Catalytic Oxidation of Ethyl Alcohol
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HE catalytic oxidation of
ethyl alcohol in the
vapor phase has been the

subject of a large number of in-
vestigations. In the published
work, the greater part of which
is found in the patent litera-
ture, copper or silver has been
employed most frequently.
Little work has been reported
where promoted catalysts were
used, and there is no published
work on the catalytic vapor-
phase oxidation of ethyl alcohol
under pressure.

The purpose of this investigation was twofold: (1) to ob-
tain quantitative data on the effect of pressure on the oxida-
tion of ethyl alcohol; and (2) to study the oxidation at at-
mospheric pressure under rigidly controlled conditions, so
that the variables catalyst temperature, space velocity, and
ratio of oxygen to alcohol could be varied independently.

Senderens (7) from a series of qualitative studies of the oxi-
dation of ethyl alcohol over catalysts composed of metal
turnings, concluded that silver was the most suitable. Day
(2) has shown that silver on pumice and silver, promoted
with small amounts of rare earth oxides on pumice, were
suitable catalysts for the oxidation of ethyl alecohol. They
were therefore chosen for this work. Silver has the advan-
tage over copper of being less destructive to the reaction prod-
ucts. It has been claimed, however, that silver becomes
poisoned more readily; this would lower its efficiency and
render it less useful over a long period of time. From the
present investigation it would appear that silver is not as
readily poisoned as is commonly assumed. In the course of
this work, even without careful purification of the air used,
there was no indication that the catalyst efficiency de-
creased.

The catalytic oxidation of aleohols to aldehydes is a coupled
reaction (4). The reaction is a combination of two distinet
steps; the dehydrogenation
of the aleohol to aldehyde,
followed by the partial or com-
plete oxidation of the hydrogen
formed in the first step, the
latter furnishing the energy
necessary to maintain the
reaction,

From a consideration of the
principles of LeChatelier, it
was expected that the initial
reaction

C.H:OH = CH;CHO + H:

would be inhibited by increase
in pressure, while the second
step,

samarium oxide.

pressure.

catalyst.

2H, + 0, = 2H,0

would be aided. As there are
no available data on the effect
of pressure on the free energy
changes in this reaction, there

was no way of definitely pre- Ficure 1.

The catalytic oxidation of ethyl alcohol in the
vapor phase over a silver catalyst has been studied
at pressures of from 1 to 50 atmospheres, and al
1 atmosphere over silver catalysts promoled with
It has been shown lhat the
total conversion decreases rapidly with increase in
The promoted catalysts have the ad-
vanlage of increasing the process yields of acetal-
dehyde and permitting efficient operation at a
somewhat lower temperature than the unpromoted
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dicting the effect. Assuming
the change in pressure-volume
constant to be the predomi-
nating factor, a decrease in acet-
aldehyde formation was to be
expected with increase in pres-
sure. It has been previously
shown (1) that acetaldehyde can
be condensed under pressure to
ethyl acetate., It was thought
that under pressure the reaction
products might be less likely to
undergo decomposition, so that
the decrease in aldehyde forma-
tion would be partially or com-
pletely compensated for by this and by possible ester forma-
tion. The results of this study definitely show that the yields
of acetaldehyde from the oxidation of ethyl alcohol drop off so
rapidly with increase in pressure as to make the preparation
of ethyl acetate in this manner impracticable.

High space velocities were used throughout the work in
order to avoid, as far as possible, decomposition of the alde-
hyde formed. It was possible to do this in the metal appara-
tus used, since even at the high space velocities the catalyst
temperature could be controlled by the rate at which heat
was conducted from the catalyst by the metal walls.

OXIDATION EXPERIMENTS

Figure 1 shows diagrammatically the apparatus used in the
pressure work:

The compressed air entered the system through the valve, Vi,
which was kept wide open during pressure operation. The
alcohol was vaporized, under full operating pressure, from the
vaporizer, A, and mixed with the incoming air at X. The rate
of vaporization was controlled by the current through five space
heaters distributed uniformly around the periphery of the
vaporizer. The unit was mounted in a transite box filled with
powdered magnesia to reduce heat loss. A thermocouple set
in the lower end of the vaporizer served for temperature measure-
ments. For each pressure studied, the current through the
heaters necessary for various
rates of alcohol vaporization was
determined by blank runs.
Valves Vs and Vs and mixing
cross X were contained in a
transite box for protection
against air currents. The vapor-
ized alcohol was prevented from
condensing by a small heating
coil mounted on valve V.

The air-aleohol mixture from
X entered the top of the reaction
chamber, B, the inside dimen-
sions of which were 15.24 em. X
15.9 mm. The outside diameter
of the thermocouple well was
8.35mm. The catalystoccupied
a space 2.25 cm. in length. The
constructional details of the
catalyst chamber are shown in
Figure 2.

The reaction temperature was
measured by means of a noble
metal couple which could be
moved up and down in the
thermocouple well. In all cases
the recorded reaction tempera-
ture was the highest temperature
found.
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The products leaving the reaction chamber were rapidly cooled
in the condensing coil and trap, C, the latter being surrounded
by cooling water. The liquid products were retained in the trap
and drawn off when desired through Vs. The pressure of the
system was indicated by gage G. The gas and uncondensed
vapor passed out of the trap and were expanded to atmospheric
pressure through valve Vi, by means of which the exit flow was
controlled. It was found impossible to obtain a meter for the
measurement of the inlet air under pressure, so that the latter
had to be calculated from the measured exit flow and the analysis
of the produets.

From V, onward all
connections were of glass.
The orifice meter, O, was
used to indicate small
fluctuations in flow and no
attempt was made to cali-
brate it.

The outcoming gas,
after passing through O,
was serubbed in the ab-
sorbers, D, which con-
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; o (UJN’T surrounded by an ice bath.

/ The by-pass F was pro-
# vided so that, when con-
o ditions were being ad-
justed, the gas would not
pass through the absorb-
ers. L was connected to
a small blower for flush-
ing out the absorbers at
the conclusion of a run.
Composite samples of the
scrubbed gas were taken
for analysis at E. The
rate of gas flow was ac-
curately measured by
means of the wet-test
meter, T

In preparation for a run
the vaporizer was heated
with valves Vsand Vs
closed and the regulator
wasset at the desired pres-
sure, V; being open.
When the vaporizer
reached the operating
temperature, Vs was
opened and the heating current to the vaporizer adjusted. With
valve V; set to give the required exit flow, the reaction chamber
was rapidly heated. When reaction started, as indicated by the
internal thermocouple, the heating unit of the reaction chamber
was adjusted to maintain the desired temperature.

For operation at atmospheric pressure, the condenser coil and
trap C were removed and replaced by a glass coil condenser and
glass trap. The gas outlet o?the trap was connected directly to
orifice meter O, cutting out gage G and expansion valve V.
The flow of air under these conditions was controlled by building
up a small pressure by means of the regulator and expanding to
atmospheric pressure through V;.

When steady operation conditions had been attained, the con-
denser trap was drained, and at the same time the exit gas was
turned through the absorbers. After sufficient gas had passed
through the absorbers to flush out the air, the withdrawal of a
gas sample was started and so timed that it was collected at a
uniform rate throughout the duration of the run.

During the run of 50 minutes the operating conditions were
kept constant. In each run the hottest part of the eatalyst bed
was located and the internal thermocouple kept at this point
throughout the run. At the conclusion of the run the condensate
was drawn off and the exit gas again by-passed around the
absorbers.
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Ficure 2.

Acetaldehyde was determined on an aliquot of the diluted
sample by Ripper’s method (6). Check results within 1.0
per cent were obtained on duplicate samples.

Acetic acid was determined by titrating a measured
amount of standard potassium hydroxide solution with the
diluted sample in the presence of barium chloride (for the
removal of carbon dioxide), using phenolphthalein as the in-
dicator.

Unchanged ethyl aleohol was determined by the method
of Peters and Baker (5) on the undiluted sample. The col-

INDUSTRIAL AND ENGINEERING CHEMISTRY

1277

umn was 102 cm. in length and 16 mm. in inside diameter,
packed with glass rings 7 mm. in diameter and 7 mm. long.
It was vacuum-jacketed throughout its length. Reflux was
controlled by the rate of water flow through a dephlegmator
in the top of the column.

The distillate was collected in two fractions. The first
acetaldehyde was discarded; the second, the alcohol-ester
fraction, was retained for the estimation of ethyl acetate.
This fraction, when corrected for the ethyl acetate present,
was taken as unchanged ethyl alcohol. This method gave
check results within 0.3 ce. on 100-ce. prepared samples.

For the determination of ethyl acetate the alcohol-ester
fraction was diluted in a suitable volumetric flask, and an
aliquot was taken and refluxed for 2 hours with normal po-
tassium hydroxide solution. The excess potassium hydrox-
ide was then titrated conductimetrically, correction being
made for acetic acid in the fraction.

The gas sample was analyzed in a Bureau of Mines modi-
fied Orsat apparatus. The accuracy obtained was within
0.1 per cent on duplicate 100-cc. samples.

The catalysts used throughout this work were prepared in °
the manner used by Day (2). Silver deposited on 12-mesh
pumice was used for all the pressure work. For the work at
1 atmosphere, silver on pumice and silver promoted with
0.27 and 0.14 per cent of samarium oxide, respectively, on
pumice were used.
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Ficure 3. EFFecT oF PRESSURE AT 360° T0 370° C.

Runs were made at 1, 3, 10, 25, and 50 atmospheres pres-
sure. Preliminary to the runs at each pressure, blank runs
were made to determine the rate of alcohol vaporization cor-
responding to various values for the current through the heat-
ing coils of the vaporizer. This was done by operating under
conditions as near those of actual operation as possible, except
that the reaction chamber was kept just hot enough to pre-
vent condensation of the alcohol. The vaporizer was slowly
heated until alcohol began to collect in the trap, and the heat
input was maintained constant until a steady rate of alcohol
flow resulted. The heat input was then increased and the
procedure repeated. This was continued until the desired
range of alcohol rates had been covered. These measure-
ments were checked by determining the amount of aleohol
vaporized. Nine hundred cubic centimeters of alcohol were
charged into the vaporizer at the beginning of the preliminary
runs, and at the end of each run the loss from the vaporizer
was checked against the condensate collected. The maxi-
mum discrepancies were never more than 7 and were gener-
ally less than 5 ce.

Since, in making a run, at least an hour was required to
obtain steady conditions and more time was required to cool
down, it was impossible to measure directly the alcohol
passed over the catalyst during the run proper. Hence it
was necessary to calculate this from the products obtained.
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TaBLE I. ErreEcT OF PRESSURE ON OXIDATION

OxreBN/ALcoroL ———C:H;OH CoNVERTED TO: ToTAL
RaTio lde- Acetic ydro- Con- EFrFI-
TeMp. In Out hyde Acid COq CO  carbons H:* VERSION CIENCY
Moles O2/mole
°C. C:HsOH % % % % % %
3 ATMOSPHERES PRESSURE
319 0.691 0.011 45.1 1.8 6.4 12.3 4.5 0.036 70.1 62.9
322 0.712 0.110 37.0 7 11.4 6.7 2.2 0.067 60.0 61.7
323 0.389 0.005 37.2 1.6 3.0 10.7 3.4 0.027 55.9 66.7
328 0.192 0.004 31.7 1.3 0.5 1.8 1.4 0.072 36.7 86.9
328 0.608 0.046 36.0 2.3 9.9 5.1 3.1 0.166 56.4 63.8
329 0.305 0.004 45.7 1.3 1.4 6.7 2.6 0.154 57.7 79.2
330 0.571 0.000 48.4 2.4 6.3 10.6 3.2 0.151 70.9 68.2
331 0,139 0.004 28.9 0.6 1.0 1.3 0.8 0.097 32.8 88.7
10 ATMOSPHERES PRESSURE
282 0.385 0.020 19.4 0.3 3.5 27.3 11.6 0.207 63.1 30.7
314 0.484¢ 0.041 20.3 1.1 4.9 13.3 2.1 0.139 41,9 48.4
318 0.369 0.007 22.6 0.7 2.5 10.0 6.5 0.189 43.3 52.3
321 0.327 0.038 22.5 1.7 1.3 9.3 3.8 0.100 40.1 56.2
323 0.458 0.302 26.3 1.0 2.3 7.2 6.3 0.020 44.0 60.0
324 0.321 0.008 32.5 1.3 1.9 10.3 6.2 0.127 53.1 61.2
324 0.351 0.023 20.8 1.5 1.9 10.7 4.8 0.138 42.4 49.0
326 0.449 0.122 22.3 1.1 3.1 9.1 0.0 0.099 37.1 60.2
330 0.238 0.147 22.7 0.6 0.5 1.3 0.8 0.039 26.1 87.2
342 0.463 0.046 23.6 1.0 3.2 16.2 7.7 0.198 52.5 45.0
347 0.374 0.005 25.6 0.8 3.0 11.2 8.7 0.233 50.3 50.6
348 0.261 0,013 27.4 1.0 2.2 4.4 5.9 0,188 42.3 64.8
370 0.386 0.297 27.0 0.5 1.4 2.9 2.3 0.191 35.9 75.0
25 ATMOSPHERES PRESSURE
210 0.573 0.481 1.3 0.1 0.4 0.2 0.20 0.010 2.7 50.4
255 0.770 0.047 7.6 0.4 0.2 0.3 0.80 0.005 10.0 77.1
262 0.198 0.093 9.9 0.8 1.5 4.8 0.00 0.015 18.6 53.1
308 0.996 0.357 10.9 1.3 16.5 15.5 15.00 0.078 60.6 18.1
310 0.727 0.054 13.3 1.4 3.1 12.7 8,30 0.085 39.8 33.8
319 0.701 0.189 9.3 0.9 5.5 27.8 9.10 0.092 53,2 17.6
320 0.334 0.048 13.8 1.0 2.0 7.2 3.10 0.119 28.3 56.0
321 0.222 0.032 11.2 0.8 1.8 12.3 1.00 0.0286 27.9 40.2
326 0.443 0.053 14.4 1.2 2.7 1.9 6.40 0.067 27.9 51.8
349 0.248 0.003 9.9 0.5 2.5 22.4 14.70 0.014 50.6 19.8
349 0.382 0.042 11.1 0.7 3.4 15.0 14.50 0.089 42.8 25.9
370 0.420 0.028 14.8 0.7 2.9 15.9 .70 0.160 45.0 32.8
389 0.324 0.132 11.0 0.5 19.5 12.8 6.30 0.015 50.6 21.8
434 0.38 0.012 15.0 0.4 2.0 15.4 5.90 0.164 39.6 37.9
5 ATMOSPEERES PRESSURE
330 0.281 0.104 9.0 0.8 2.5 7.3 4.4 0.062 25.7 35.0
332 1,043 0.489 8.0 0.8 12.8 8.7 21.5 0.355 52.5 15.3
334 0.258 0.100 10.3 0.6 1.6 7.4 5.7 0.032 26.9 35.0
336 0.271 0.091 10.4 0.6 2.6 7.0 7.4 0.059 29.4 35.2
350 0.211 0.029 8.9 0.5 3.4 7.3 6.0 0.213 27.1 32.8
352 0.192 0.095 10.2 0.4 1.2 4.9 4.9 0.136 22.4 45.8
352 0.411 0.254 11.0 0.6 2.0 8.9 8.8 0.108 32,7 33.5
371 0.804 0.187 3.4 0.4 16.2 28.0 15.4 0.395 61.8 5.5
398 0.941 0.146 5.9 0.6 12.4 35.7 24.3 0.450 80.0 7.8
409 0.172 0.105 7.2 0.2 1.4 4.2 3.0 0.024 16.4 43.4

@ Moles H: in exit gas per mole of inlet alcohol.

TaBLE II. Errecr oF CaTALYsTS AT ONE ATMOSPHERE PRESSURE

Oxv@eEN/AvrcoroL —C;HsOH CONVERTED TO:— TOTAL
RaTIO de- Acetic Con- ErrI-
TEMP, In Out hyde acid CO: CO H:%  VERSION CIENCY
Moles Oz/mole
°C, C:HsQOH % % % % %
BILVER CATALYST
308 0.457 0.028 50.6 0.8 7.8 1.6 0.133 60.8 83.4
326 0.506 0.146 59.7 1.2 5.9 1.0 0.013 67.8 87.1
326 0.746 0.009 53.5 1.9 17.9 7.8 0.212 81.1 66.0
342 0.834 0.014 58.9 2.2 6.9 7.2 0.122 75.2 78.2
352 0.405 0.049 64.8 2.6 5.2 1.2 0.070 73.8 87.8
363 0.684 .164 52.3 2.2 17.4 6.8 0.127 78.7 66.5
363 0.770 0.044 57.4 2.3 11.5 4.4 0.0 75.6 75.9
363 1.082 0.258 51.6 3.0 16.0 14.9 0.045 85.5 60.3
375 0.676 0.028 59.6 2.1 11.8 5.6 0.167 79.1 75.4
390 0.467 0.031 72.1 2.2 9.7 1.0 0.082 86.0 83.8
391 0.586 0.119 72.6 8.1 3.7 0.3 0.182 84.7 85.8
391 1.014 0.160 63.3 2.7 16.3 3.0 0.146 85.3 74.2
392 0.419 .0 71.0 5.1 4.7 0.3 0.224 81.1 87.4
397 0.430 0.027 68,4 3.4 1.6 0.5 0.008 73.9 92.5
400 0.600 0.144 66.2 2.2 6.5 2.1 0.140 77.0 86.0
403 0.408 0.080 64.4 2.3 6.5 1.7 0.084 74.9 88.0
421 0.439 0.055 73.4 3.0 6.5 3.4 0.069 86.3 85.1
421 0.760 0.142 66.2 1.5 11.1 3.7 0.054 82.5 80.3
423 1.255 0.080 66.9 3.2 20.6 0.0 0.222 90.7 73.8
441 0.580 0.043 72.2 2.4 8.5 1.4 0.030 84.5 85.5
SILVER - 0.27 PER CENT SAMARIUM OXIDE CATALYST
355 0.426 0.025 68.2 2.2 11.2 4.0 0.027 85.6 78.8
3556 0.456 0.031 70.7 2.4 11.9 1.7 0.050 86.7 81.5
370 0.508 0.043 74.6 2.6 8.5 1.8 0.020 87.5 85.3
371 0.634 0.048 71.1 2.2 10.1 2.2 0.030 85.8 83.0
379 0.696 0.034 78.6 2.6 9.7 2.8 0.000 93.7 83.9
380 0.424 0.013 72.8 2.1 6.2 1.6 0.034 82.5 88.0
394 0.808 0.050 74.1 2.8 16.9 3.6 0.007 97.4 76.1
SILVER =+ 0,14 PER CENT SAMARIUM OXIDE CATALYST
359 0.388 0.042 70.5 2.4 8.1 1.7 0.051 82.7 85.3
385 0.510 0.068 72.8 2.2 9.2 1.7 0.051 85.9 85.0
388 0.410 0.022 71.9 2.2 9.7 2.4 0.053 86.2 83.5
392 0.627 0.0568 77.7 2.5 6.4 0.8 0.117 87.4 89.2
398 0.6683 0,023 78.1 2.1 4.0 0.1 0.110 84.9 92.0
411 0.473 0.035 77.0 2.8 10.8 2.0 0.049 92.6 83.2
¢ Moles H: in exit gas per mole of inlet alcohol.

This was done by means of a ““‘carbon balance”
on the products. In all cases the value so ob-
tained checked reasonably well with the rates
determined in the blank runs.

The alcohol used throughout all the work
was the constant-boiling, 95.45 per cent (by
weight) alcohol. In all calculations correc-
tions were made for the water content of the
alcohol.

Certain terms used in the discussion of the
work may bear definition: “Total conversion”
is self-explanatory, being the total alcohol oxi-
dized expressed as a percentage of the total
alcohol passing over the catalyst. “Yield
efficiency” is the ratio of the alcohol con-
verted to acetaldehyde to the total alcohol
oxidized. “Oxygen/alcohol ratio” is expressed
as the ratio of the gram molecules of oxygen
to the gram molecules of alcohol passed over
the catalyst; for the stoichiometric conver-
sion of the alcohol to acetaldehyde the oxygen/
aleohol ratio is 0.5.

DiscussioN

Table I includes the more important data
on the pressure runs, while Table II includes
those for the work at one atmosphere, Those
runs in which all the products were not ac-
counted for and those in which the catalyst
showed signs of loss of activity, as well as
duplicate runs, have been omitted for the sake
of brevity. As previously mentioned, high
total space veloeities, from 25 to 30 liters of
charge per hour per cc. of catalyst corrected
to normal temperature and pressure, were
used throughout the work.

Comparison of the tables shows that the
aldehyde yields decreased with increase in
pressure (Figure 3). Preliminary work
showed that at one atmosphere the aldehyde
obtained was decreased somewhat by increas-
ing the length of the catalyst. This is
equivalent to increasing the contact time
with the catalyst after the primary reaction
is over, Other conditions being the same,
this would indicate that the decrease in alde-
hyde obtained was caused by secondary reac-
tions which, in turn, are dependent on con-
tact time. Since the contact time is directly
proportional to the pressure at any given
space velocity, it may be assumed that the
decrease in aldehyde (with increase in pres-
sure) was due to increased contact time.
However, with increasing pressure, other con-
ditions (temperature and space velocity) being
equal, the amounts of unconverted alcohol
recovered markedly increased (shown by “total
conversions” in Tables I and II). This
definitely indicates that increase in pressure
decreases the rate of the primary reaction (de-
hydrogenation) in spite of the increase in con-
tact time. Thus there are two important
factors affecting the aldehyde yields: (a)
effect of contact time on secondary reactions
and (b) effect of pressure on the primary
reaction.

With increasing pressure the effluent gas
showed a steady increase in hydrogen
content even when operating above the
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theoretical ratio of oxygen to alechol. The data also appear
to indicate that the percentage hydrogen increases with
temperature, This is probably due to the increased contact
time,

At one atmosphere and considerably shorter contact times
{other conditions being the same), decomposition was less,
and the hydrogen formed was not a function of the tempera-
ture within the range studied.

It will be noted that the percentage of the aleohol converted
te hydroearbons, chiefly methane, increased with increase
in pressure. The chief source of hydrocarbong was the de-
composition of acetaldehyde. It is probable that the de-
composition is facilitated by inerease in contact time. Since
at _atmospheric pressure the percentage of hydrocarbons in
all cases was negligible, they are nof included in Table iT.

' At atmospheric pressure the maximun provess yields were
obtained at about the theoretical ratio of oxygen to aleohol
and at about 415° C.  On the other hand, the yield efficiency
decreased steadily with increase in ratio and reached a maxi-
mum at a temperature of abont 370° C.

With the promoted catalysts an increase of from 3 to 4
per cent in the process yields was obtained, slightly better
yields being obtained m the case of the silver promoted with
(1.27 per cent of samarium oxide than with the one containing
0.14 per cent. Only a slight improvement in the yield effi-
ciency was obtained with the promoted catalysts.

In applying the reaction to comumercial practice, a ratlo
of oxygen to alcohol somewhat below the theoretical would
probably be most desirable.  In such a case the cost of re-
eovery of unoxidized alcohol would be balanced against the
loss due to the formation of earbon monoxide and carbon
doxide. Tt was found in this investigation that the catalyst
became ternporarily poisoned, owing to deposition of carbon,
when operated for any length of time much helow the theo-
vetical ratic of oxygen to alechol. It was possible to reacti-
vate it slowly by operating with an excess of oxygen. To
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avoid loss of activity of the catalyst when operating over
long periods of time, it would probably be desirable to operate
at a ratic of oxygen to alechol near the theoretiesal.

For maximum econversion, the ecatalyst temperature is
undoubtedly the most important factor. Faith, Peters, and
Keyes (3) have clearly shown the effect of temperature and
time of contact on the vapor-phase oxidation of ethyl aleohol.
Their results show: (1) Maximum conversion depends upon
temperature; (2) at temperatures below that of maximum
conversion, lower flows give the highest conversion; and (3)
at temperatures above that of maximum conversion, higher
flows give slightly betfer conversions.

For optimum operating conditions a fernperature befween
370°, at which maximum yield efficiency is obtained, and 415°
C., the femperature of maximum process yields, should be
emnployed. Bince, with the promoted catalysts, the process
vields decrease more slowly with decrease in femperature
{below 415° C.), a promoted catalyst has a distinet advan-
tage for commercial operation. The promoted catalysts
also have the advantage of being less likely to undergo fem-
porary deactivation due to operating at low ratios of oxygen
to aleohol or to overheating.
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LABORATORY OF A. D'AILLY
By
Jan Rienksr Jelgechuis

With this, No. 48 in the Berolzheimer
series of Alchemical and Historical Repro-
ductions, we add a new artist to the series.
Jan Rienksz Jelgerhuis (1770-1836) who
was the son ;ln§ student of the Dutch
artist of like name, Rienksz Jelgerhuis.

This painting, which is in the Rijks-
museum in Amsterdam, shows the labora-
tory of the well-known French pharma-
ceutical chemist A, d'Ailly, of the 18th
Century, and fhrough the doorway what
may be the shop. .

he pharmacist appears to be doing a
fliration or more properly speaking, a
straining operation.
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