in total value
which was only $1,953,000 as against $5,190,000 in 1930,
but the quantity made a better showing—11,962,000 pounds
as against 18,982,000,

Natural camphor scored notably in competition with
synthetic, as both the crude and the refined products entered
in greater quantities than in 1930, while shipments of syn-
thetic were cut down one-fourth. Imports of natural crude
camphor were doubled—2,010,000 pounds as compared with
1,058,000 in 1930—with the total value rising from $419,000
to $716,000, and those of refined rising from 1,032,000 pounds
valued at $557,000 in 1930 to 1,152,000 pounds valued at
$546,000 in 1931. Trade in synthetic camphor fell from
2,405,000 pounds valued at $851,000 to 1,798,000 pounds
valued at $588,000.

The value of our exports of naval stores, gums, and resins
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fell off by 37 per cent, totaling only $14,304,000 as compared
with $22,698,000 in the year before. The decrease was in
evidence both in the trade in rosin and in that of turpentine.
Exports of wood rosin, amounting to 154,000 barrels with a
value of $1,136,000, were reduced 21 per cent in quantity
and 52 per cent in value from 1930; those of gum rosin,
907,000 barrels valued at $6,923,000, were less by 15 per cent
and 42 per cent, respectively, in quantity and value. All
the large buyers of gum rosin took reduced quantities, the
United Kingdom buying 20 per cent and Germany 15 per
cent less. These are our best two customers for this product.
Turpentine exports were 12,214,000 gallons last year as
against 15,142,000 gallons the year before, the total value
showing a somewhat larger decrease, from $6,612,000 to
$4,813,000. The United Kingdom is much the largest buyer
of this product, taking 5,020,000 gallons valued at $1,839,000
in 1930. . This represented a decrease of about one-third
in quantity and 40 per cent in value from the purchases of
the preceding year.

Receivep February 4, 1932. All 1931 figures are preliminary, but the final
figures usually show few changes of importance. Further details regarding
the trade in any particular group of articles may be obtained through this
publication or by addressing the author.

NOTES AND CORRESPONDENCE

Toxicity of Ethylene and Propylene
Glycols

Epiror's Nore. The following letter was received in June, 1930, but the
publication was delayed in the hope that further experiments would be made
by the author, Doector Hunt states that he has not been able to pursue his
studies further, and, since the subject is of considerable interest at the
present time, the letter is now published.

Editor of Industrial and Engineering Chemistry:

Although comparatively little experimental work with ethylene
glycol has been reported, the view has long been held that the
substance is practically nonpoisonous; its use as a substitute for
glycerol in some food and pharmaceutical preparations has been
suggested. Recently two deaths in man have been reported
[J. Am. Med. Assocn., 94, 1940 (1930)] from the drinking of an
antifreeze mixture consisting of ethylene glycol. Hence it seems
desirable to call attention to certain undesirable and dangerous
properties of this compound.

It has long been recognized that ethylene glycol, like other
polyvalent alcohols, has little or no narcotic or other immediate
obvious actions. It is this lack of immediate effects of even
comparatively large doses which has caused a number of experi-
menters to overlook the inherently dangerous character of the
compound.

A few years ago I performed a number of experiments with
this substance upon rats, mice, guinea pigs, rabbits, cats, and
dogs. The compound was administered in various ways—by
intraperitoneal and intravenous injections, and by mouth.
It was also added to the drinking water of the animals, and
the effects of small doses, continued for several days or weeks,
were observed. The compound was found to be distinctly
poisonous. The toxic action was not due to the glycol itself
but to one of the products of its oxidation in the body—oxalic
acid. The kidneys were very severely injured by the oxalic

acid, and this seemed to be the usual cause of death. Experi-
ments on man have also shown that some of the glycol is oxidized
to oxalic acid.

Ethylene glycol proved to be as poisonous as methanol, but
in a different way. Of course from a practical standpoint it is a
much less dangerous substance than methanol; it is so slightly
volatile that there is no danger of poisonous doses being inhaled,
and there is no evidence that it is absorbed from the skin. Those
who are so foolish as to endeavor to quench their thirst by drink-
ing antifreeze mixtures would probably find other means of
committing suicide, but manufacturers should (and apparently
do) abstain from adding ethylene glycol to any food product.
Used legitimately, this compound is a far less dangerous sub-
stance than aniline, benzene, carbon disulfide, turpentine,
carbon tetrachloride, and many other chemicals extensively
employed in the industries.

A considerable number of experiments were performed with
propylene glycol; the results were strikingly different from
those obtained with the ethylene compound. I could find no
indications of a poisonous action. Thus, young rats grew at
the normal rate and reached maturity when the only liquid
they received was a 5 per cent solution of propylene glycol;
rats receiving a similar solution of ethylene glycol died in two
or three days, and those receiving a 1 per cent solution frequently
died within a week. The propylene compound was well toler-
ated by animals whose livers and kidneys had been injured by
various poisons. It is possible that this glycol may have a
true food value in the sense that ethyl alcohol does, and without
the drug action of the latter.

Remp Hunr

HArvARD MEDICAL SCEOOL
BosTon, Mass.
June 19, 1930



AMERICAN CGONTEMPORARIES

Charles Lathrop Parsons

4 ELL, how about a little trip down
‘;‘/ the river to Portsmouth in our
one-lunger and some broiled live
lobsters at Ham’s?” said Charlie Parsons to
Mrs. Bogert and me one summer afternoon at
Durham, N. H., nearly thirty years ago,
when he was professor of chemistry at the
New Hampshire College there and we were
his guests. “If you insist upon it,” we re-
plied, “lead us to the lobsters and we will show
you how mean a knife and fork two hungry
New Yorkers can wield.” So he and Mrs.
Parsons led the way to the creek where the
boat, a small open-launch, awaited us. Al-
though not a speed boat or much to boast
about in the way of looks, she carried us
safely, albeit not very rapidly, down the creek
and the Piscataquis River to Portsmouth,
where the lobsters ‘‘ 'n’ everythin’ ”” were dis-
posed of with gusto, for in those days Ham’s
lobsters were famous throughout that region.
The night being a beautiful one, we did
not leave Portsmouth until quite late,
and, when we started, a stiff ebb tide
was running against us. But our little put-put kept plugging
along valiantly until we got about one-third of the way home,
when after one or two despairing consumptive coughs the
motor inconsiderately died. Fortunately, we were not very far
from the north shore of the river at the time, so.that we paddled
her in and beached her in a little cove near a group of cottages.
While Charlie attacked the engine with his best tools and most
persuasive arguments under the admiring but somewhat sleepy
eyes of our wives, I climbed up the bank to reconnoiter. Un-
fortunately it was near midnight, the houses were all dark, and
every one apparently was in bed and sound asleep. While
deliberating as to the next move, I was cheered by hearing a few
feeble coughs from the motor, and, by the time I got back to the
boat, the future Secretary of the AMErRICAN CHEMICAL SOCIETY
had her going again and we limped slowly home, where we arrived
in the “wee sma’ hours” of the morning, after getting stuck in
the mud once or twice as we struggled along in the low water and
darkness up the creek.

This was my first chance to get better acquainted with the new
professor at Durham and was the beginning of a close and warm
friendship which I hope will continue to the end.

One of the outstanding characteristics of Doctor Parsons and
his charming wife is their generous, unselfish, and neverwearying
hospitality. Every one who knows the Parsons even slightly,
knows this. No matter where their home may be, Durham
as it was, or Washington as it is now, the door to that home,
as to their hearts, is always open to their friends, and no one
ever knocks on either without receiving a cordial and cheery
welcome. I have seen them time and again, when friends
happened to drop in unexpectedly, put themselves to all kinds of
trouble and inconvenience to see that these guests were made
happy, not considering for a moment their own comfort. When
distinguished foreign chemists visit our capital, the hospitable
Parsons home is one of the first to entertain them, and in my
wanderings in Europe I have had many of my foreign colleagues
who have visited Washington tell me that some of the happiest
recollections of their trips to our country were the evenings they
spent as guests of the Parsons.

Intensely loyal to his friends and always
willing and eager to do everything in his power
to show that friendship, whether through this
abounding hospitality  or in other ways,
nothing hurts or grieves him more than in-
difference or coldness on the part of those
from whom he has the right to expect sym-
pathy and responsiveness. A man of inde-
pendent thought, confident in his own judg-
ment tenacious in his opinions and vigorous in
their defense, he nevertheless maintains an
open mind and is ever willing to discuss any
question, to weigh critically the arguments
advanced, and to surrender good naturedly
when convinced that his position is no longer
tenable. People may and do differ with him,
but they always respect his judgment and
the sincerity of his position. Strong in his
dislikes, as in his likes, he can be, when occa-
sion demands it, an active and resourceful
antagonist, and two of his pet aversions are
pomposity and snobbishness; but, if he is
a hard and fair fighter, he is also a good
loser and never harbors any grudge as a
result of such differences of opinion. TUndoubtedly to those
who do not know him well, he may now and then give the
impression of being too dogmatic. He is endowed with a
keen sense of humor, and enjoys a good joke immensely, even
when it happens to be on himself. In his own home life he
is very happy and an easy mark for his grandchildren. In
spare moments he loves to putter around his automobile and to
slip away with Mrs. Parsons for a little tour whenever a chance
occurs. 'To him, Washington is the finest place in the world to
live, and a stranger hearing one of his ardent boosting orations
on the subject might think that he was listening to a real estate
agent with property to sell in the vicinity of Cleveland Park.
To the AMErIcAN CHEMICAL SoCIETY, its officers, and governing
boards, he has always shown the staunchest kind of fealty; and
no matter how energetically he may debate a question in the
Council, when the question is once decided, it always receives his
whole-hearted support, whether or not he originally favored it.
Not infrequently he may have appeared meticulous and un-
reasonable upon some matters of Sociery business, when actually
he was only carrying out explicit instructions received from the
Council.

I well remember when the question first came up of his becom-
ing Secretary of our AMERICAN CHEMICAL SOCIETY, in succession
to Albert C. Hale, who felt that the burden was growing too heavy
for one of his years to carry. Professor Parsons was then deeply
engrossed with hig scientific work and very happy in it. With
his staff and students he was occupied with many interesting
researches and was particularly enthusiastic about the work in
rare earths which his colleague, the late Professor James, was
developing so deftly and yet so modestly. It was a real sacrifice
to give up all this as well as his beautiful home in Durham, and
move to Washington where the friends now without number were
then but a handful. I know from many intimate conferences
with him that he came to his decision because he was convinced
that as Secretary of the AMEricAN CHEMICAL Sociery he would
have a better opportunity to advance the cause of chemistry in the
United States than as professor of chemistry at New Hampshire
College. In all honor be it said that, having put his hand to the
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plow, he has never once turned back but has continued to put into
the cause of the AMERICAN CHEMICAL SocCIETY everything that he
had to give of time, energy, and ability; in season and out, early
and late, in fair weather and foul, he has striven tirelessly and
undiscouraged for the upbuilding and development of our
national society until, after nearly a quarter century of the hard-
est and most loyal kind of service, he has the satisfaction of seeing
that organization grow from a membership of about three thou-
sand to nearly twenty thousand, and rise from comparative
obscurity to the exalted position it now occupies as the greatest
chemical society the world has ever known. Having closely
followed the progress of our Socrery for the past forty years, I
say unhesitatingly and without fear of successful contradiction,
that what the AMBRrICAN CHEMICAL SoCIETY is today it owes more
to Charles Lathrop Parsons than to any other American chemist.
Isn’t that a monument of which any man may well feel proud?
Who is there among us who has done more for the cause of
American chemistry than what he has accomplished in the build-
ing of this great organization? I appreciate that he is not the
only one who has contributed to this result, but that many have
participated. Presidents have come and gone, and each has
contributed what he could; but it has been the accumulated
experience of Secretary Parsons, his intimate knowledge of the
many problems of the Socrery and of the chemists of our country,
his frank and fearless advice, which has been our chief guide
throughout these many years of development. As a past presi-
dent I know whereof I speak.

There are those who seem to believe that original research is
not only the highest form of service which any chemist can render
to his profession, but that everything else is so far inferior as not
to be worthy of mention in the same breath. The discovery of
new knowledge is undoubtedly of immense importance, but so
also is the dissemination of the knowledge we have already gained,
for discoveries become valuable only as they become useful, either
practically or for the assistance of other workers. The AMERICAN
CHEMICAL SocreTy is today the most potent agency existing for
this dissemination of chemical information and discovery. The
investigator must keep fully posted and up to date on the
rapid advances in his chosen field, and his research results would
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lose much of their value without an opportunity to bring them in
published form to the attention of the chemical profession and of
others likely to be interested. Think what Chemical Abstracts
and our other journals mean to the progress of research, and how
much that research is aided and stimulated by the inspiration and
encouragement which comes from the contacts with one’s fellow
investigators provided by the frequent meetings of the Sociery
and of its sections. That brilliant investigator, Sir William
Crookes, is quoted as having said that he felt that his founding of
the Chemical News and its editing for half a century had been
fully as important a contribution to the progress and advance-
ment of chemistry as his research work.

This outstanding service has been recognized clearly in other
countries where Doctor Parsons has been the recipient of decora-
tions, of honorary memberships in national chemical societies, and
of similar tokens of appreciation and esteem. In his own country
he has received the Nichols Medal of the AMErRICAN CHEMICAL
Sociery (1905), and the honorary degrees of D.Sc. from the
University of Maine (1911), and of D. Chem. from the University
of Pittsburgh (1914).

Born in New Marlboro, Mass., and educated partly in Massa-
chusetts and partly at Hawkinsville, Ga., to which city the family
moved while he was still a youngster, his collegiate training was
obtained at Cornell University, from which he received his B. S. in
1888. Nothing brings him more joy now than to steal away for a
few days of turkey hunting around his old home town of Hawkins-
ville, where his brother Will still lives. Those who have been
so fortunate as to have been his guests on these hunts will not soon
forget them or their warm-hearted host. When the wild turkeys
down there hear that Charlie is on the warpath again and is going
to pay them a visit, they all “beat it” for the deep woods, for they
know to their sorrow that today he is as much interested in roast
turkey as he used to be about whether a certain element should be
called “beryllium” or ‘“glucinum.” In fact these turkeys feel
as nervous, apprehensive, and ill at ease, when they know that
he is scouting around, as though they were chemists who didn’t
belong to the AMBrICAN CHEMICAL SOCIETY.

MarstoN TAYLOR BOGERT

THE GOLDMAKER

by
Pieter Breughel, the Elder

Breughel, a famous Flemish painter
and a student of Koek, worked in
Antwerp and Brussels and died in
the latter city about 1590 at the age
of 60. He drew a number of pen and
ink sketches, most of them of a
humorous nature. The original of
the “Goldmaker” is in the Staatliches
Museum in Berlin.

[See page 317]



BOOK REVIEWS

INDUSTRIAL ELECTROCHEMISTRY. By C. L. Mantell.
528 pages. McGraw-Hill Book Company, Inc., New York,
1931. Price, $5.00.

In m1s preface the author states, “..... Furthermore, the engi-
neering side of the subject is neglected. ..... This volume is a
modest attempt to fill the gap. It endeavors to point out and
emphasize the technological importance of electrochemical proc-
esses, to stress their practical aspects, and to adopt the engi-
neering viewpoint.” This reviewer believes that the author has
succeeded in his attempt. The volume is excellent from the en-
gineering viewpoint.

The volume is divided into six sections: Theoretical Electro-
chemistry, Technical Electrochemistry, Electrolytics, Electro-
thermics, Electrochemistry of Gases, and Engineering. The
first section is a brief introduction, evidently intended for the
general reader and not for one actively interested in the subject.
All the misprints in the volume found by this reviewer (four)
were in this section. In the second section are very good ac-
counts of corrosion, primary and storage cells, rectifiers, and
electrochemical analysis. The third section comprises over half
the book, giving an account of industrial applications of electroly-
sis. Electric furnaces and their products are treated in the fourth
section. The electrochemical reactions in gases are given brief
treatment in the next section, and the last section treats of ma-
terials of construction and the economics of power as applied to
electrochemical processes.

The volume 1s profusely illustrated with photographs and
diagrams, and contains numerous tables of operating data, as
well as an appendix of electrochemical equivalents.

Obsolete processes are mentioned only occasionally, and are
always definitely designated as such. Obsolete operating data,
when given, are also properly labeled and are not likely to be
misinterpreted.

The book should be valuable as a reference for practical data
as'well as a textbook for students. N. RicHARDSON

6

COLLOID CHEMISTRY, THEORETICAL AND APPLIED.
VOLUME III. TECHNOLOGICAL APPLICATIONS.
Edited by Jerome Alexander. 655 pages, illustrated. The
Chemical Catalog Company, Inc., New York, 1931. Price,
$10.50.

Tuis is the first of two volumes on Technological Applications
in Alexander’s four-volume series on Colloid Chemistry. The
first volume, Theory and Methods, and the second volume,
Biology and Medicine, appeared in 1926 and 1928, respectively.
The fourth and final volume is promised in a few months. This
book, to which forty-six people contributed, consists of forty-two
papers on widely diversified topics. The editor collaborated
with Professor McBain in the first paper, “Cohesion and Ad-
hesion,” and contributed two additional papers, Chemical War-
fare!’” and ‘“The Colloidal State in Metals and Alloys.”

Among the first eleven papers dealing primarily with general
principles, such subjects are treated as the practical results of
x-ray researches, weftting of solids by liquids, swelling, catalysis,
adsorption, and grinding. The next six lp:a.pers are concerned with
mechanical processes, such as electrical precipitation of suspen-
soids, the use of colloid mills and the supercentrifuge, filtration,
and flotation. The remaining twenty-five papers take up such
subjects as the role of colloid chemistry in geology, mineralogy,
ceramics, cements and mortar, metallography, corrosion of iron,
petroleum, coal tar, asphalt, graphite, the soil, and wheat and
wheat flour.

The editor has brought together, in so far as possible, the
papers dealing with related t(g)ics; he has included numerous
notes and cross references; and he has designated each paper as
a chapter, in an attempt to give the work some semblance of con-
tinuity. In spite of this, however, this volume, like the preceding
ones, is little more than a collection of articles eacE written
without any knowledge of the contents of the others and without
any special reference to the others. This is not ideal, but it is

probably the best available way of bringing together in-relatively
few pages the first-hand information of specialists in so many
widely diversified fields. :

Six years or more ago the editor undertook this comprehensive
compilation. No doubt he found it easy to persuade almost
two hundred people the world over to write articles dealing with
their special line of work. But to get the articles written and in
form for publication is another matter! From the size of the
volumes and the number of contributions it would appear that
the editor has accomplished even more than he started out to do.
Even though the price is about 1.5 cents per page, every scientific
and technical library will find these books well worth the cost.

HArrY B. WEISER
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EXAMINATION OF WATER: CHEMICAL AND BAC-
TERIOLOGICAL. By William P. Mason. 6th edition,
revised by Arthur M. Buswell. 224 pages, 34 diagrams and
photographs. John Wiley & Sons, Inc., New York, 1931.
Price, $3.00.

TaE present edition of this work represents a revision and en-
largement, both in size and number of pages, of a well-known little
book that has served its modest purpose in the field of water
analysis for many years. In the section dealing with chemical
analysis, the reviser has adhered in general to the subject matter
of previous editions, with expansion of topies to include such sub-
jects as hydrogen-ion concentration and its determination, chemi-
cal composition of natural waters, determination of free chlorine,
and methods of the American Railway Engineering Association
for estimation of mineral constituents. Other new features hav-
ing to do with chemical analysis are a chapter devoted to exercises
in water-softening, coagulation, and chlorination, and, in the
form of an appendix, a chapter on the preparation of permanent
standards for use in analysis.

In the reviewer’s opinion, the material in the latter chapter
would better have been distributed under the various deter-
minations it concerns, where one would expect to find the in-
formation. Also, in presenting the various tests, a more logical
sequence might have been followed that would have brought
together tests that deal with similar forms of matter. There is
no apparent reason, for example, why hydrogen-ion concentration
shoulg be placed between the tests for temperature and color.

Only 17 pages are devoted in a rather sketchy way to the sub-
jects of bacteriological and microscopical analysis. For stu-
dents’ use a broader discussion of the significance of these exami-
nations would have been desirable.

There is a short appendix of “problems in interpretation of
bacterial tests,” one of rather questionable value containing
forms for recording purification data, one on the conversion of
certain metric units to English equivalents, one on temperature
corrections for specific gravity of brines, and finally one which is
a 36-page reprint from Public Health Reports and which deals
with drinking-water standards promulgated for common carriers
in interstate commerce.

There is failure in places to balance properly the amount of
subject matter. Some 19 pages are given over to ammonia
determinations and 6 pages to zine, while only passing mention
is given to the subject of carbon dioxide.

The book will be useful in supplementing Standard Methods of
Water Analysis, which is a manual of procedures. As a com-
plete text on the subject of water analysis, it leaves much to be
desired. IeLviLLe C. WHIPPLE
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In the bibliography of the review of ‘‘Benzol (Benzene)
Poisoning,” by Carey P. McCord [Inp. Exa. Caem., 24, 253
(1932)], the publisher’s address should be the Industrial Health
gﬁpsewancy Laboratories, 34 W. Seventh Street, Cincinnati,

10.
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POTENTIOMETRIC TITRATIONS. A THEORETICAL
AND PRACTICAL TREATISE. By I. M. Kolthoff and N.
Howell Furman. 2nd edition, 482 + xiv pages, 73 figures.
John Wiley & Sons, Inc., New York, 1931. Price, $6.00.

TuE general style and scope of the first edition of this work have
been preserved in the new volume, although marked changes in
content are evident. An idea of the difference may be gained
from the fact that the new text contains approximately 40 per
cent more material than its predecessor, although the amount
oi fllmdnmental theory has been noticeably revised and abbrevi-
ated.

The first section, comprising about one-seventh of the text,
is devoted to a discussion of the fundamental principles of poten-
tiometric titrations, including related theory. These are con-
cisely presented with the aid of exemplary tables and figures.

In the following section, generously illustrated, the same
amount of space is devoted to apparatus and technic. Here a
considerable amount of new and useful material has been added,
notably on bimetallic systems, differential titrations, and elec-
tronic-tube applications. In the last-mentioned case, a new and
quite complete, though nonecritical, treatment has been added.
If properly designed apparatus is used, the reviewer cannot agree
to the necessity for observing some of the precautions mentioned
at the end of the chapter. It should be noted, however, that
here the authors quote other workers.

Most of the remainder of the book is devoted to practical appli-
cations and here again a great amount of new subject matter lms
been introduced. Metal electrodes and the glass electrode re-
ceive increased recognition as do many oxidation-reduction
methods. Among the last are determinations based on the use of
ceric, chromous, uranous, nitrite, and fluoride ions.

The work is concluded with an extensive bibliography and
tables of useful constants.

To one interested in this field the text furnishes an enjoyable
and gractical source for reading and reference. The subject mat-
ter throughout is presented in a thorough and useful manner and
should be appreciated by both the student and the practical
chemist. H. M. PARTRIDGE
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DIE CHEMISCHE BETRIEBSKONTROLLE IN DER
ZELLSTOFF- UND PAPIER-INDUSTRIE UND ANDER-
SEN ZELLSTOFF VERABERTENDEN INDUSTRIEN.
By Carl G. von Schwalbe and Rudolf Sieber. 3rd edition, 547
pages. Julius Springer, Berlin, 1931. * Price, 33 marks.

Tais is the third edition of an important handbook of control
methods intended for use in the pulp and paper industx;if. The
first edition appeared in 1919 but was speegily exhausted by the
winter of 1920. The second edition published in 1922 has been
out of print for some time. All chemists interested in the
technical control of the processes related to the manufacture of
pulp and paper, and for cellulose required by the explosive,
celluloid, and artificial-silk industries, will welcome the appear-
ance of the third edition. The material and methods are com-
plete through the first half of 1931.

The third edition contains much of the material to be found in
the second, although the treatment of the sixth chapter of the
second edition on methods for the investigation of pulps has
been divided into two new sections: one deals with investiga-
tion of half stuffs, the other with investigation of bleached pulp.

The fifth chapter of the second edition on bleaching has been
inserted between these two new sections. These sections like-
wise have been further subdivided to differentiate between
wood pulp on the one hand, and jute, hemp, linen, and cotton
pulps (rags) on the other.

Among the sections which have been rather thoroughly
revised are those by Sieber on operations in the boiler house,
on pulp and paper manufacture, and on white water recovery;
and by Schwalbe on raw-fiber half stuffs, bleaching, and bleached

ps.

The inclusion of so many, analytical methods without sufficient
criticism or direction leaves the reader rather bewildered as to
which to select. The reviewer is of the opinion that new,
untried, or unsatisfactory material should, at the most, receive
relatively short notice in a book of this type, leaving for detailed
discussion only those methods which are of proved worth.
;I‘hii is a minor criticism, however of an extremely valuable
hook.

INDUSTRIAL AND ENGINEERING CHEMISTRY

365

The book is well printed and has been greatly improved over
the earlier editions through the use of boldface titles for subject
headings of the various methods. Both paper and binding
are of high grade. ARRY F. LEwWIs
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FLOTATION. ROTH'S SAMMLUNG CHEMIE UND
TECHNIK DER GEGENWART, BAND XIII. By Erwin
W. Mayer and Hubert Schranz. 593 pages, 175 illustrations,
7 tables. S. Hirzel, Leipzig, 1931. Price, paper, 33 marks;
bound, 35 marks.

Tuis volume contains a tremendous collection of valuable
information on the subject of flotation. It is supplemented by a
large number of references to the original literature of forty-nine
different industrial and scientific journals and technical papers.
Moreover the references are up to date, even including publica-
tions of 1931.

A brief historical section introduces the subject. A portion
of the volume is devoted to a description of the various machines
used in connection with the practice of flotation. Then methods
of procedure are taken up in detail, from the general considera-
tion of the fundamentals of the physics and chemistry of inter-
faces, to the influence of various factors on the flotation of
minerals. Some of the factors discussed are pulp density,
fineness of grinding, temperature, pH of the solutions, and re-
agents used for collectors and frothers. Procedures for the
treatment of the important sulfide ores are then given, and the
practice in plants all over the world tabulated. It is unfortunate
that the European policy of secrecy in such matters necessitates
the omission of many data that should otherwise have been
included in a work of this kind. The selective flotation of lead-
zinc sulfides and of various complex sulfide ores is discussed
from the theoretical as well as the practical standpoint. The
possibilities of the floating of a considerable number of non-
sulfide minerals, such as cerussite, malachite, azurite, rhodo-
chrosite, siderite, hematite, phosphate, barite, fluorite, cryolite,
tale, micas, calcite, pyrolusite, chromite, scheelite, kaolin, coal,
and others, are discussed as to methods and commercial appli-
cations.

An appendix with a list of floatable minerals, a list of available
literature on the subject, and an excellent subject and author
index make this volume a veritable mine of valuable information
for either the industrial worker or the theoretical investigator
in the field of flotation. A. BE. KoeniG
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DER KALKSTICKSTOFE IN WISSENSCHAFT, TECH-
NIK UND WIRTSCHAFT. By H. Heinrich Franck, W.
Makkus, and F. Janke. xvi + 213 pages. Ferdinand Enke,
Stuttgart, 1931. Price, paper, 19.20 marks.

Ta1s monograph is No. 6 of the new series of Ahrens’ Sammlung
chemischer und chemisch-technischer Vortrige. The two senior
authors are the directors of the Central Laboratory, and of the
Agricultural Division, respectively, of the Bayerische Stickstoff-
Werke A. G., whose plants at Trostherg and Piesteritz produce
about six-sevenths of Germany’s “lime-nitrogen,”’ and about one-
third of the world’s total. Nevertheless, the subject is treated
in the main from a broad standpoint, and cyanamide in all its
aspects—scientific, industrial, agricultural, and economic—is
a.dlequately summarized for the first time. The treatment is
selective rather than exhaustive, but very numerous references
to the literature are given, many as late as 1931.

The first section (Janke, 134 pages) deals briefly with the dis-
covery and early development of cyanamide, and outlines the
technical details of its production and transformation into other
products; this is followed by an elaborate discussion of the large-
scale development of the industry during and since the War, both
in Germany and throughout the world. The procedures em-

jpl(:fed by every plant are outlined, as are the history, production,
an

financial status of all companies engaged in cyanamide manu-
facture. The numerous and up-to-date tables of German and
world production of fixed nitrogen in its various forms should
prove useful.
The second section (Franck, 38 pages), after a brief résumé of
earlier knowledge of cyanamide chemistry, gives a good summary
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of the recent (in part unpublished) investigations conducted b
the Bayer Company. Several newly patented procedures whic
may prove important in reducing costs are described, and valuable
thermochemical and thermodynamic data are included.

The last section (Makkus, 36 pages) deals with the utilization
of cyanamide in agriculture as fertilizer, pest-eradicator, and
weed-killer. The value of this section for the American reader is
greatly decreased by the almost complete avoidance of the prob-
lem of cyanamide in mixed fertilizers. In any case, Makkus’
discussion is essentially an argument in favor of cyanamide
rather than an unbiased treatment of its behavior in the soil and
the difficulties peculiar to its utilization. ArTEUR F. BENTON

Y

ELECTRICITY. WHAT IT IS AND HOW IT ACTS.
VOLUME II. By Andrew W. Kramer. xiv -+ 290 pages,
13 X 19.5 em. Technical Publishing Company, Chicago,
1931. Price, $2.00.

Tais little book evidently represents a tremendous amount of
work on the part of the author. He tells (and tells well) in
nonmathematical language the various ways in which electrons
are supposed to act, both directly and indirectly.” This causes
him to touch on the subjects of visible light, x-rays, radio, radio-
activity, cosmic rays, magnetism, crystal analysis, and wave
mechanics. Abstruse mathematics is replaced by a series of
analogies which are not taken too seriously by the author.
It would be asking too much to expect such a treatment to
completely satisfy a scientific specialist, but the book is evidently
not written for him. Neither is it written for the casual reader
who has never had any scientific training. It will be a very
inspiring book for high-school teachers of physics, for electrical
engineers who wish to get a taste of modern physics and physical
chemistry, and for college seniors who have taken the customary
sophomore and junior physics courses and now wish to see their
sugject in perspective. For such readers the author has done
wonderfully well. They will forgive him a very occasional
slip (for instance, ‘‘.... sodium chloride, lead sulfide and in
fact most metals. ...””), which they can correct at once as they
read, and will love him for his clarity of style and his knac

of bringing out interrelationships between the topics which
he treats. If a few of its readers gain the incentive to take up
the grind of going to the bottom of the subject (mathematics,
abstractions, and all) the book will have justified all the labor
that has been spent on it. WHEELER P. DAVEY

6V

HANDBUCH DER KUNSTLICHEN PLASTISCHEN MAS-
SEN. By Oskar Kausch. 353 pages. J. F. Lehmans Verlag,
Munich, 1931. Price, 20 marks; bound, 22 marks.

In AppITION to the above title, the author states on the title page
of this book that it is a Systematic Review of Patents on the Prepa-
ration and Properties of Plastic Masses and Their Industrial
Application, and that is exactly what it is.

The book is divided into 14 chapters, each dealing with a dif-
ferent type of plastic material, both natural and synthetic. A
short abstract of each patent is given, and, for the most part, they
are arranged in chronological order so that the development of
each plastic industry can be easily followed. Appended to the
description of the patents is a list of the commercial names of the
plastic masses, their composition, and the manufacturer, as well
as a list of the patent numbers and the countries in which they
were issued. In all, a little more than two thousand patents of
various countries have been abstracted; these are divided as fol-
lows: Germany, 655; Austria, 106; Switzerland, 96; Great
Britain, 351; ance, 262; Belgium, 2; United States, 572.
The book is fairly comprehensive, and for anyone wishing to
find out the patent situation in any given country, it would be
of great help. As a textbook on the chemistry of plastic masses,
it is not of great value.

In general, it is a book which should interest all those engaged
in research work on plastic materials, irrespective of their na-
ture, since it points out practically everything that has been done
in any given line, and should therefore show the way to future
research. It isa book which will doubtless be of value and benefit
to all workers in the plastic field. W. J. KeLLy
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DIE BIERBRAUEREI.
DER BIERBEREITUNG. By Hans Leberle.
642 pages, illustrated. TFerdinand Enke, Stuttgart,
Price, 35.50 marks.

TrE book is a revision of the earlier work published some six
years ago. The author states that the revision was necessary be-
cause of the many new developments in the art of brewing, par-
ticularly in its chemical and biological aspects. Nearly all the
chapters have been rewritten.

Leberle starts the book with 65 pages devoted to the raw ma-
terials of brewing, including malts, grains, water, hops, etc. The
second and main portion, some 560 pages, deals with the manufac-
ture of beer in all its aspects. There are 10 chapters in this di-
vision as follows: Grinding of Malt, Preparation of Wort,
Separation of Wort, Boiling and Hopping, Yield, Cooling of
Wort, Fermentation (theory, practice, and after-treatment),
Racking and Clarifying, Shrinkage, Properties of Beer.

Every subject is treated fully and scientifically, and, taken as
a whole, this is the most up-to-date and complete exposition of
this interesting subject the reviewer has seen. Search failed to
find reference to the manufacture of that peerless American brew,
‘‘Heimgemacht,” but perhaps a resident of Germany feels no
immediate need of that for himself; as for us, “coals to New-
castle.” Joun R. Eorr

6V

DIE ANALYSENMETHODEN DER DUNGEMITTEL.
EIN BUCH DER PRAXIS. By Alfred Suchier. 79 pages,
3 figures. Verlag Chemie, G. m. b. H., Corneliusstrasse 3,
Berlin W. 10, Germany, 1931. Price, 6 marks.

TH1s volume presents the analytical methods that have stood the
test of years of practical application in the central laboratory of
the Verein fiir cEemische und metallurgische Produktion Aussig,
Czechoslovakia’s largest fertilizer-manufacturing concern. It is
divided into five sections, captioned Phosphorus, Nitrogen,
Potash, Mixed Fertilizers, and Lime Fertilizer Materials, re-
spectively. The first three sections, however, are not restricted
to the determinations indicated by their headings but include all
the analytical methods that are applied to the various phosphatic,
nitrogenous, and potassiferous fgrti.lizer materials. Procedures
are given, for example, for the determination of ferric oxide,
alumina, magnesia, carbon dioxide, fluorine, silica, etc., in phos-
phate rock. It is in such methods that the American chemist
will find most interest, since, for the determination of phosphorie
acid, nitrogen, and potash, he confines himself customarily to the
methods prescribed in “Official and Tentative Methods of Analy-
sis of the Association of Official Agricultural Chemists.” A
valuable feature of the book is a final series of tables giving the
averages of the results that have been found for various fertilizer
materials. ALBERT R. MERZ

6eY

CHEMIE UND CHEMISCHE TECHNOLOGIE TIER-~
ISCHER STOFFE. By Georg Grasser. 272 pages. Ferdi-
nand Enke, Stuttgart, 1931. Price, 17 marks, 60 pfennigs.

Tais is the twentieth volume in Enke’s Bibliothek fiir Chemie
und Technik. It bears the subtitle “An Introduction into
Applied Zoo Chemistry.” This is an intriguing, but a too-am-
bitious undertaking to be accomplished in 272 pages, including
an index. Many would wish that in a few hundred pages there
could be condensed the chemistry of the meat-packing industry
relating to tanning, gelatin and glue, fats, oils, oleomargarine,
hormones, enzymes.

The result in the present volume is a very fragmentary treat-
ment of the various subjects. In such fast-moving fields as the
hormones and enzymes, many of the statements are incorrect
(lu' st)averal years behind the date of the foreword (summer,

931).

For the American reader, much of the information on produets
or processes is inapplicable, owing to the specialized control of
the meat-packing industry by the Bureau of Animal Industry.

; Davip KreN
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THESE PRICES UNLESS OTHERWISE SPECIFIED ARE THOSE PREVAILING IN THE NEW YORK MARKET, FEBRUARY 15, FOR COMMERCIAL
GRADES IN CARLOAD QUANTITIES

Nrwer CHEMICALS ﬁoezméa. dx;iu;;s :&: ............ lb. l.é(s)% goéaaht;g&mp,fﬂbls.. wkas...100 lbs. 3.35
cetphenetidin, bbls............. : oda, Bl 9 v el bt 100 1bs. 3.45
ﬁce::]lgalhysdoo. dlru.;n" lo-l., wks.. -ig- ;3% Acid, acetio, 28%. o/l bbls.. 100 lbs * 2,40 Aluminum, metal, N. Y.....100 lbs. =~ 22.90
A“t 1 O % t'lat-ﬂ '}g‘“- e J 56%, o/l., bbls...... ...1001bs.  4.60 Aluminum chloride, anhyd., com-
cel z’h‘;“ °thm° oride, se¢ letra- Glacial, o/l bbls ...100 lbs, 8.10 mercial, wks., drums extra, o/l..1b. .08
s ;:iroo ane Glacial, U. 8. P., o/1., oa,rboyg Aluminum stearate, 100-1b. bbl....1b. .20
abietio SA2ui e e e ...1001bs.  8.85 Aluminum sulfate, comm’l, bags,
.72 Acetylsalicylic, bbls.......... ALY .75 R it 100 Iba. 1.28
.16 Anthranilie, 99-100%, drums. .lb. .85 Iron-free, bags, wks....... 100 1bs. 1.90
.15 Benzoio, tech., bbls............ 1b. .40 Aminoazobenzene, 100-1b, kegs. ..lb. 1.15
5.00 Borio bbls; st Sl Ib. .0814 Ammonia, anhydrous, cyl., wka...lb. 1524
.40 Butyric, 100% basis, cbyn ...... 1b. .80 50,000-1b. tanks, wks.. ..lb. 05625
Butyl carbitol, see Diethylene gly- Chloroacetw, mono-, bbls., wks..Ib. .18 Ammonia, aqua, 26°, tanks Wk!
col monobutyl ether Di-, cbys : 1.00 contained NHj......... 4 L0534
Cellosolve, see Ethylene glycol Tri-, bbls k 2.50 Ammonium acetate, kegs .33
monobutyl ether Chlorosulfonio, drumu. wks.....lb. L0414 Bifluoride, bbls................ .21
Furoate, tech., 50-gal. drums...lb.  1.00 Chromic, 99%, drums......... 1b. 13Y Bromide, 50-1b. boxes......... b. .35
Carbitol, see Diethylene glycol Cinnamie, bottles............. 1b. 3.25 Carbqnate. teoh., casks........ 1b. .08
monoethyl ether Citric, U. 8. P., cryst., bbls... . ..lb. .33% Chloride, gray, bbls.......100 lbs 5.25
Cellosolve, sec Ethylene glyocol Creey.ho, pale, drums ......... .49 L.ump. casks..... esaeriseaslbs .10%
monoethyl ether Formic, 90%, cbys., N. Y...... .10y Io.d-!de, 28-1bijars. o i 1b. 5.20
Acetate, see Ethylene glyool Gallic, U. S. P., bbls........... 1b 74 Nitrate, tech., cryst., bbls. .1b. .08
monoethyl ether acetate Glycerophosphoric, 25%, 1-Ib. Oxalate, kegs........... +..lb. .22
Crotonaldehydes b0 gal fdrams. . Ib: 32 botiiatnatansie st o Ib. 1.40 Persulfate, cases.............. 1b. .26
Dichloroethyl ether, 50-gal. drums.Ib. .06 H, bbls., whks, (ool t 0o .65 Phosphate, dibasic, tech., bbls..1b. 10%
Diethylene glycol, drums........ Ib. .14 Hydriodic, 10%, U. S. P., 5-Ib. Sulfate, bulk, wks......... 1001bs.  1.10

Monobutyl ether, drums....... 1b. 24 hot 2Rl e .87 Amyl acetate, tech., from pentane,

Monoethyl ether, drums....... Ib. .15 Hydrobromic, 48%, cbys., wka.. b, .45 Ctanks..........o..l, eoeselb, 175
Diethylene oxide, 50-gal. drums. . .lb. .50 Hydrochlorie, 20°, tanks, wks. Aniline oil, drums............... 1b. L1414
Diczantsee Disthylene oxideliane T s 0 w0 o il e e 100 1bs. 1.35 Anthracene, 80-85%, casks, wks..lb. .60
Diphenyl.......cccveeen. AT .30 Hydrofluoric, 30%, bbls., wks...lb. .08 Anthraquinone, subl., bbls......... Ib. -50
Ethyl acetoacetate, 50-gal. drums.lb. .85 60%, bbls., wks............. Ib. -13 Antimony, metal...eco o e ceonss Ib. -083¢
Carbonate, 90%, 50-gal. drums..gal.  1.85 Hydrofluosilic, 35%, bbls., wks..lb. ol Antimony chloride, drums.......lb. .13

Chlorocarbonate, carboys. ... .. 1b. .30 Hypophosphorus, 30%, U. 8. P., Oxide, bbls........... ...lb. .08%4

Ether, absolute, 50-gal. drums. .1b. .50 S-gal, demis. ) s o it 1b. .85 Salt, dom.'. Bl s vaslb. 22

Furoate, 1-1b. ting............. 1b. 5.00 Lactic, 22%, dark, bbls........ 1b. .04 Sulfide, crimson, bbls..........lb. .25
Ethylene ohlorhydrin, 40%, 10- :18%. light, bbls., wks........ 1b. .11 Golde.n‘. bbler S i 1b. .18

gal: obys i sy 1b 75 Mixed, tanks, wks.........N unit .07 Vermilion, bbls......... SEALYS .38
Dichloride, 50-gal. drums...... 1b. .05 S unit .08 . Argols, red powder, bbls.......... 1b. .07
Glycol, 50-gal. drums.......... Ib. .25 Molybdic, 85%, kegs.......... b i 1:25 Arsenio, metal, kegs....... A 1b. .30

Monobutyl ether, drums, wks.lb. .24 Naphthionic, tech., bbls........lb. nom Red, kegs, cases.......oo0u..n 1b. .093%

Monoethyl ether, drums, wks.lb. 17 Nitric, c. 2., cby8.. ceovivien.. 1b. .11 White, o/l., kegs............. 1b, .04

Monoethyl ether acetate, Nitrie, 36°, ¢/1., cbys., wks. Asbestine, bulk, o/l........0vv.. ton 15.00

drums, WKS......cnueensss 1 SoTc 0 5.00 Bmum carbonate, bbls., bagl.

Monomethyl ether, drums. . .1b. .21 Oxalio, bbls., wks 2 A1 whkae......., 56.50

Oxide,oylisot i iat v s, Ib. 2.00 Phosphorie, 50%, U. 8. P...... 1b. .14 CMOrldE. bbls., wks, .03%

Furfuramide(tech.),100-1b. drums.lb. .30 Pioramio, bbls:it s il TEiiitl ; .65 Dioxide, drs., WkS.... -1+ .12
Furfuryl acetate, 1-1b. tins....... 1b. 5.00 Picric, bbls., ¢/1 .30 Hydroxide, bbls............. b, 0534

Aloohol, tech., 100-1b. drums. . ..1b. 50 Pyrogallio:iois i Te e . 1250 Nitrate, casks................ 1b. 074

Furoio acid (teuh.), 100:1bdstas 16 .50 Salicylio, tech., bbls........... 1b. .33 Barium thiocyanate, 400-1b. bbls..1b. .27
Glyceryl phthallate............. 1b. .26 Steario, d. p., bbls., c/l......... 1b, .08 Barytes, floated, 350-1b. bbls., wks.
Glycol 8tearate.....ceeeuvennsss 1b. .18 Sulfanilic, 250-1b. bbls......... 1b. 434 seserecsiseniineriiaiaaaan ton  23.00
Isopropyl ether, drums.......... 1b. .10 Sulfuric, 66°, ¢/l., cbys., wks. Benzaldehyde, tech., drums...... Ib. .60
Lead dithiofuroate, 100-lb. drums.lb. ~ 1.00  eeceiiiiiiiiiioi... 1.60 F.F. C., cbys........ ceereenes b,  1.40
Magnesium peroxide, 100-lb. cs...lb.  1.15 66°, tanks, wks.. 15.00 U.8. P, cbys...... 1.15
Methyl acetate, drums.......... gal. 1.20 60°, tanks, wks 10.50 Benzidine base, bbls.. .85

Cellosolve, see Ethylene glycol Oleum, 20%, tanks, wks.....ton 18.50 Benzol, tanks, wks.............. . .20

monomethyl ether 40%, tanks, wks.......... ton 42.00 Benzoyl chloride, cbys........... 1b. 1.00

Furoate, tech., 50-gal. drums. . .lb. .50 Sulfurous, U. 8. P., 6%, cbys....lb. .05 Benzyl acetate, F. F. C., bottles.. .lb. .75
Paraldehyde, 110-55 gal. drums. .Ib. .20% Tannic, tech., bbls............. 1b. .23 Alcohol, 5-liter bot............lb, 1.20
Phosphorus oxychloride, 175 oyl.. .20 Tartaric, U. 8. P., cryst., bbls...1b. .24% Chloride, tech., drums. ..., St b .30
Propyl furoate, 1-lb. tins......... lb 2.50 Tungstic, kegs........cvveunn. 1b. 1.40 Beta-naphthol, bbls.............. 1b. S22
Strontium peroxide, 100-1b. drums.lb. 1.25 Valeric, ¢. »., 10-1b. bot........ 1b. 2.50 Bgta-naphthylarmne, bbls.: e s, 1b. .58
Sulfuryl ohloride, 600-lb. drums, Aleohol, U. 8. P 190 proof, bbls..gal. 2.57 B}smuth, E'{Btﬂl: CBBES.....000s ..lb, 1.00

crude........ ik s e Ib. .15 Amyl, from pentane, tanks. ... ..Ib. .203 Bismuth, nitrate, 25-Ib. jars .95

Distilled........ R rir ..lb. .40 Amyl, Imp. drums........... gal. 1.75 Oxychloride, boxes........ 2.95
Tetrachloroethane, 50-gal. drtisias ] 1b. .09 Butyl, drums, ¢/l., wks........ 1b. .148 Subnitrate, U. 5. P. 1.20
Trichloroethylene, 50-gal. drums. .lb. .10 Cologne spirit, bbls........... gal. 2.60 Blane fixe, dry, bbls............. 70.00
Triethanolamine, 50-gal. drums. . .lb. .40 Denatured, No. 5, comp. denat., Bleaching powder, drums, wks.
Trihydroxyethylamine linoleate. . .1b. .40 o/l druma 7 B A gal. YR e e ey PSS 100 Ibe. 2.00
Trihydroxyethylamine stearate. . .1b. .35 Isoamyl, drums.............. gal.  4.00 Bone Mh kegs..... eesineels Frire LY. .08
Vinyl chloride, 16-1b. oyl...... eelbs 1,00 Isobutyl, ref., drums......... gal.  1.00 Bone black, bbls................ Ib. .08%
Zino dithiofuroate, 100-1b. drums..lb.  1.00 Isopropyl, ref., drums........ gal. .80 Borax, bags..........oooeennin Ib. 0234

Perborate, 100-Ib. drums....... Ib.: o 1.28 Propyl, ref., drums........... gal.  1.00 Bordeaux mixture, bbls.......... Ib. L1134

Peroxide, 100-1b. drums........ .. 1525 Wood, sec Methanol : Bromine, bot................ ++.1b .38

Alpha-naphthol, bbls............ .57 Bromobenzene, drums........... 1b. .50
Alpha-naphthylamine, bbls. .32 Bromoform, jars............. St 1.80

L O S OTED Alum, smmonis, lump, bbls., wks, Butyl acetate, drums, o/l......... b, 159
Acetanilide, U. 8. P., powd., bbls..lb. R R e A e e 100 1bs. 3.30 Cadmium bromide, 50-1b. jars....lb. 1.40
sl Chrome, casks, wks.......100 lbs. 5.00 Cadmium, metal, cases,..,.000..1b; .55

Acetio anhydride, 92-95%, cbys...1b:

* Contract price.
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Cadmium sulfide, boxes.......... 1b.
Cafleine, U. 8. P., 5-1b. cans......lb.
Caleium acetate, bags....... 100 lbs.
Arsenate, bbls.. ... ... o000l 1b.
Carbide,idrums isisiesviocivys 1b.
Chloride, drums, wks., flake...ton
Cyanide, 100-l1b. drums........ 1b.
Nitrate, bagsitiiteove e ton
Phosphate, monobas., bbls..... 1b.
T ribas.; b8 e ey 1b.
Calcium carbonate, tech., bags,
...................... 100 lbs.
U. 8. P., precip., 175-1b. bbl....lb.
Camphor, Jap., ca8es............ 1b.
Carbazole, bbls............ ... 1b.
Carbon, activated, drums........ 1b.
Carbon bisulfide, drums......... 1b.
Carbon black, cases............. 1b.
Carbon dioxide, liq. eyl.......... 1b.

Carbon tetrachloride, drums......lb.
Casein, stand. gr., bbls...........lb.

Cellulose acetate, bbls.,......... 1b.
Cerium oxalate, kegs............ 1b.
Charcoal, willow, powd., bbls..... 1b.
China olay, bulk..........c.uue ton
Chloral hydrate, drums.. ........ 1b.
Chlorine, lig., /1, eyl.e.o.ovvenns 1b.
Chlorine, tanks.........c..n. 100 Ibs.
Chlorobenzene, mono-, drums....lb.
Chloroform, tech., drums........ 1b.
Chromium acetate, 20° soln., bbls. Ib.
Coal tar, bbls., wks........ov0e gal.
Cobalt, metal, kegs............. 1b.
Cobalt oxide, bbls............... 1b.
Cod-liver oil, bbls.............. bbl.
Copperas, ¢/l.,, bulk............ ton
Copper, metal, elec.......... 100 1bs.

Copper carbonate, bbls., 52/54%. lb
Chloride, bbls......c.ovvvenn.

Cyanide, drums.......ovvinnnn lb,
Oxide, red, bbls............... 1b.
Sulfate, o/1., bbls......... 100 1bs.

Cotton, soluble, bbls.
Cream tartar, bbls..
Cyanamide, bulk, N. Y.

............... Ammonia unit
Dmmmophenol kegs..oeann sesaeibl
Dianisidine, bbls.........i00un.t 1b.
Dibutylphthalate, drums, wks.....lb.
Diethylaniline, drums........... 1b.
Diethylene glycol, drums........ 1b.
Diethyl phthalate, drums........ 1b.
Diethyl sulfate, tech., drums..... 1b.
Dimethylaniline, drums.......... 1b.
Dimethylsulfate, drums.......... 1b.
Dinitrobenzene, drums.......... 1b.
Dinitrochlorobenszene, bbls....... 1b.

Dinitronaphthalene, bbls... .. ....lb.
Dinitrophenol, bbls..............lb.

Diphenylamine, bbls............. 1b.
Diphenylguanidine, bbls.......... 1b.
Epsom salt, tech., bbls., ¢/l.,, N. Y.

........................ 100 Ibs.
Ether, nitrous, bot..............
Ether, U. 8. P.,, drums...........
Ethyl acetate, tanks, o/l

Bromide, drums........o.ua..

Chloride, drums..............
Methyl ketone, drums .
Ethylbenzylaniline, 300-1b. drums.1b.

Ethylene dichloride............. Ib.
Chlorohydrin, anhyd., drums. . .1b.
Glyocol, o/l., wka..ooooiatiao.. 1b.

Feldapar, bulk, o o oriiioieiis ton

Ferrio chloride, tech., bbls........ 1b.

Ferrous chloride, cryst., bbls...... 1b.

Ferrous sulfide, bbls......... 100 Ibs.

Fluorspar, 98%, bags..
Formaldehyde, bbls.. 5
Formaniline, drums............. 1b.
Fuller's earth, bags, o/l., mines..ton
Furfural drums, tech., contraoct,

WOXKB L < e ain i ate nlaig deres o0 1b.
Glauber’s salt, bbls.......... 100 1bs.
Gluoose, 70°, bags, dry...... 100 1bs.
Glycerine, c. P, drums........... 1b.
G/malt; bbls s s 1b
Hexamethylenetetramine, tech.,

T Y S S b.
Hydrogen peroxide, 25 vol., bbls..1b.
Hydroquinone, kegs............. 1b.

.60
2.40
2.00

.05}

L0534

21.00
.30
35.00
. .08
.11

1.00
0624
.49
.75
.08
.05

2 50
1.35
30.00
14.50
6.25
.16%4
.39
L1614
2.75
.40
19Y%

9744
3.80
2.35

.224/,

120

Indigo, 209, paste, bbls......... 1b.
Iodine, crude, 200-1b. kgs......... 1b.
Iodine, resubl., jars............. 1b.
Todoform; bot st sees sieissiosacash

Iridium, metal. ...
Kieselguhr, bags

Lead, metal, N. Y.......... 100 1bs.
Lead acetate, bbls., white........ 1b.
Arsenate, bbls........ e aaa 1b.
Oxide, litharge, bbls........... 1b.
Peroxide, drums.............. 1b.
Redy bblsl it e, s aes 1b.
Sulfate; bbls: ittt vt es 1b.
White, basic carb., bbls........ 1b.
Lime, hydrated, bbls........ 100 lbs.
Lime, live, chemical, bbls., wks.
........................ 100 1bs.
Limestone, ground, bags, wks.. ..ton
Lithopone, bbls........covvuunsn 1b.
Magnesite, orude......oovevnis ton
Caleined, 500-1b. bbls., wks.. ..ton
Magnesium, metal, wks.......... 1b.
Magnesium carbonate, bags. ... ..lb.
Chloride, drums....... S otaaien e ton
Fluosilicate, oryst., bbls........lb.
Oxide, U. 8. P., light, bbls...... 1b.
Manganese chloride, casks........ 1b.
Dioxide, 80%, bbls........... ton
Sulfate, casks........ceeianne 1b.
Mercury bichloride, cryst., 50 lbs. 1b.
Meroury, flasks, 76 1bs......... flask
Meta-nitroaniline, bbls........... 1b.

Meta-phenylenediamine, bbls... ..lb.
Meta-toluylenediamine, bbls......lb.
Methanol, pure, synthetic, drums,

W L s viers e e eai v o olols ...gal
L anks) Wk o oRR o delstes o gal
Methyl acetone, drums......... gal
Salicylate, cases.......coouuan 1b.
Methyl ohloride, cylinders....... 1b.
Michler's ketone, bbls............ 1b.
Naphtha, solvent, tanks........ gal.
Naphthalene, flake, bbls.......... 1b.
Niokel,metal s o0 oovat. 1b.
Nickel salt, single, bbls........... 1b.
Double, bbls. i i i o dedve s, 1b.
Niter cake, bulk............... ton
Nitrobenzene, drums............ 1b.
Ofl leastor, No 13 @nteivisvie, 1b.
China wood, bbls........cvvus. Ib.
Coconut, Ceylon, tanks........

Cod, N. F., tanks.........u..
Corn, crude, tanks, mills
Cottonseed, crude, tanks.......
Lard, edible, bbls.............
Linseed, bblatir tiitie e tiies
Menhaden, crude, tanks......

Neat's-foot, pure, bbls
Oleo, No. 1, bbls......
Olive oil, denat., bbls..

Palm, Lagos, casks............
Peanut, crude, bbls............

Whale, bbls., natural, winter.. ., gal.
Ortho-s.mmophenol kegs... E21b:
Ortho-dichlorobenzene, d.rums. e ribs
Ortho-nitrochlorobenzene, drums.lb,

Ortho-nitrophenol, bbls.......... 1b.
Ortho-nitrotoluene, drums....... 1b.
Ortho-toluidine, bbls............. 1b.
Palladium, metal. .............. oz.
Para-aminophenol, kegs. ......... 1b.
Para-dichlorobenzene............ 1b.
Para-formaldehyde, cases........ 1b.
Paraldehyde, tech., drums....... 1b.
Para-nitraniline, drums.......... 1b.
Para-nitrochlorobenzene, drums...lb.
Para-nitrophenol, bbls........... 1b.
Para-nitrosodimethylaniline, bbls..1b.
Para-nitrotoluene, bbls........... 1b.
Para-phenylenediamine, bbls...... 1b.
Para-toluidine, bbls..............lb.
Paris Green, 250-1b. kegs......... 1b.
Phenoldrims et va i vosabs 1b.
Phenolphthalein, drums.......... 1b.

Phenylethyl aleohol, 1-1b. bot....lb.
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.12
4.20
4.65
6.00

—
o
o

32.00
40.00

36.00

80.00

11.50

19.00

[
-
o

Phosphorus, red, cases........... Ib.
Phosphorus trichloride, oyl....... 1b.
Phthalic anhydride, bbls......... 1b.
Platinum, metal.........o0vun..
Potash, caustio, drums...

Potassium acetate, kegs. il
Bicarbonate, casks............
Bichromate, casks......,......
Binoxalate, bbls...............
Bromate,i C8it it cets slales ol lo 0
Carbonate, 80-85%, cale., casks, lb
Chlorate, kegs.cvss oeassicsssins 1b.
Chloride...... <l ston
Cyanide, cases... e 1D;
Meta-bisulfite, bbls.e.....vuu.n 1b.
Permanganate, drums.........
Prussiate, red, casks...........

Yellow, casks,........
Titanium oxalate, bbls.......

Pyridine, drums. ..............

Resorcinol, tech., kegs........... 2

Rochelle salt, bbls., U. 8. P...... 1b.

Risalty bbls st Saiae s Cianisa e

Saccharin, cans..

Salt cake, bulk

Saltpeter, gran., bbls.............lb.

Silica, ref., bags.......... ceeeoton

Silver nitrate, 16-0z. bot......... oz.

Soda ash, 58%, light, bags, con-
traot, Wkl ot caien e sieianle 100 lbs

Soda, caustic, 76 %, solid, drums,
oontraot, wks............. 100 lbs.

Sodium acetate, bbls........ eseeslbs
Benzoate, bbls..... SR as1D)

Bicarbonate, bbls.. ..
Bichromate, casks... SioTes
Bisulfite, bbls.............

Bromide, bbls.,

Cyanide, cases.

Fluoride,tbblsc s it e ees
Metallio, drums, 12%-lb bricks. lb
Naphthionate, bbls............ b
Nitrate, orude, 200-lb. bags,
N Y g ro e ls cete s s e e ialy 100 1bs.
Nitrite, bbls:toeses ot onis 1b.
Perborate, bbls................ 1b.
Peroxide, 0a8es.....ccouiiiiaan 1b.
Phosphate, trisodium..... 100 lbs.
Picramate, kegs............ Yas1Dg
Prussiate, bbls............. eslb;

Silicate, drums, tanks, 40°.100 lbs.
Silicofluoride, bbls.............lb.

Stannate, drums..... S Y 1b.
Sulfate, anhyd., bbls...........lb.
Sulfide, cryst., bbls......... seslb:
Bolid;'80% s s+ coaze varis s 1b
Sulfocyanide, bbls............. 1b.
Thiosulfate, reg., cryst., bbls.. . .lb.
Tungstate, kegs...covuivieaanas .1b.
Strontium carbonate, tech., bbls..lb.
Nitrate, Dblas i e e cenastesee
Sulfur, bulk, mines, wks.
Sulfur chloride, red, drums. ...... Ib.
Yellow, drumsys s e iii ot e s 1b.
Sulfur dioxide, commercial, oyl....lb.
Sulfuryl chloride, drums......... 1b.
Thiocarbanilid, bbls............. 1b.
L R e SRS I R A e o] 1b
Tin tetraohlonde, anhydrous,
ums, bbls........, A L
Oxide; bbls S e s datoi shlias b
Titanium dioxide, bbls WkS..i..s b
Toluene, tanks....coaeevevinnss gal.
Tribromophenol, cases........... 1b.
Triphenylguanidine, drums....... 1b.
Triphenyl phosphate, bbls........ 1b.
Tungsten, powder...coveveaneeas 1b.
Urea, pure, 08868, 41 vessossnsnns 1b.
Whiting, bags......cevieee. 100 lbs.
Xylene, 10°, tanks, wks......... gal.
Xylidine, drums......ccoineennn. 1b.
Zinc, metal, E. St. Louis..... 100 lbs.

Zinc ammonium chloride, bbls... . .lb.
Chloride, granulated, drums....lb.
Oxide, Amer., bbls.............lb.

Yol. 24, No. 3
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Make better fuel oil and less of 1t—
that’'s the way to get a better price for it

The way to do that is to Dubbs crack
straight-run fuel oil

Dubbs cracking gives you a big yield
of anti-knock gasoline —octane number
as high as you need—plus fuel oil that
meets the strictest specifications in the
world (U.S. Navy)

And Dubbs operating costs are low

To make prize products from cheap
charging stocks at low cost is to make
profits

Dubbs Cracking Process

b

Universal Oil Products Co
Chicago Illinois

Owner and Licensor
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For Higher Liquid Purities
USE DARCO!

DARCO effectively removes from liquids and
solutions, final traces of impurities that can-
not be eliminated by filtration, distillation,
crystallization, etc.

Try DARCO on your process liquids and
note the ease and simplicity with which higher
purities may be attained. The cost is surpris-
ingly low.

A liberal sample is yours for the asking.

This Trade-Mark § On Every Carton

LABOUR Can Help You
Handle the Tough Ones DARCO SALES CORPORATION

45 East 42nd Street
New York, N. Y.

«IT GOES FURTHER?”

Whether your problems involve sulphuric

. Telephone: Cable Address
acid, formaldehyde, or others of the many VAnderbilt 3-1592 DARCOSALE, New York
corrosive liquids used in modern process
work, you will find that LaBour can help you.
LaBour products are not only built of special
alloys or other materials best suited for the
work in hand, but have been designed with
the requirements of chemical service ever in
mind. Pumps and acid valves bearing the
LaBour name are recognized as highly de-
pendable wherever they are usec
are used in hundreds of chemical plants,
under the eyes of the most expert technicians
in the country.

o i\ ,
‘ MANUFACTURING gHt—:MlSTs 7
: ESTABLDSHED 1849 ; NSO

If you are not already acquainted with the 81 Maibenilane e o & e 444W G"““DA""'
LaBour line we sincerely believe it will be BN ore | ey
to your advanlage to investigate. Our ex- UN[FORMITY THE ESSENCE OF QUAUTY
perience in the handling of liquids in the
process industries is at your service.

SPECIALTIES

THE LABOUR COMPANY, INC.

Citric Acid Iodine Resublimed
Tartaric Acid Calomel
301 STERLING AVE. Cream Tartar Corrosive Sublimate
Rochelle Salt Red Precipitate
ELKHART, INDIANA Tartar Emetic Potassium Citrate

Bismuth Subnitrate Sodium Citrate
Bismuth Subcarbonate Strychnine & its Salts
Potassium Iodide Cinchophen

A o U R U M PS Phenolphthalein Chloroform

NEVER LAY DOWN ON THE JOB

— e
e Pt
S ——
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LOWER YOUR PACKING COST
INSTALL A VIBROX

FURNISHED COMPLETE WITH MOTOR
AND TEXROPE DRIVE

The VIBROX Packer will reduce your packing
cost. With this packer none of the operator’s time
is required to jiggle or shake the material down into
the barrel. It iseasy to install and easy to operate.
The operator has nothing to do except place

empty containers on the platform and remove
them when filled.

WRITE FOR CIRCULAR V-21

MIXING, SIFTING and PACKING E EQUIPMENT
415-423 S. CLINTON ST. CHICAGO

“Three Elephant’

BORAX
BORIC ACID

PURITY GUARANTEED OVER 99.5%

STOCKS CARRIED BY THE FOLLOWING DISTRIBUTORS:

A. Daigger & Co. . 3 . Chicago, Il
Detroit Soda Products Co. \Vyandotte Mich.
Arnold, Hoffman & Co. Phl]adelphxa and Providence
Thompson Hayward Chemical Co.

St. Louis and Kansas City
Marble Nye Co. . Boston 'md Worcester, Mass.
Innis, Speiden & Co.

2 New York
St. Lawrence Trading Company, Lid.'
Montreal, Toronto, Vancouver

“TRONA”
MURIATE OF POTASH

AMERICAN POTASH & CHEMICAL CORP.
233 BROADWAY, NEW YORK

INDUSTRIAL AND ENGINEERING CHEMISTRY 37

A new
indicator for

titrating

IRON
CHROMIUM
VANADIUM

R 3104
BARIUM DIPHENYL-
L AMINE SULFONATE

THE barium salt of diphenyl-
amine sulfonic acid recently
was described by Sarver and
Kolthoff in J. A. C. S. 53, 2902-9
(1931). It is recommended as an
indicator for the titration of
iron, chromium, and vana-
dium, since its color change is
very sharp and completely re-
versible. Unlike diphenyl-
amine, it can be used in the
presence of tungsten, making
it particularly valuable in the
analysis of alloy steels.

Eastman Barium Diphenyl-
amine Sulfonate, in the requi-
site high degree of purity, is
listed in the new 1932 catalog

of Eastman Organic Chemicals
as No. 3104—10 grams, $2.50.

EASTMAN
KODAK COMPANY

Chemical Sales Dept. Rochester, N. Y.

e |
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THE KINETICS OF
HOMOGENEOUS GAS REACTIONS

CHAPTER CONTENTS

INTRODUCTION

11,

123

PART I.—Theory

Elementary Reactions and Their Energy of Activation

The types of elementary reactions. Order and mechanism,
Statistical mechanical interpretation of temperature coefficients.

Statistical Mechanical Interlude

The Maxwell-Boltzmann distribution law.  Distribution of
velocities. Numbers of collisions. Applications to quantized
systems. Microscopic reversibility. Distribution law for groups
of harmonic oscillators.

Bimolecular Reactions

Bimolecular associations. Bimolecular metatheses involving free
atoms; applications of quantum mechanics. Other bimolecular
metatheses.

Trimolecular Reactions

The intermediate compound theory, The number of triple
collisions in a perfect gas. Triple collisions in a real gas. Triple
collisions v8. intermediate compounds.

Unimolecular Reactions

General form of the theory of collisional activation. Detailed
development of a single form. Variant forms. Quantum mechan-
ical interpretations: the radioactive analogy; the Auger effect
analogy. The effect of inert gases.

Complex Reactions

Complex mechanisms that do not involve a chain. Non-branching
chains. Branching chains.

PART II.—Experiment

Experimental Methods of Reaction Rate Measurement

General methods. Homogeneity. Order of a reaction. Tempera-
ture of coefficient. Methods of calculation and accuracy.

Second Order Reactions

Review of the theory. The occurrence of second order associa-
tions, Reactions of atomic hydrogen, oxygen, sodium, potassium,
halogens. Decomposition of hydrogen iodide, Synthesis of
hydrogen iodide. Decomposition of nitrogen dioxide. Decom-
position of nitrosyl chloride. Formation of hydrogen sulfide,
Formation and decomposition of nitric oxide.” Homogeneous
catalyses.

Third Order Reactions

The oxidation of nitric oxide. The reaction of nitric oxide with
chlorine, The reaction of nitric oxide with bromine. The reduc-
tion of nitric oxide by hydrogen. The rate of recombination of
atomic bromine; of atomic chlorine; of atomic hydrogen. The
rate of formation of sodium dioxide.

First Order Reactions

Review of the theory. The decomposition of nitrogen pentoxide.
The decomposition of azo compounds: azomethane, azoisopro-
pane, methylisopropyl diimide, dimethyltriazene. The decompo-
sitions of dimethyl,  methylethyl, methylpropyl, diethyl, diiso-
propyl and dipropyl ethers., The rearrangement of pinene. The
decomposition of nitryl chloride, The decomposition of nitrous
oxide. The decompositions of propionic aldehyde, acetone, satu-
rated hydrocarbons and alkyl amines. The isomerization of
dimethyl maleate. First order heterogeneous reactions.

Complex Reactions—Part I

The formation of hydrogen bromide. The decomposition of
ozone, including the catalytic action of nitrogen pentoxide and of
chlorine. The reactions between ozone and bromine. The re-
actions between hydrogen and chlorine, including the catalytic
action of water vapor, and the negative catalysis by oxygen and
other substances. The methods of highly dilute flames, and of
diffusion flames, and applications. The decomposition of ethylene
oxide. The oxidation of hydrocarbons and aldehydes. The
oxidation of ethylene. Polymerization reactions. The decomposi-
tion of acetaldehyde.

Complex Reactions—Part II—Branching Chains

The oxidation of phosphorus vapor. The oxidation of phosphine.
The reactions of hydrogen and oxygen, and the sensitization by
nitrogen d!oxxde and by free atoms; the Alyea interpretation.
‘The oxidation of carbon disulfide.

APPENDIXES—The Radiation Hypothesis Heats of Dissociation

THE CHEMICAL CATALOG COMPANY, Inc.

419 FOURTH AVENUE

by E®UIST S KGASISIELE Phe D

Associate Physical Chemist, U. S. Bureau of Mines
Experiment Station

A. C. S. MONOGRAPH NO. 57

330 Pages $6.50

HOMOGENEOUS GAS REACTIONS have attracted the
attention of an increasing number of workers during
the last few years, largely because they appear to be
the most fertile field for the development of a really
fundamental understanding of reaction kinetics.

Until now, however, there has been no book avail-
able devoted to a complete and critical discussion of
this field. This monograph is designed to fill the need
for such a book.

In the arrangement of material; the requirements
of all classes of readers have been kept in mind. Theory
and experiment are presented separately; in the
experimental part, in particular, every effort has been
made to provide in non-mathematical language a
statement of all the essential features of the theoretical
developments.

The recent work on chain reactions is treated in
great detail. Reactions for which the chains start or
stop at the walls, but are propagated in the gas phase,
are included.

A considerable amount of photochemical work is
discussed, since in many cases the combination of
thermal and photochemical data permits much clearer
interpretation than would otherwise be possible.

In the theoretical treatment there is included a
rather detailed discussion of the applications which
have been made of the new quantum mechanics; this
treatment is designed to be understandable by chemists
whose knowledge of the recent developments in physics
1s quite meager.

NEW YORK, U. S. A.
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Weather-

~ Ometer

IF YOUR products are subject to
weather exposure they should
have more thorough testing than is
possible with variable outdoor tests.

Use the scientiic WEATHER-
OMETER instead—the accepted
“yard-stick” for weather-testing.
This device enables you to duplicate
in the laboratory ordinary outdoor
weather exposure. Gives accurate,
dependable results in days where

outdoor tests take years. Another Atlas manu-

factures the

thing: Any WEATHER-OMETER F ADE-O-
test can be exactly duplicated at i\ju}Ngiéﬁ-'
any time or at any place. ORI

LAMPS for
irradiating
food stuffs.

Bulletin IC-3 contains many facts about the
WEATHER-OMETER. Send for copy now!

ATLAS ELECTRIC DEVICES CO.
361 W. SUPERIOR ST. CHICAGO, ILL.
NEW YORK  BOSTON . LONDON

= il

183 MADISON AVE., NEW YORK, N. Y.
Branches in Principal Cities

NEWARK’S newest!

Removable, protected bottom

strainer.

Chemists, engineers and op-
erating men who have tried
this new strainer are enthusi-
astic about it. They like the
“quickly removable bottom”’
—a time saver. They can
accomplish more per screen.
The cloth is easily cleaned.
One frame and a wide variety
of cloths will take care of as
many uses. The lower rim
rotects the wire cloth
ottom.

Whatever your problems may be
in the wire cloth line, put them
up to us. We make wire cloth
and wire cloth products for all
industries, which, of course, in-
cludes the great chemical industry.
Expert advice is cordially given
on all separation, filtration and
kindred problems.

We will be glad to have you check
over the list at the right which
includes our principal products
used in chemical laboratories and
plants. Mail to us and your
request will be given prompt at-
tention.

“NEWARK” Cloths are pro-
duced in every weave; every
mesh; every length; every width;
and of every malleable metal—
monel, aluminum, brass, copper,
bronze, phosphor bronze, nickel,
plain steel, manganese steel, stain-
less steel, silver, gold, platinum,
“Nichrome,” tinned  metals,
special alloys, etc.

NEWARK WIRE
CLOTH COMPANY

354-368 Verona Ave.,
Newark, N. J.

West Coast Representatives:

The Pacific Metals Co. Ltd.,'Los
Angeles and San Francisco, Calif,

Ao le
a0

S

Newark Wire Cloth Co.
354-368 Verona Ave.
Newark, N. J.

I am particularly inter-
ested in the following:—

[0 Removable Protected
Bottom Strainers;

0O The ‘“‘Newark” Cor-
nerless Testing sieve—
—U. S.—A. S, T. M.
standard;

0O The finest wire cloth
in the world—400
mesh—160,000 square
openings per sq. in.;

0 *Newark”  Metallic
Filter Cloth;
[ Gasketed Metallic

Filtered Cloth;

0O Double Crimped
Heavy Steel Wire
een;

0O Centrifugal Cloths;]

0 Steel Wire Cloth;

0O Stainless Steel Cloth:
O Monel Metal Cloth;
O “Nichrome” Cloth;

O Bolting Cloth;

0O Bran Duster Wire
Cloth;

O Dutch Cloths;

O Tinned Milled Screen
Cloth;

O Brass, Copper and
Bronze Cloth;

OCoal and Sand
eens;

[0 Market Crade Brass
and Copper Wire
Cloth;

[0 Extra Fine Phosphor
Bronze Wire Cloth:

[0 Foundry Riddles;
[ Fruit Testing Sieves.

et te i ae e

Name
Firm
City
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Every industrial chemist, chemical engineer, and
metallurgist will find useful information in the
Sollowing A. C. S. Monographs.

PROTECTIVE METALLIC
COATINGS

By HENRY S. RAWDON
277 Pages Illustrated " Price $4.25

An up-to-date survey of the field of corrosion
prevention, or retardation, particularly of iron
and steel, especially useful to the engineer,
manufacturer, metallurgist and chemist. The
various coating methods—hot-dipping, cementa-
tion, metal spraying, electroplating, alloying,
chemical treatment, etc.—are described in detail,
as are the coatings produced by these methods us-
ing zinc, tin, copper, nickel, chromium, and other
metals. Methods of testing such coatings are
given and an extensive bibliography is appended.

BEARING METALS
AND BEARINGS

By W. M. CORSE
383 Pages Illustrated Price $5.25

A practical study of the fundamental principles
and practices involved in the selection o? bearings
and bearing metals, together with a bibliography
of reference literature from 1900-1928 inclusive.

TIN

ITS MINING, PRODUCTION
TECHNOLOGY, AND

APPLICATIONS
By C. L. MANTELL, Pu.D.
366 Pages Illustrated Price $5.25

A comprehensive survey of the various phases of
the production of tin from its ores to its commer-
cial application. The history, physical and chem-
ical properties, and the production, distribution,
and consumption of the metal have been pre-
sented and discussed from the viewpoint of the
chemist, the metallurgist, and the chemical engi-
neer rather than from the viewpoint of the mining
engineer or the mechanical engineer. Secondary
tin and detinning of tin plate scrap has been
treated from the economic as well as from the
metallurgical and chemical viewpoint.

THE CHEMICAL CATALOG COMPANY, Inc.

419 Fourth Avenue, New York, U. S. A.
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Is Your Compressed
Air System Sick?

Many compressors, vacuum pumps, Diesel engines and
blowers that keep on running, ought to be on the “‘sick list.”” For
they waste compressed air and oil and do not operate efficiently
when carbon causes the valves to stick and when cylinders,
pistons, etc. are worn and scored by the billions of sharp, gritty
dust particles that get into machines with unfiltered air.

Feed your machines air that has been filtered through a
Protectomotor and they will operate 3 to 5 times longer before
overhauling is needed. Protectomotor Air Filters remove 999 of
every 1,000 particles of dust and grit from the air. Consequently
they reduce wear 75 to 859%, and reduce carbon 60 to 70%,.

The Protectomotor is a dry filter. No cleaning solution or
tanks are needed. Can be quickly cleaned with compressed air
without removing the filtering unit. It operates from six months
to one year before cleaning is necessary.

More than 350,000 Protectomotor Filters in use.

Write for catalog.

Staynew Filter Corp.
17 Leighton Ave.
Rochester, N. Y.

Your April advertising copy with
cuts should be forwarded so that

it will reach us by the
10th of March.

April Forms
Close

March 15,
for Press

4
L4

Advertising Department

Industrial and
Engineering Chemistry

419 Fourth Avenue New York




