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VAPOR PHASE CATALYPTIC ATR OXIDATION OF P-OCTMERE

Introduction

After several years experience including the oxidation of toluw
ene, pexylene, p-chlortoluene, 2« dichlor-toluene, 2-6 dichlortoluens,
3~ dichlor~toluene and B~picoline, the writer became interested in
the vapor phase oxidation of p-cymene to produce aldehydes.

Literature contains information on the formetion of petolnic
acid and terephthalic acid but no information is found on the condle
tions for aldehyde formation. There is mention that aldehyde pro-
duetion ccours at temperatures below 350° C at low ailr flow rates and
with particular catalysts, but no specific information has been given.
The writer therefore declded to investigate whether or noi aldehyde
formation does occur with vanadium catalyst and, if sgo, at whal condi-

tions.

In order to establish whether vanadium catalyst would oxidize
p-cymene, a fluid catalyst unit was built and then tested with toluene
for the formation of bensaldehyds,

The construction of the unit, preparation of the catalyst, pre~
liminary testing of the unit and actual oxidation of p-cymene are there-

fore reported in successive order.

The factors which influence exidation are as follows:
1. Oxygen to hydrocarbon ratio.
2. Catalyst form and activity rating.



3« Presgure.

lie Temperature.

5. Bffect of water vapor and fixed gases.
6. Catalyst deterioration and revification.
Te Time of contact.

8. Temperature control.

9. Secondary reactions.

The effects of all these variables could not be evaluated at this
time, but it is hoped that other workers will underiake this preject
and contribute some knowledge to this subjact,



PURPCSE

The purpose for this work was therefore threefold: the first
vbject was to build a catalytic vapor phase unit employing flnid cata-
lyst so that application of fluid bed technique could be applied to
another chemical reaction, the oxidation of p~cymens. The second ob-
ject was to determine whether vanadium oxide catalyst would produce
aldehyde formation. The third object was to obtain additional data on
p~cymene oxidation in order to have some comparison with oxidation
carried out in a fixed bed reactor and reported by Senseman and
Stubbs (15).



MATERTALS OF CONSTRUCTION

The unit was bullt of 30k stainless steel, including the pre~
heater line, catalyst sparging section, cyclone separator and product

condenser.

A stainless steel Corson~Cerveny Wicro-Bellows feed pump was
installed. MNodel N. 1000, serial li22, 110 volis, 60 cycles, capacity
30 to 2000 ce/hr. The feed reservoir was a 1,000 ml. graduated pyrex
oylinder.

The gas sparging section consisted of a 2«inch standard steinless
steel pipe with a 55 per cent porvsity aloxite thimble type gas sparger
as shown in Figure 3., 7This type gas diffuser, manufactured by the Core
borundum Compary, has proven satisfactory over a five ysar period.
These gas spargers are to be preferred over the flat plate type gas
diffusion units, It is highly recommended that thimble type spargers
be used in pilot plant and commercial units since they offer better
fluidization than spiders, pipe coils, orifices or flat plate spargers.
Surging of the catglyst bed is minimized by use of thimble type

SPArECrs.

The unit was welded with stainless steel welding rods, and each
gection of the unit was tested with air pressure. The reactor section
was tested at 50 psig. and the cyclone separator and sparging section
were tested at 30 psig. ¥o need for higher pressure was evident at the
time of construction as the work planned for this unit would be at
substantially atmospheric pressure.



The l-inch I.D. sisinless stesl water cooled condenser was

tested and found tight at 50 psige

The reactor and cyclone sections were insulated with standard
2«inch and 3=inch magnesia pipe covering.

4 desoriptien of the variows parts of the unit as shown on Figure 1

are as followss



Beactor:

Gas Spargers:

DESCRIPTION OF PARTS

This was made from a 2% standard 304 stainless steel pipe.
Ona-~half inch thick flanges were welded at each end and
thermowells made of 1/8* I.D, x 1/" 0.D. stainless stesl
tubing inserted at 6-1/2", 12", 12% and 12% spacings from
the bottom flange. These were welded to the reactor wall
and were inclined K0P with the vertical axis, The overall
length of the reactor was 71-1/4",

A 9" length of the 2" pips cut from the reactor stock
material was used to build the sparging section. 4 flat
faced flange of 5/8" thickness was gvailable and used for
this unit. The bottom of sparger was cui at a L5° angle
in order %o insure complete draining of the catalyst frem
the unit when desired. 4 1/} S5.8. nipple, welded at one
end, was used as a catalyst drain pluge This nipple
messured 3-3/4® long in order to extend beyond the magnew
gia pipe insulation and also so that & wrench could be
applied to the plag to tighten or remove it.

A 1/2® standard 5.8. pipe was inserted into the side wall
of the sparger section and welded in position, The pipe

extended 10~1/2" from the center line of the pipe to the

outside end. The inside portion of this pipe was curved

50 as to make an ell and the aloxite thimble type sparger
was set on this threaded eond.



Heaterss.

Cyclone Sew
parator:

Flanges:

7
Three strip heaters, 1,000 watte each, 230 voli, Chromalox

types were strapped on to the bottom section of the reactor.
These heaters measured 1~1/2" wide, 1/1* thick and 36"

long. They were spaced 1200 gpart and wired in parsllel

by use of 1/8" diameter Nichrome wire. The wire was

beaded and extended six inches bevond the outside insula-
tion and was connected to the power source from the 7.5

KVA powerstat. Parker fittings were used at all wire
Junctions and insulation tape applied.

The cyclone was built of 1/32" thick stainless steel
plate, rolled and welded. The top section was B 1D and
the bottom section of 2% 5td. 30h 5.5. pipe. The overall
height of the cyclone was 181/2%. A 1/2" elbow was
welded on the top for vapors to pass out into the condenw
ser. A 1/4" 0.D. 8.3, thermowell, 6~3/4" long, was ine
sarted on the top plate and welded in place, 7This weld
extended 2-1/4" into the cyclone section. A 1/2" 3.8,
nipple, h=1/2® long, was welded on the top plate. This
served as a catalyst feed points 4 cap was placed on
the top end of this nipple. A standard 150 slip-on
steel flange wae welded to the bottom 2% section of the

cyclons.

Standard 150#% slip-on flanges were used in the assembly
of the reactor, sparger section anmd cyclone. 5/8" dia.
bolts, 2" long, were used in the assembly.



Gagkets:

Product
Condensery

Product Bew
geiverst
1, 24 3.

Product Cone
densera:
2, 3.

Reactor
Poweratabs

28 1.0, x 3" 0.D. durable gasket material was used.

A 1" Std. 30k S.3. pipe, 48" long, was used. The water
jacket was a 2% Std. galvanised pipe 42" long. Collars,
1/2" thick, were cut and welded to each end sc as to Seal
the water jacket. Two 1/4" nipples, 2% long, were welded
3% from each end to provide for in and out flow of water
to the jackeb.

A reducing coupling was used on top of the condenser so
that it would fit the 1/2" vapor lime from the cyclone.

These were 2-liter, 3 neck pyrex flasks. The first re-
ceiver was squipped with a thermometer to measure the
temperature of the condensate and s bottom drain valve
to remove product from the receiver. A slde stop-cock
also permitted taking & gas sample or venting the unit
if necessary.

These were pyrex glass condensers, LO" long, 1/4" 1D
and provided with a water jacket. Glass tubing, 3/8* 1D
and of proper length, was used to connect the outflow
neck of the product receivers to top of the glass pro-
duct condensers. The top curved loop on this tubing was
8 inches. 411 comnections to flasks and condensers were
made with rubber stoppers.

& varisble transformer of Type 1256 was used, This was
panel-mounted and used to control the heat to the reactor.



¥eed Line
Yariact

Carbon Trap:

Alr Botaw
meters

A masonite box was szet arcund the itransformer for protecw
tion of the instrument and alsc a8 a safely measure,
Superior Electric Company of Bristol, Connecticut, mamie
factured this instrument.

A small variable transformer of Type 116 comnected to the
bottem of the sparging section was ussed for control of
current to the heating coil on the hydrocarbon feed line.
The arrent was adjusted so as to maintain the hydrocarbon
in a vapor state. This instrument was manufactured by the
Superior Electric Company and was operated on the 110
volt circuit.

A carbon trap made from a 2® 1.D. pyrex glass pipe, 3 fest
long, was used to adsorb hydrocarbon vapors on gramular
aotivated ocsrbon. The carbon was activated by stesming,
drying and cooling before use. A rubtber stopper was used
at each end of the glass pipe to hold the carbon gramles
in place. BEntrance into and exit from the carbon bed was
by means of a 1/4" pipe nipple inserted through each

gtopper.

A Pischer and Porter Precision Bore Rotameter tube No.
2B-25 with & scale of 0 to 10 inches was used. This
rotameter was calibrated for air flow at 15 psig. by
megns of & standard wet gas meter., A calibration curve
was plotied and used throughout the experiments,
Comections to and from the air rotameter were made by



Air Pres-
gure Redus
cers

1/4* pipe fittings.

A pressure regulator mamufactured by the Atlas Valve Co.
of Newark, New Jersey, was used to reduce the air
pressure from 75 psig. o 15 psig.

Pressure In- A pressure gauge marufactursed by J. P. March Corporation

dcating
Gauge

of Chicago was used. 7The mcale range was O30 psig.

10
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PCYMENE

The p-Cymene used was supplisd by the Matheson Co., Inc. and was

Terpsne~froe grade supplied in glass bottles.

This material was water

white and used ag supplied, with no further treatment or purification.

The chemiecal properties of p-Cymene are:

p-Cymene Cyofyy
Formla
Formla Weight
Form and eolor
Specific Gravity
Melting Point =Pty
Beiling Point ,
Solnbility in waber
Solubility in alechel =

Solubility in sther

Oty Cghy, OB (ORy),

13k.22

eolorless liguid
0,857 20/k°C
73.5%

176.7%
Insoluble.
Soluble.
Boluble,

15


mbrown
Stamp
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Vapor pressure dates

Temperature °¢ . Pressure M. Hg,
“5e5 0.1k
0.0 0.23
0}.8 0,25
13.3 0.68
17.3 1.
L3.9 ‘ 5e
5740 10,
Tl.1 20,
8740 Lo,
972 60,
110.8 100,
1314 200,
153.5 400,
177.2 760,

The vapor pressure equation for p-Cymene as glven by Kobe and
hiz co~worders {6) ia:

logp e 2,332 48,063



17

METHOD OF OFERATING UNIT

The prepared catalyst was heated and placed in a graduate to
measure the amount being used. 7This catalyst was charged into the
reastor by removing the 1/2% cap on top of the cyclone, pouring the
oatalyst into a small glass fumnel and permitting the catalyst to
flow into the cyclone and drop to the reactor botbom.

After the catalyst had been added the cap was replaced and the
air flew increased to about twice the maximom flow rate desired.
This was done in order to sweep oub fines from the reactor.

The air compressor operated at high pressure; therefore the
60=75 psig. air was passed through a reducing valve to give 1S psig,
gir through the air flow line to the calibrated air roiameter. The
air flow was controlled by adjusting the valve on the air line just
belfore rotameter proper. All air measarements were taken at 15 psig.
and converted to volumes of air at TOOF and atmospheric pressure by
means of & calibration ourve established for the rotamster by pre-
vious air tests using a standard wet gas meter.

Alr was permitted to flow through the unit for at least one
hour before adding the hydrocarbon vapors.

The electric current was turned on at the two wall switches, and
the large powerstat set so as to heat the unit in approximtely one
hour. The heat was reduced or incresssed depending upon the temperature
desired in the reactor. The small powerstat was also turned on in
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order to© heat the hydrocarbon feed line from the pump discharge to the
inlet of the reactor and alse supply heat to the botiom of the sparging

seotion,

The temperature of each column section was checked by means of
a lLeeds & Northrup potentiometer, using iron~constanton thermocouples.
8inee No., 2 thermocouple registered a few degress higher than No. 1
and Ro. 3, this point was used as a temperature control peint for
runs Ho. 1 to Noe 6. This thermoccuple was slso located in the center
section of the fiuid bed,

The reactor temperature was set at 20-259C below the desired ree
action temperature sinoce oxidation would result in additional heat
and higher temperature.

As soon as the reactor temperature had been stabilized to the
desired operating value, the feed pump was turned and liguid peCymene
was pumpsd from the 1,000 ml. graduate through the heated feed line,
vaporized, mixed with the air stream and entered into the gas sparging
section of the reactor. The vapors passed through the sparger and conw
tacted the catalyst particles, rescted and passed through the cyclone
#nd into the condenser where the p~Uymene reaction products and une
reacted material condensed and flowed into the produgt receiver. Un~
condensible gases passed out through the set of three condensers and
three product receivers, through the carbon trap and through a gas line
to the outside atmosphere. Provision was made to take a sample of the
gag leaving the carbon trap. The gas was analyzed for COp content by



19
means of a portable (Orsat apparatus. It was desired to keep the COp con~

tent below 4 per cent in order to prevent excessive coking on the caw-
talyst.

The feed rate was determined by measuring the quantity of p-Cymene
pumped through the unit. The air amtimued to flow for at least
30 mirutes after the feed had been stopped. This was done in order to
sweep out all traces of hydrocarbon which may have been in the unite
The heat was turned off and the products collected in the three rew
ceivers were cosbined. The condensers, vapor lines and receivers were

washed with water and this was tested for acids.

The carbon trap was removed from the unit and steamed to recover
p-Cymene adsorbed. This p-Cymene, mmounting to about 10 cc. in highest
air flow ™un, was added to the product collected. Analysis was made
of the oil layer and the water layer obtained in each run.

) , o

The length of each run was limited to one hour.

It was found that the c&rbcm trap was not large enough to recover all
the p-Cymene in the vapor. However gince this work was only exploratory
it was declded not to change the size of the trap at this time.
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CATALYST PREPARATION

The following formmlation was used for the catalyst preparation.
Formilas Suggested by Ref. (12)

1, kOO ce. distilled water

2, 380 gs. oxalic acid, technical 99% pure.

3¢ 190 gm. ammondium metavandate, c.p.

Le 2,000 gm. 60-150 mesh carrier, type HeLl activated alumina.

Procedures

Add the water % & glass vessel and add (1) the oxalic acid. So-
Jution gets eold. Add (2) ammonium metavandate; stir well. The sclu-
tion turns from water white to yellow, to orange, to red brown, to
bluish green and finally dark blue. Considerable gas 13 given off and
some catalyst liquid carried over by sntraimment.

Heat the solution to 70°C %o obtain guicker selution and to com-
plete the chemical reaction, After ten mimtbes the solution is completed
and a clear blue colored liquor resulits. Add the carrier, let catalyst
soak up all of the liquor. Add a little more water so that only a trace
of blue ligquor is found at the bottom of the vessel. Xeep stirring and
mixing the catalyst carrier until thoroughly mixed and completely sstu~
rated with the catalyst solution. Use sdditional water, if nesded, o
show presence of excess liguor. Leit catalyst stand for twenty mimutes,
mix well again and spread in a 1/ inch thick layer on to porcelsin or

glass drying trays.
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Alr-dry the catalyst for two days, then place in oven to vaporise

all remaining moisture. Finally transfer the catalyst to a porcelain
drying dish and heat on a hot plate at low heat. BS5¥ir constantly to
produce even heatings Considerable moisture will be given off together
with other geses. Heat for a peried of four hours, Hixture will assume
a dark green-gray color. FKext heat the same catalyst at a medium heal
for fouy hours, more gas will be given off and the color will turn to

a dark green yellow, Again, stir constantly so thet air will be availw

able to the catalyst surfsces.

Heat at a high heat, stirring constantly until the catalyst turns
& pale yellow green color. Cool and screen the catalyst to proper mesh
size, Discard the fines and oversisme particles.
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CATALYST CARRIER

The catalyst carrier selected for this test work was type Hell
Activated Aluminae. This material was supplied by the Aduminum Ore
Company of Pittsburg, Fa., to the Alumirum Company of Americe and
shipped to the writer for test purpcses.

The formuls for this very raaative Alvnins gel is Alaaaxﬁza.
It iz an excellent adsorbent and has the following typieal adsorption
figures when not coated.

Relative Humidity Adsoerption at
100f Efficiency
208 104
Log 1h%
60% 2k%
oh% g

It appears to have hard, glasasy gramules, is fully sctivated and has
the following aprroximate chemical analysis:

Loss On Ignition 8,58
81 0y | 5e5%
Feoy0y 0.12%
Nan0 0s10%
Alp0y 90%

The carrier was soreened to obtain 605150 mesh particle size for this
ﬁmﬁy -

Surface Area, 8q. meters per gram, 200«300.
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Porosity 50%

HBeat Remistance: heated for 2 hours at 5000C,, 2}l sq. meters per
gram, and when heated for 2400 hours at same temperature, the surface
area decreased to 216 sg, meters per gram,

This catalyst earrier had to be abandoned due to its high activity reting
of hh.l resulting in complete wmtien of the hydrecarbon. In its
place another carrier was more w@am. Thias was the Norton catalyst
labeled catalyst 9D in the test runs. The activity of the Norton
catalyst was 11,



DESCRIPTION OF TESTED CATALYSTS 2k

Catalyst "A® « ~ 60 to 150 mesh Alumina Hehl carrier ispregoated with
Vanadium oxide catalywt as described under ®Catalyst
Preparation™.

Catalyst "B® - « No, 902 Davidison. 8ilica Oel carrier coated with
Vanadium oxide catalyst and modified with alkali.
Fives than 270 mesh.

Catalyst ®C* « ~ ¥No. 902 Davidison catalyst diluted with inert Norton
carrier Li-232, Fives than 270 mesh. Dilution used.
200 co Davidison active catalyat and 300 oo Norton
inert carrier.

Catalyst *D* - « Rorton carrier LA-232, 16 to 60 mesh size snd impregnated
with ¥olybdenium-Chromiue catalyst solution preparsd
by dissolving 0.50 gm. Ghromium Trioxide and 60 gm.
Amponium Molybdate in 500 co ratic. Catalyst siirred
in solution ard placed on hot plates %o evaporate to
drymess. Stirred constantly until dry. Then oxidised
until yellow axide obtained from brownegray mass.

Activity tests made for ssch catalyst reported in Table IX.
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CO:E 902

P MDERED
OATATION CATALYST
(Fluid technique)

Physical Form

On 87 maesh 4,0% max.
On 100 mesh 15.0% max.
On 200 wmesh 55,0% nax.
Thru 200 mesh U5.0% mine

Chexlcal Composition

Vanadia #95

filica “b%

Cotassium Sulfats 33%
activitz

10-20 mesh catalyst activated for 2 hours at D00°F, placed in
2 test unit was run under % ] ng conditions for the
Attt A

conversion of naphthalene to dpide:
Jacket Temperature 729°F,
Primary Air 120 CC. /min.
Secondary Alr 550 ecy [mine
Space Velocity 1100/ /hr.
air/nachthalene ratio 3611/ welight ratio
Volume of catalyst 33 ecwe (Poured Yolume)
Catalyst space in reactor 2 x 13 ome
Naphthalcene used Bakerts C. P )
Resuits:
Yield Fhthalie Anhydride 91.1% based on naph. feed
Carbon Salance 95 . 2%
Hot Spot Temperature BE1=366"7.

Pstential Apolications

xidation of:

Haphthalena

Benzena

Hero-lrystalline Yaxes
Aliphatic Side Chains

farfural and Related Compounds
Ortho=xylene

Yuinoling

Toluene
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CATALYST ACTIVITY RATING

Whenever catalysts are to be used for oxidation work they should
be checked for standard activity rating by at least one method., 4
suggested method is the use of the Aromatic Adsorption Index method
described in the literature and used by the petrolenm companies since
1943, The writer has used this method since 1945.

ARCHATIC ADSORPTION INDEX METHOD (AAl.)

This method is the most widely used and iz falirly rapid and
simple., It depends upon the selective adsorption of tolueme from a
tolnene~iso=octane solution by the catalyst under test, The method
involves the following steps:

1, Establishment of the specific gravity at 68/6B°F for various
percentages of toluene-iso-octane mixtures from 0 to 30 per-
cent by welght toluone.

A list of values for this straight line curve are:

Spe Ore L.
68 /68°% Percent
Toluens
0. 6925 0
0.6991, 5
07079 10
07140 18
0.7210 20
0.7286 25
0.7367 30

2. Eestablish a straight line curve for the small range used,
0 to 40 volume peroemt toluene, in toluens-isowoctane solue
tions st T7T9F,., as a function of refractive index walues at
é8or,
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A list of values for this sysiem is:

Yol, & Toluene Re I. at &8¢p,
245 1.39342
5e5 1.39628
15.7 1.10653
20.3 1.41175
25,0 1.41663
3040 l.12121
39.5 1.13160

The above values, when plotted, will give a cuprve 4%,
Another curve is plotted of RI ve Wi, Percent Toluens. (Curve “p%),

The procedure employed in this test is as follows: Place a watch
glass on the balance and obtain the weight of the glass emply. Weligh
35 gm. of catalyst and place the ¢atalyst in the 10D cc. pyrex adsorpe
tion bottle., (Wide mouth bottle used.) Pipetts 50 ce. of toluenew-isow
octane test solution at 68°F. and place in the adsorpiion bottle.
Stopper immediately using a ground glass etopper and place a rubber
band around the stopper to keep it in place. Shake gently to wet all
catalyst. Let stand at room temperature of 77°F for 2 hours, shaking
at 15 mimtes interval. Cool in ice bath and filter through filter
paper into a cold Z2eounce bottle. Cover fumnel with wabch glass during
filtration in order to prevent evaporation lossen.

Determine the specific gravity of the solution at 68°F,

Example: ‘
Wte of pycnometer + sample 36,0095 gite
Wte of pyenometer 2746359

Wte of sample 843736 gn.

Volume of pycnometer at 68°F 114112 cce

Spg gr 68/68‘33' ] W"«: 8 fl, (3;7338

-
vaum 1l



From curve *B® determine the toluene concentration of the origis~
nal solution and the fillered solution. %The filtered solution may be
23,98 welght percent for 0.7338 sp. gr. while the original solution
may have "ueen 25.18 weight percent toluene. The decrease is 25.L8 -~
23.98 ® 1,50 percent toluene change due to adsorption by the catalyst.

To obtain the Aromatic Adsorption Index muliiply by 10.55, a
constant, to obtain 15.82 as the AAY value. {1¥ toluene change =
0.001055 RI. change at 689%,) Fext use curve B and read the corres-
ponding Standard Activity Rating i‘a;r a value of 15.82 AAY. This value
will be found on the curve to be 26,2 Standard Activity Rating.

Therefore, one Aromatic Adsorption Unit, cxpressed as AAY, is
squal to 0.1 percent toluene concentration change and the Standard
Catalyst Activity is related to the mumber of AAY units by empirical

aorrelation.

Values for Curve £ employing synthetic catalysts of various
types are as followst

Aramatic Adsorptlon Standsrd Activity
Index Bating
0 O
2.2 6
L2 12
11.0 20
19.0 30
29.0 ko
3.7 50
6547 &0

85.0 66

28



Plot on rectangular coordinates.
Ref.s Data published by Texas Company. 19h5.

A decrease of 1 AAT unit is equivalent to & 5% decrease in cracke
ing activity on a weight basis. Therefore a 5% decrease in space velo~

city or some other equivalent changes must be made in order to kesp
the conversion fipure constant.

Good operating conditioms for aracking catalysts indicate a value
of 25«30 AAT units, while fresh catalyst not stabilized shows 50 to 70
AAT unita. However, oxidation catalyst operate at lower values of AAI,
generally in the range of 3-6 AAT units. The following table lists a

comparison of various catalysts tested by the writer in order to compare
oxidation catalysis.
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' STANDARD CATALYST
CATALYST ACTIVITY
W

1. 90% Upog, 5% MnOy, 5% Cr0y

on mash inert carrier

Alp0y3 Refractory type Sk
2. Same catalyst reduced to 70-100 mesh Sl
3. Same catalyst on lw12 mesh carrier 7ok
lie Same catalyst on 60«150 mesh carrier 11.0
5. Same catalyst on 150-250 mesh carrier 13.0
6o Same catalyst on 150 and finer 13.0
6a. Same catalyst on 80-150 mesh silica gel 26.7
7. American Cyanamid Oracking Catalyst Grade MS-A 5942
8, Silica Gel 80-250 mesh 5&,@
9. Chromium Oxide (Sesqui oxide) 13.0
10. Pumice FYF (passes 250 mesh) 3.0
11, Vanadium oxide powder Sel
12, General Ceramics Stonewarse Carrier Tk
13. Dicalite 622-7 Carrier heb
1l Dicalite 654 SF grade 0.0
15, Dicalite 621.T, SAi~5 grade 0.0
16. Zircon Carrier 60-200 mesh 5e6
17. Vanadium oxide on Alumina Oxide Lhiel
18. Catalyst 902 on silica gel -

This table indicates the wide range of Activity encounbered in
catalyst preparations and points ocut that pumice would be the best
carrier beside Dicalite, which is rejected due to its excesalve fine~



ness. The table alsc definitely discourages the use of silica gel and
activated alumina for oxidation use but would recommend these for
eracking usage. An examination of various catalysts used by the writer
disclosed that almost all oxidation catalysts for aldehyde production
peasa;asad & catalyst activity rating somewhere in the range of § to 13
Unite. It is tharefore suggested that investigation of this factor be
carried further in order to properly select good aldehyde producing
catalysts for vapor phsse conversion.

REQOMMERDED CATALYSTS FOR YAPOR PHASE OXIDATIONS

Use oxides of Uranium, ¥olybdenium, Chromium, Copper, Silver,
Iron~VanadiumwChromate, Nickel, Antimony, Bismth, Tungstun, Tantalum,

Tin, Ceriug, Cobalt and Flatimw,
Recommet

Best combination of catalysis recommended in U, 8. Patent
1,636,854 is 7.0% Molybdeninm Oxide and 93.0% Uranimm Oxide to produce
9.6% benmaldehyde. This would also gerve for other aldehyde production.
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TEST MIN FOR ACTIVITY OF CATALYST

The ocatalyst was tested with tolnene in order to reduce the overw
activity which is common to all freshly preparsd catalysts. The unit
was heated to LOOPC before toluene was vaporised and fed into the
reactor. An air flow rate of 0.32 CFM was used at & space velocity
of 316. The presence of benzaldehyde in the product was easily recog-
nized by odor and also by the residue oil left after vaporiszation of
the toluene. A small smount of water showed the presence of combustion
products of toluene and showed that vanadium catalyst may be used for
the production of bensaldehyde from toluene in a vapor phase system.

Two guch teste were made uaing two different sources of toluene.
The first sample had the odor of sulfide which was present in the prow
duct and wan thersfore discarded and a resgent grade toluene, thiophene
free, was used for the second trial. Yo sulfide odor resulted with the
second ssumple and the presence of benzsldehyde was again noted in the
product.

32
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METHOD OF ANALYSIS

The condensate in the three product receivers were combined and
proportional parts of the oil layer and the water layer were taken for
analysis. The oil layer was analysed as follows:

1. A sample of the oil layer was dissclved in 50 percent
methanol and titrated with O.1¥ NaOH to obtain a tolal acldity
values

2. Apother sample of the oil layer was neulralized, Hydroe
xylamine Hydrochloride added and the hydrochloric acid liberated
in order to obtain the total aldehyde value.

3. A large portion of the oil layer was shaken with a 10 perw
cenb sodium carbonate solution. A separation wae made yielding
a water layer and an oil layer.

he The water layer was treatsd with hydrochloric acid to libe-
rate organic scids. The mixbure was filtered and ether added to
extract the soluble p~tolulc acid while insoluble tersphthalic
precipitates cut andwas Filtered off and titrated separately.

5. The oil layer obtained in (3) was treated with sodium
bisulphite to form a bisulphite addition product. 7This mixture
was filtered ylelding the clear unreacted pwcymene and a mixture
of 801id material containing aldehydes and ketones. The mixe
ture was acidified with hydrochloric acid to liberate the aldew
hydes and ketones. Ihe producta were separated by fractionsl
distillation and identified by comparison of the physical constants
of the recoversd materials and literature values.



| 3l
6. The water layer in {3) was treated as follows: g sample

was titrated with 0.1N ¥aOH in order to obitain the total acidi-~

ty of the water phase.
T« Formaldehyde was determined by neutralising & portion of

the water layer to & thymol phenolphthalein and point, adding

standard sodinm sulfite solution and titrading to the same end

point with standardised aclid solution,.

% Formaldehyds = aecld titer x normality of acid x 3.008
WE. Of waber sample

8, Another portion of the water layer was extracted with
sbher o remove organic scidas. The ether was evaporated and
the organic aclds identified.



TABULATED RESULID

The data chbtained, tsbulated in Tables I to VIY following this
page, show varicus runs sade st different conditionz of temperature,
space velocity and mol yatios of air to p-cymene.

Ths operating conditions are listed in Tables I, IT and III and
the products in Tubles IV, V angd VI.

Table YII shows the temperaturs disteibution in vardious parts
of the reactor.
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AIR OXIDATION OF P-(YMENE
2® Dis, Stainless Steel Reactor

36

VYapor Phase
Fluid Bed Unit 1 Hr Zun
TABLE I,
Catalyst Operating Conditions
Ran Catalyst Bt. Volume Bed
Hoe Gatalyat Catalyst Height
Gme, ot, in.
1 A 1750 34
2 A 1750 3L
3 3 1750 3k
L A 1750 ah
5 i\ 1750 3
6 A 1750 3k
7 A (325 co .iaer:h carrier below sparger top)
8 3 200 3.8
9 B 200 3.8
10 ¢ 500 9:7
n ¢ 500 9.7
12 ¢ 500 9.7
1 c 97
1k D 782 625 12
15 ) 625 12




ATR OXIDATION OF P-CYMENE 37

Operating Conditions - Air Flow

PABLE II
Run Catalyst Alr Alr Spacs
R M & WER
1 hk.k heO 0.318 25.8
2 Lhohy ka0 0.318 1.9
3 Lheks . 4.0 0.318 555
k Lok L0 0.318 £9.3
5 kok 2.0 0,162 57.3
6 Lok 7.9 0,638 L9.0
7 Lheh Ko Fun Completed. Excessive carbon on cstalyst.
8 Note 6.0 O.lf1 287
¢ Note 4O 0.319 21,5.6

10 n k.0 0.319 258

n n o0 0.319 257

12 11 be0 0.319 257

13 1n LeO 0.318 127

1 n 10 0.883 59.6

15 n 10 0.883 59.6

Notet Kot determined but behaved very energetic indicating a rating
greater then 11 for the diluted catalyst bed C.



ATR OXIDATION OF P-CYNENE

Operating Conditions - Feod Rates

TABLE III
?of mcfi;n P~Cyuens Charged Mol Air
' Averags ce/hr Om/hr Mol p~Cymene
1 915 257 220 1400
2 720 &iﬁ) 377 8.15
3 682 620 5n 5478
b 585 788 615 L.55
5 530 670 57h 2.72
6 500 180 112 1he90
7 - - - -
8 520 920 788 5e65
2 630 8oo 685 L.50
10 560 1o . 69k heli3
u 790 B0 20 he2?
12 80 840 120 k27
13 910 B 330 5.1
s 910 25 193 bkl
15 980 205 193 kel




AIR OXIDATION OF P~CYMENE

Froducts
TABLE IV
WO gl B e
o e
1 165 - 92 8o 80
2 160 2.7 680 585 130
3 178 2.5 388 323 8o
b 175 1.1 1ne 278 50
5 173 3.1 550 L3 60
6 m 0.1 398 342 -—
7 — -— -— — —
8 176 0.0 880 755 -
9 176 0.0 755 69 -
10 95 0.0 785 675 -
11 108 1.5 780 670 ——
12 105 2.9 760 656 -
13 107 Lol 310 267 -
iy 80 x 0.1 160 138 0
18 85 x 9.0 148 128

x Not accurate due to intermixing of air stream at high flow.

Thermowell too near sir flow mixing tee Junction.
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AIR OXIDATION OF P-CYMENE
Analysis of Products

TABLE ¥

Sou oot mé%thalm Xoid In Yash
Acid Aldehydide Hater as
0il Layer 0i1 Layer P-Toluie
1 ) 0 —
2 o 0 —
3 o 0 -
L +] 0 -
5 0 0 0.83
& — — 0.009
7 — — —
8 3.99 11.7 o
9 3.72 12.% 0
10 Lo Ol 8.1 Trace
n 1.53 Le5 ¢
12 1.56 L.08 —
13 0.96 2.0 —
i 0.72 0.99 Tracs formaldehyde
15 3.25 537 .18




AIR OXIDATION OF P-CYMENE
Cil Product Analysis

TABLE VI
Run wT o/p T %% Product
Noe P-Toluic Terevphthalic Receiver
Acid Aldehyde Teup. %C
1 0 o 26
2 0 o 2L
3 o o 2}
L 0 o 2
5 0 0 27
6 ) 0 25
7 -— —— -
8 0.527 1.55 24
9 0.57L 2.0 2k
10 0.598 1.2 2
1 0.229 0.68 25
12 0.239 0.62 25
13 0.359 0.75 25
1 0,52 0.72 28
15 2.55 k.20 29




ATR OXIDATION OF P-CYMENE

Temperatures at Various Positions
of Reactor. °F
TABLE VII

Aun -1 X -3 | T=h 6
So. ! g;m
1 88s 917 915 655 150
&80 720 720 h30 250
3 65 682 670 WS 275
L 560 585 565 320 225
5 515 530 500 ns 280
6 b67 500 1,08 280 —
7 - - - — -
8 520 Note " Note Note 210
9 630 Note Yote Note 218
10 2715 390 560 560 195
n blo 665 780 k75 180
12 s 725 80 535 230
13 36c 665 910 &40 250
n 630 730 ‘510 600 160
15 930 980 950 725 190

Rote: Values too low indicated no catalyst near thermowell.

Ho record taken of low temperatures,



EFPECT OF SPACE VELOCITY

Space velooity is defined 2z the volume of air used per hour per
volume of catalyst space, or

Space Velooily g liters of sir 4
hours x liters of catalyst spice

The effect of Space Veleocily caloulsted for the various runs and
listed in Tsble IX showa the following oonditions for maximum yield of

aldehyde,

Heastion Twmperature 8098
Space Veloelty “ «& litera
Mol ratio, sir to p~Cymens " |

COp in exit ges .08



EFPECT OF AXR TO HYDROCARBON RATIO

The offect of the mol ratic of air to pecymens spparent fron
this work iz that relatively large amounts of air are needed even
for aldehyde production. The rums were mede at very low air o
pecymens 2ol ratlos in order to oblain more aldehyde than acid
formation. However, gince Shis progres weas not expandsd far encugh
no definite statement can be made on the proper retio to use for
maxisas production of aldehyde.



EFFECT OF TEMPERATURE

He heat balance was made on this unit. For a detailed heat
transfer study of resctors and converters the reader is referrved o
the work of Custav Wirth (18).

The effect of the temperature rangs employed in this work shows
the values of __170% as being the lower limit of oxidation and
approximately _ 530°C as being the upper limit before appreciable de-
composition of the pwcymene oocurs, resuliting in complele oxidation to
volatile acida, ecarbon dioxide and water.

The reccomended operating temperabure appears to be approximately
_515% at a mol ratio of air to peoymens of Uiel ,  These conditions

would apply only to Catalyst "D".



SUMMARY OF LIQUID PHASE OXIDATION

Examination of data of Senseman and Stubbs (16) for the liguid
phase oxidation of pecymene discloses 170°C as most practicsl reaction
temperature giving a pwboluic acid yileld of 33,1%, based upon the
p~cymene in the charge, and a maximm time of resction of 5 hours as
the nmost practical condition.

Smart Of L

46
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SUMMARY OF YAPOR PHASE OXIDATIONS L7

The work presented shows that the catalyst activity must first be
of & low valus in order to have the axidation controllable and resulting
in useful oxidation products other than carbon dioxide and water. Huns
1 to 6 showsd complete combustion due to a bigh activity caislyst carrier,
activated Alumina Hell.

Catalyst D gave the best production rate if cospared to the amount of
feed charged. The production rate can be increased materislly by ine
cremsing the oil and air fesd in proper proportions. The only limiting
facstor to consider is ths particle velocity as the catalyst muet be
kept in the regator at the flow condition. Inersase in bed helight woeuld
be necesskry slso if the resctor diameter ramsains the same.

The following conclusions &ibiFeNassd from this expleratory work:

1. A low activity catalyst sarrier must be used. Should be below 11 in
aotivity rating.

2. An aldehyde producing catalyst should be used in preference to acid
produsing catalysts as cperating ntrols would be essier to maintain.
Suggest MolybdeniumeChromium, Uraniums, Tungsten combinations,

3. Teapsrature mist be sufficiently high to show partial combustion
and formation of water and oarbon dioxlde. Measurement of carbon
dioxide formation would be goud proceds wontrel method.

L. Proper control of the alr to p-Cymens mol retio will give the proper
product required, aldehyde in preference %o asid,
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BAXPLE CALCULATIONS L8

Alr CPMoas = Air Rotameter reading corrected to 60°F,

For Bun 1. Alr Rotameter reading = L0 which corresponds
to 0,325 CFX at 729F and 1 ata. correct to 60°F
and 1 atm. by factor

= %g.%%%{} x 0.325 = 0,319 CFM

Spaces Veloolty = Liters of air 4 liters of gasaseous p-cymens per

liter of reactor volume per hour.
Space Velooity = Sv liter

B 2 a
0, reactor x

Por Run 1. pecymene charged = 257 co/hr.

m. = 2 C8e X ﬁagéz BB = 220
%. oo
azeﬁ = 1,54 moles p~oymens
ol EM

1.6 moles x 22.k liters at 320F 4 ) ate, » 36.7 liters

< 3¢ = 3?3 4 xé"z = LO.9

liters air at 2°F = CFYg 0¥ {%%é} F 0. 318(.945)(28.32)



¥ol air
Gn. alr

Cm. alr
Mol air

Mol aly

Mo) sir
For Fun l.

Hol alyr
BY pecymans

= (CPM)(¥in)(3h.78 factor)

= (CFM){(¥in ht?& e
Zﬂ Pﬂmjzéaﬁa aE?

= {(CPM){¥in 83€134.32
gm p-cymens

(CPK) (Min) (160.8 factor)
{em p-cymene)

n

ﬂ. & .8 = 1&.6

i
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