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REVIOUS papers (1, 2, 4) have dealt with the development
and use of the Atlantic Catforming catalyst for the octane

improvement of straight-run naphthas. Platinum on silica-
alumina is an active catalyst for dehydrogenation of naphthenes,
isomerization of paraffins and naphthenes, dehydrocyelization
of paraffins, and the hydrocracking reactions. By deactivating
the silica-alumina base, these reactions can be properly balanced
to improve octane number with a minimum loss in volume of the
naphtha being reformed,

The production of benzene from a Cgs naphtha fraction requires
a catalyst of similar balanced activity. In this case, the two
most important reactions that must be promoted are the dehy-
drogenation of cyclohexane (CH) and the dehydroisomerization
of methyleyelopentane (MCP). The dehydroisomerization of
methyleyclopentane is the more difficult to achieve, but because
about 509% of the naphthenic hydrocarbons in most naphthas
are of the cyclopentane type (3), the catalyst used for making
benzene must be very active in catalvzing this reaction. Dehy~
droisomerization involves an isomerization action of the catalyst.
This must be done without appreciable hydrocracking, or benzene
will be lost through the formation of hexanes and paraffing of
lower molecular weight. The problem is again one of selectivity
or balancing the various reactions that the catalyst promotes.

This paper presents the results of an experimental program
carried out to investigate the conditions under which the highest
conversions of methyleyclopentane and cyclohexane to benzene
are obtained using the Atlantic Catforming catalyst. The work
consists of two parts: an investigation of the effect of operating
varjables on the reactions of a given mixture of hydrocarbons,
and a study of the effect of the composition of the mixture, when
these optimum operating variables are used.

STUDY OF OPERATING VARIABLES

For this investigation, a synthetic blend consisting of 409,
hexane, 30% methyleyelopentane, and 309, cyelohexane was
used. 'This was chosen because it is
similar to a typical Cy naphtha cut
but is more easily analvzed by mass 100

because at higher pressures the beuzene-cyclohexane equilibrium
is unfavorable for the production of benzene except at very high
temperatures, and at pressures below 175 pounds per square inch
gage deactivation as a result of coke laid down on the catalyst
becomes a problem.

Pressure affects both the dehydrogenation of cyclohexane and
the dehydroisomerization of methyleyclopentane, Its effect on
dehydrogenation is shown in Figure 1,4, B, and €. In these
plots, only the reaction between benzene and cyclohexane is con-
sidered. The percentage of benzene in the product is com-
puted and compared to the equilibrium values, shown by the lines
calculated from thermodynamic data (8), with corrections for
nonideality. Because of the complexity of the temperature dis-
tribution in the catalyst bed, it is difficult to check the attainment
of equilibrium aeccurately. The experimentally found benzene
concentrations, therefore, are plotted against three different tem-
peratures:

That obtained by averaging the readings taken at small inter-
vals through the bed, using a thermocouple located in a well
through the center of the bed.

The catalyst bed outlet temperature, also measured in this well.

The catalyst furnace temperature.

In the first two cases the observed concentrations of benzene
are equal to or higher than the equilibrium values, which is to be
expected, as these temperatures are equal to or lower than the
furnace temperature, In the plot against furnace temperature,
agreement within experimental crror is obtained except for
two points at the lower temperatures at 175 pounds per square
inch pressure and a space veloeity of 8.0 volumes of feed per
volume of catalyst per hour. [Iven here, however, the experi-
mental value corresponds to an equilibrium value at a temperature
that lies between the observed outlet and furnace temperatures,
These data, then, indicate that under the conditions investigated
the dehydrogenation reaction goes rapidly to approximately
cquilibrium, as reported for other platinum catalysts (5). For

spectrometry. Three variables—pres-
sure, liquid space velocity, and tem-
perature—were studied, At each con-
dition of pressure and space velocity,
a 150° F. range of temperature was
covered in 50° intervals. The results
are presented in Table I.

The high pressure, dynamic, bench
scale unit used in this work and the
procedure used in its operation have
been deseribed (1). Pure cyclohexane,
methyleyelopentane, and hexane obh-
tained from the Phillips Petroleum L
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100 A B ¢ It becomes readily apparent in con-~
sidering Figures 1 and 2 that it is
difficult to define the reaction tem-

w80 perature of a highly endothermiec
z catalytic reaction. No single method
Deo of indicating the temperature will fit
o all the conditions used., If only one
2e method must be chosen, the authors
w 40 feel that outlet temperature is the best
g representation of the true value.
20 Although in the runs made at a
3:‘ pressure of 500 pounds per square
G inch, the space velocity data at 3.0
0 : ‘ volume/volume/hour follow the
700 800 900 1000 700 800 900 IC00 700 800 300 {000 equilibrium hne’ appreciable losses of
AVERAGE OUTLET FURNACE

TEMPERATURE °F.

Figure 2.
Cyclohexane-Benzene

40% n-Ce=30% MCP=~309% CH

The same reasoning will explain the still higher benzene concen-
tration obtained at the two lower temperatures of the runs at a
space velocity of 6.0 volumes/volume /hour, A comparison of the
points for the two higher temperature runs at a space velocity of
6.0 volumes/volume/hour plotted in Figure 2,B and C, indicates
that the temperature corresponding to that for which the experi-
mental results are equilibrium values falls between the outlet
and furnace temperature.

At the lower pressure, where the contact times for an equiva-
lent space velocity are shorter, and at lower temperatures and
higher space velocities, there is appreciable isomerization, but
not sufficient to establish equilibrium methyleyclopentane values,
At the higher temperatures, except for the runs at a space velocity
of 6.0 volumes/volume/hour, if the average or outlet tempera-
tures are considered, the equilibrium appears to be established,
but thisis not true if the furnace temperatures are used. Because
of the large difference between the furnace and central outlet
temperature, benzene concentrations equivalent to the higher
temperature would not be expected. The progressively greater
difference between the experimental and equilibrium values shown
in Figure 2,C, as the space velocity increases is, then, a result of
both an increasingly large difference between outlet and block
temperatures and less isomerization.
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Effect of Methyleyelopentane Concentration
on Selectivity

Figure 3.

500 pounds per square inch gage
LHSYV. 2.0 vol./vol./hour (3.0 for 1009 MCP)

Dehydroisomerization Equilibrium of Methylcyclopentane~

cyclics to paraffins because of poor
selectivity make these conditions less
desirable. At 175 pounds per square
inch, very nearly equilibrium concen-
trations of methylcyclopentane,
cyclohexane, and benzene can be estab-
lished under conditions where there
is a very small loss of naphthenes to undesired by-products.
The actual conversions and yields of benzene, as shown in
Table I, indicate that at a space velocity of 1.5 volumes/volume/
hour almost 909 of the naphthenes can be converted to ben-
zene with only a 3%, loss to by-products.

EFFECT OF COMPOSITION OF HYDROCARBON MIXTURE

Farly work on benzene production at 300 pounds per square
inch gage using completely naphthenic materials showed (Figure
3) that the selectivity became much poorer as the concentration
of methyleyclopentane in the hydrocarbon mixture increased.
In this plot, the 45° line indicates a selectivity of 1.0, or no loss
of naphthenes by hydrocracking. With pure methyleyclopen-
tane, these losses to paraffins were very large and resulted in low
yields of benzene.

VariaTions IN METHYLCYCLOPENTANE CONTENT. As the
conditions for maximum selectivity have been determined, it
is of interest to investigate the effect of variation of methyl-

cyclopentane under these more suitable conditions. To do this
90 T T v T T v 7 '
e o
%
80r 40% 1
MCP
48%
MCP
70F ]
57 % MCP~-30%CH
§ so- {Nophtha cut)
o
QD
@ i
o 50- 1
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[=3
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se 20 1
20 4
‘o 1 5 ] 1 1 1 4 ‘
20 30 40 50 60 70 80 90 100
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Figure 4. Effect of Methylcyclopentane Concentra-

tion on Selectivity

175 pounds per square inch gage
LHSY. 1.5 vol./vol./hour
40 % n=Ce=60 9% MCP plus CH (except naphtha cut)
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40 % n~C=~309 MCP=309, CH

Q 175 pounds per square inch gage
@® 500 pounds.per square inch gage

the 409 hexane~30% methyleyclopentane—30% -cyclohexane
blend was altered to maintain the 409, hexane, but increase the
methyleyclopentane concentration at the expense of the eyclo-
hexane. Runs were then carried out at a pressure of 175 pounds
per square inch and a space velocity of 1.5 volumes/volume /hour.
The effect of this increasing concentration of methyleyclopentane
on the naphthene conversion selectivity is shown in Figure 4.
The trend shown previously is observable in these data, but to a
considerably smaller extent, The selectivity of the conversion
falls off as the concentration of the methyleyclopentane increases.
But even at a 4 to 1 ratio of methyleyclopentane to cyclohexane in
the 609 naphthenes present, good selectivity is obtained,
since at 89% naphthene conversion, 77% benzene is produced.
Under these conditions, high conversions can be obtained with
charge stocks high in methyleyclopentane with relatively little
loss through hydrocracking.

Data obtained on a Cs naphtha fraction are also included in
this graph. Analysis of this particular cut showed it to contain
57% methyleyclopentane, 309, cyclohexane, 39, benzene, and
109% hexanes and heptanes. These points fall in line with
the rest of the data, the selectivity being inversely related to the
methylecyclopentane content. Here an 839, conversion results
in 72%, benzene.

As the data indicate that the presence of small amounts of
cyclohexane reduces the hydrocracking of methyleyclopentane,
it was of interest to investigate whether this was a result of the
presence of benzene formed rapidly from the cyclohexane, since
benzene has been shown to be a cracking inhibitor in some cases
(8, 7), or a heat effect wherein the endothermic dehydrogenation
reaction offsets the exothermic hydrocracking reaction. Either
would explain the observed improved selectivity as the cyclohex-
‘ane content is increased, since the cyclohexane would rapidly
dehydrogenate to supply benzene as an inhibitor and in so doing
would lower the catalyst temperature. To distinguish between
the two effects, a hydrocarbon mixture of 409, hexane, 309,
methyleyclopentane, 3% cyclohexane, and 279, benzene was used,
the latter two being approximately in equilibrium concentrations
for the conditions used. In this way, the occurrence of the endo-
thermic dchydrogenation reaction was kept to a minimum
and there was still benzene present to reduce the hydro-
cracking of methylcyclopentane, if it were effective in doing so.
Table IT shows that good selectivity was obtained at high naph-
thene conversions, which seems to confirm the role of benzene as
an inhibitor,

Pararrin Reacrions, The production of benzene is, of
course, the aim of the investigation, and 409 hexane was added
‘to the blend only to make it representative of a Cy naphtha frac-
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Effect of Space Velocity on Hexane
Conversion

Figure 6.

175 pounds per square inch gage

tion. DBecause, however, complete analyses of the products were

obtained, the reactions which the paraffins were undergoing at

the same time as the naphthene reactions were also evaluated.

Figure 5 shows the effect of pressure on the conversion of hex-
ane to branched isomers. It is evident that, as pointed out for
nickel on silica-alumina catalysts (1), at a constant space velocity
the conversion is a function only of temperature and not of pres-
sure. Previously it was shown that if the total pressure were
increased and the contact time maintained constant, the hexane
conversion decreased. Since here the space velocity is maintained
constant, the increased contact time balances the effect of total
pressure, and the conversion remains constant. Other explana-
tions, such as competition of other molecules for adsorption on
active sites at
the higher pres-
sure, are ruled
out because pure
80F hexane gives
similar results
(1). The data
obtained at the
lower pressure
shows very good
selectivity, as
was the case for
the naphthene
reactions. At
500 pounds per
square inch
gage, however,
higher yields of
isomers were ob-
tained than
could be ex-
pected from the
hexane converted. As under these conditions the selectivity of
the naphthene conversion was only 0.46 to 0.77, the additional
hexane isomers must be a result of the hydrocracking of the
naphthenes. Because of this it is not possible to calculate accu-
rately the true selectivity of the hexane conversion for these runs,

Figure 6 shows the effect of space velocity on hexane conversion
at 175 pounds per square inch gage, where the conversions are
not obscured by the naphthene reactions. Compared to the
earlier graph showing the effect of space velocity on naphthene
conversion, hexane isomerization is more sensitive to space

100 T T ; T v

60t 40 % MCP

30%
40r MCP

} SN S

48 % MCP

% n—Cg Conversion

20~

|
B
I
|

L I ! L

Q
700 800 900

Average Temperature -°F

Figure 7. Effect of Methyleyclo-
pentane Concentration on Hexane
Conversion

175 pounds per square inch gage
LHSY. 3.0 vol./vol./hour
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TasLr I1. Errscr oF BENZENE ON SELECTIVITY

(409, n-Ce-309, MCP-3%, CH-27% benzene.
LHSV 6.0 vol./vol./hour. He/HC = 10.
175 1b./sq. inch gage)

Temp., %% Naphthenes ; X
° 1. Converted Seleetivity
850 39.2 0.99
900 82,5 0.85
950 7.7 0.98

velocity than is the dehydroisomerization of methyleyclo-
pentane.

Throughout this study of the effect of methyleyclopentane
concentration, the hexane content of the charge was kept constant
at 409%,. Nevertheless, there is an observed difference in its con-
version level in each series of runs made at a different methyleyclo-
pentane concentration, as shown in Figure 7.  An inerease in the
methyleyclopentane appears to lower the hexane conversion,
This cannot be explained either by more hydrocracking, since the
runs where there was the most hydrocracking showed the lowest
hexane conversions, or by difference in temperature profiles,
since the 489, methyleyclopentane runs had the highest tempera-
ture throughout the bed and still showed the lowest conversions.
The only explanation appears to be a competition for the catalytic
surface between the methyleyelopentane and the hexane, with the
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former having the better of the competition. A more detailed
explanation is not possible, hut it is clear that the hexane reac-
tions are influenced by the nature of the eyclic components
present.
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Thermoplastic Water-Soluble
Synthetic Gum
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HE water-soluble natural gums have served man for cen-

turies as thickeners and binders for a wide range of indus-
trial and pharmaceutical products. As our industrial economy
expanded, a need for similar water-soluble products of improved
properties arose. Thus the synthetic cellulose ethers came into
being in an attempt to increase the knowledge of the structure
of carbohydrate polymers and to bhroaden the flelds of applica-
tion for carbohydrate gums.

Suida (22) in 1903 proposed the etherification of cellulose and
reacted dimethyl sulfate with an alkali-swollen cellulose, but he
did not obtain the cellulose ether as an entity., Iilienfeld
(20) in 1912 and later in 1028 (21) outlined the field of cellulose
ether technology. He described organo-soluble ethers, ethers
soluble in cold but not in hot water, mixed ethers, and ethers
of varying degrees of substitution (D.8.). Leuchs (79) and
Dreyfus (72) in 1912 also claimed organoc-soluble cellulose ethers.
Worden (23) described the resulting patent race.

Denham and Woodhouse (5, 6) prepared methyleellulose as an
aid to establishing the structure of cellulose. Haworth (15)
prepared methyleellulose by simultaneous hydrolysis and meth-
viation of cellulose acetate. Jansen (17) described carboxy-
methylcellulose in 1921, This derivative was manufactured in
Germany prior to 1924 (4). Hydroxyethylcellulose was men-
tioned by Hubert (16) in 1920. Benazyleellulose, which is manu-
factured in Europe but not in the United States, was described
by Gomberg and Buchler (14). Several mixed ethers, hydroxy-

propylmethyleellulose (11) and carboxymethylhydroxyethyl-
cellulose (18) have also been described.

However, since these water-soluble natural and synthetic
gums lack a melting point, and since the difficulty of finding a
suitable plasticizer-solvent for these materials has been con-
siderable, the use of either of the above classes of gums in the
field of thermoplastic fabrication has been negligible.

A new type of modified methyleellulose has recently been
synthesized which overcomes the barriers described and again
opens the door to an entirely new field of use for synthetic water-
soluble gums. This cellulose derivative combines the water-
soluble properties of the hydrophylic gums with sclubility in
certain hot and cold organie solvents. By use of the proper
techniques it is possible to extrude, injection mold, compression
mold, and hot cast a water-soluble cellulose derivative using
standard plastic fabricating equipment.

EFFECT OF MODIFICATION OF THE SUBSTITUTION ON
THE ANHYDROGLUCOSE RING

The steps in the development of this produet, which has been
given the designation of Methocel 2602, afford an interesting
study of the effects which the type and amount of substitution
on the anhydroglucose ring of cellulose can have on the properties
of cellulose ethers.

The synthetic gum methyleellulose is produced by reacting
alkali-cellulose with methyl chloride. By a suitable choice of



