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This invention relates to catalytic dealkylation CsHn(R) 6-n+H2>CeHn+1'Rs—n-+R-H
of alkylated compounds, including alkylated aro- (R=alkyd)
matic and parafinic compounds.

Many compounds in the past have been sub-
jected to dealkylation but this dealkylation be-
comes increasingly difficult in removing the short
chain alkyl groups, such as methyl and ‘ethyl
groups, and a method for selectively removing
methyl groups from a compound containing a
multiplicity of methyl groups is particularly de-
sirable.

In straight-run gasolines there is normally pres-
ent a considerably larger amount of Cs, Co and
higher aromatics than the more useful lower boil-
ing homologues, such as benzene and toluene.
Thus, in a typical East Texas straight-run naph-
tha, it has been found that the total aromatic
portion consists roughly of 14 per cent benzene
and toluene, 26 per cent xylenes and the balance
high boiling aromaties (to 210° C.). Also it is

found that in the operations of thermal cracking,
' eatalytic cracking, hydroforming, etc., relatively
Jarge quantities of higher boiling aromatics are
produced. These aromatics boiling above 140° C,,
while possessing good rich mixture sensitivity and
high octane number, as do benzene, toluene and
the xylenes, nevertheless, on account of their
higher boiling points, can not be tolerated in
substantial quantities as aviation gasoline com-
ponents.

Accordingly, dealkylation may take place by
passing a high boiling alkyl aromatic or a mix-
ture, for example, an aromatic-containing petro-
leum cut, containing such high boiling alkyl aro-
matie, in vapor phase over and into contact with
an activated catalyst in the presence of hydro-
gen. It has been found that under these condi-
tions the alkylated aromatiecs can be dealkylated,
with - substantial conversion of, for example,
xylene, pseudocumene, etc,, into benzene, toluene,
ete.  Aside from these lower boiling aromatics,
the principal product appears to be methane.
The process is characterized by the following
equation:

© or, in the illustrative case of xylene: it
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CsH4(CH3) 2+ Ha~CsHs- CH3 -+ CHy
A

It is customary in employing catalysts of the
type employed in carrying out this. process to
maintain & hydrogen atmosphere over the cata-
lyst when not in use. Also, in regenerating such
catalysts, carbonaceous material is usually burnt
off at temperatures below about 400° C., followed
by reduction of the resulting oxide, e. g., nickel
oxide, in a hydrogen stream.

It is an object of this invention to increase
the liquid products yield in this type of reaction.

It is a further object of this invention to pro-
vide a process for dealkylation and particularly.
demethylation of either aromatic or aliphatic
compounds.

It is & further object of this invention to pro-

" vide a process for dealkylation and particularly
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demethylation of either aromatic or aliphafic
compounds with such control as to selectively
remove a single alkyl group.

" These and other objects of this invention are
attained by treating the compound to be deal-
kylated with hydrogen in the presence of a
metallic catalyst of the eighth group of the peri-
odic table at a temperature in the range 250° to
400° C.’ ‘

The temperature range 250° to 400° C. embodies
the operable temperature range for the dealkyla-
tion but peak eficiency is obtained in the tem-
perature range 275° to 300° C. In commercial
operation this latter temperature range is most
desirable. In the case of the aromatic compounds,
temperatures below 250° C. tend to cause satura-
tion of the ring while at temperatures above 400°
C. there is a greater amount of cracking than is
desired. : o . , '

The catalyst comprises-a metal.of the eighth
periodic group usually supported on -an inert
support, such’as alumina or kieselguhr, - Nickel




. 3 :
. is the most preferable metal, and this may be
* hest used in such a manner that there is 60 to 75
per cent of nickel deposited on the catalyst
support. '

Operable pressures will depend upon the de- 5
gree of dealkylation but will usually fall within
the range of from atmospheric to about 500 pounds
per square inch. . .

‘The compounds to be treated include aromat-
ics, either monoeyclic or polycyclic and aliphatics 10
such as paraffins and olefins. Aromatic com-
pounds include xylene, pseudocumene, mesitylene,
diethylbenzene, triethylbenzene, etc. Examples
of the parafiinic compounds include neohexane
and 2,3,3-trimethylpentane. While the invention 15
is directed to dealkylation generally, it is partic-
ularly directed to the dealkylation of the shorter
chain alkyl groups and most particularly to the
removal of a methy! group from a hydrocarbon
compound. 20

We have found that hydrogen pretreatment
of the catalyst has a markedly deleterious effect
on the catalytic dealkylation of higher aromatics
and aliphatics. During the initial period of re-
action following hydrogen pretreatment, an in- 25
controllable temperature rise occurs throughout
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tlon belng balanced by methane formation, When
methane-producing side reactions of the decom-
position type take place (see Reaction B, supra),
however, they result in a pronounced gas volume
coniraction. Moreover, gradually increasing con-
traction may take place upon long continued
runs, even following hydrocarbon pretreatment
according to this invention. This increase in con-
traction appears to be paralleled by increage in
catalyst temperature. ’

Thus, in a continuous process, a check should -
be made of gas volume contraction or catalyst
temperature, and the catalyst should be treated
by the method of the invention when required.
The method involves & pretreatment of the cata-
lyst with an inert deactivating fluid including
nitrogen-rich gases, other hydrocarbons, or the
charge itself, ‘

The following tables show the results of runs
on various high boiling alkyi aromatics. The
catalysts used were nickel supported or kieselguhr
and containing from 60 to 70 per cent by weight
of nickel. The runs were at substantially atmos-
pheric pressure. Other details of operation are
given in the tables.

the catalyst mass, amounting in some cases to Table I
60-75° C. The total liquid recovery is appre-
clably lowered, extensive dealkylation to benzene  Run Number ] 1 2 3
-occurs in the case of aromatics, the methane con- 30
tent of the exit gases increases greatly, sintering, Charge....__._. Giiaros===-=a==-=-----.| Xylene [xylene | xylene
and permanent impairment of the catalyst ac. Soas waMolo Charge ol oa| &3
tivily may occur. The overall effect of such re- Av. T, °C. ... I 308 | 280 272
action may be represented, in the exemplary case T ol % 5
of xylene, by the equation: " 85 HsPartsfar_.__ - -7 27.4] 27.8] 28
(CH3) 2+ 11H;~8CH (B) W et oot t’lnmiiééé%'r'i """"""" 3| 73 83
CeHs 3 2 ) 4 Pm'%ucts, PrOdi g'auis: e 5'6 7'5 0
It appears that as a result of prolonged hydro- oltione’ Wi Dok ORee oo - : -
Toluens, wt. percent.._____ -~ _"" 2481 285 23.0
gen pretreatment of the catalyst, the catalyst ]eng. wt. p’éﬁ eent__..__.... - 70 70.0 | 64.0 73.0
surface is initlally covered with a high hydrogen q ExitGas partyjir.....-- /770 a7 BnL omo
concentration which would be expected to pro- 2.0 887 335
duce extremely rapid reaction at the start of a et e 8
run, This rapid reaction rate may in turn pro- )
duce a catalyst temperature rise on account of
Table 11
Run Number....... ... 4 5 _6 7 8 9 10
Charge diethyl- | diethyl- | triethy)- | cumene | cumens cumene | mesitylens
. ene | benzene | benzene
Moles Hﬁmole Charge.a.uee........ 2.4 2.3 3.3 2.8 2.4 2.3 2.6
Space Veloclty......_......TTTTT" 0.53 0.51 0.46 | 0.441 047 o0.40 0.4
Av. T, *C 268 283 289 21 280 | . 295 280
Max. T 272 26| 21 200 319 256
Throughput 1.02 1.02 0.921 08! 0711 o088 0.59
Run Duration, min.._.__..2707" 115 120 120 120 20 120 50
Hy Parts/Br 4 27.5 27.37 2.3 2n7! o8 2.5
Wt. Per Cent Liq. Recovery. 91.6 87,4 92| 7| 881 75.6 80. 4
Products, Wt. Per Cent:
Bentene, trace trace |......._._. trace 2,5 4.0 2.0
Tolaene, } 1.0 30T 5.5 7.5 9.0 8.5
7 6.5 8.0 L0 6.0 6ol 7o
Ethylbenzene.. . . T - 777" Rl ittt
I\Iégi ymylbennne ............ o 13.8 190 foemeo e X
Diethylbenzane. . ..oooo 70,0 70.0 7.0 -
8.5 840} 80.0(.. I
Triethylbenzene . Rl c 31 PO MO FEURR M
Exit gas partsfhr_. .o o0 27.0 26,6 26,4 21| 254 "®B7 20,7
drogen. ..o 87.2 80.7 8L51 87.0]| 70.4] 308 87.2
ethane 1.4 18.1 8.7 1.8f 271.4| 84 .5
Ethanet 1.4 12 1.8 1.2 2,2 1.8 1.3
Vol. Hy/Vol, Exit Gas_....._..-7-7" 102 1.03 L03| L05( 1.09| 1.18 1.

1 Contains 2% of material boiling between diethyl and triethyl benzene.

excessive heat of reaction, The combination of 70
. high catalyst temperature and high surface con-
- centration of hydrogen is probably responsible
for the complete decomposition reaction,
Reaction A ahove shows that no gas volume
change takes place therein, hydrogen conswnp- 78

The above tables illustrate that a high degree of
demethylation is secured by the process.

The following table illustrates the conditions
and results obtained on o xylene charge wherein
the catalyst is cobalt-thoria-kieselguhr in a
weight ratio of 100-18-100:
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Table II7 42-48:1, in which the catalyst (same as that
_ Run Number 11 described in Table I) was pretreated with xylene
Charge <. - oo ?n :lr)yelexla e alone before the first run (liquid throughput
Moles Ha/mole Charge. ... ..o oo .. 19 0.12). Cumulative throughputs (i. e. volumes of
Space velocity D o 8.0 s liquid xylene per volume of catalyst) are tabulat-
Av. T o0, o TTTommomememmmemeeens 2 ed and the data under the throughput entries re~
MV- &‘ ettt 67 fer to the average yields and temperature for the
ax, T, °C. e 269  run periods shown. Between successive runs, the
Throughput - 139 catalyst was maintained in a hydrogen atmos-
Ha part;s/h;~ .............................. 27.5 10 phere at 305° C. This hydrogen treatment was
Run duration, min. . 105 in all cases of such duration as would normally -
Weight percent liq. recovery - memaomeex 95.3 produce a highly exothermic initial reaction.
Table V
Run Number. ...ooeeeo oo 17 18 19 20 21 22 23
Cl(z{rmilatige lThroughx}ui;r Chg:irvals
015, 0f X . - . 3 5.
LS WS | g cnugs | Ll Lls | 1n0Ls | LBgy )| Lwb gy
Per cent Methane in Exit Gas.. ) 3.4 7.0 7.2 20.1 16.2 3aLe 2.6
Benzene, Vol. Per cent. trace 0.5 3.3 4.5 6.5 9.0 10.0
Toluene, Vol. Per cent. 16.0 10.3 26,2 35.0 35.0 36,7 3.5
Hyarosen, Oharme/Bxit Gas 0.954 0.5% 0.38 100 0% oo o
Av. Cat. Tempo ... "312 "312 ‘312 ‘317 ]95%? -0 Rt
Products, prod. basis: Run Number 11 _ While catalyst activity is somewhat reduced by
Benzene, we_lght percent .. __.______._ 2.0 28 the hydrocarbon pretreatment, normal activity
Toluene, weight percent_ .. ._____ 85 is restored after a liquid throughput of about 2.0,
_ Xylene, weight percent - _____ 895 and in no case does the exothermic reaction pro-
Exit gas parts/hr oo 26.1 duce a temperature rise of more than 15° C, The
Hydrogen e eeeem 86.1 20 trend toward increased temperature may be coun-
Methane ..o 118 terbalanced by a periodic hydrocarbon treatment
Bthane+ e 21 of the catalyst.
Vol. Ha/vol. exit gas _ oo 1.056 By a comparison of Tables IV and V, it will

In the following table are shown results of
three runs (12, 13, 14) of xylene dealkylation of
the usual, initial highly exothermic type of re-
action with hydrogen treated catalyst and for
comparison two runs (15, 16) on the subsequent
stage of the reaction after the catalyst tempera-
ture had subsided. These runs were carried out
with an initial catalyst temperature of 305° C.
and g hydrogen to xylene ratio of 4.2-44:1. The
catalyst was nickel supported on kieselguhr,

Table IV
Run Number. . cococoooomannanns 12 13 14 15 16
Average Temperature, °C......... 337 326 | 339 312 813 -
Maximum temperature, °C_. ... 871{ 374 300{ 316 | 318
Liquid Space Velocity........—_.. 0.3710.360.38]0.3}| 0.36
Throughput, Vols./vol. eat- ... 0.371042(035}| 1,14 1.26
Liquid Product:
Liquid Recovery, Vol, per
cent. . 68.4 | 71.4 66,9} 93.9] 90.9
Benzene, Vol,, per cent.__.....f-__... 126.5 {oceene 4.5 4.1
Toluene, Vol., per cent.. 139. 5 28,51 319
4. 7| 74.8
2. 1| 749
87.2
10.6
2.2
98

1 Three runs (12, 13, and 14) combined for distillation analysis.

From the above runs, it is evident that while
a high degree of demethylation is secured fol-
lowing hydrogen pretreatment, a high ultimate
recycle yield could not be obtained under these
conditions, because of the low liquid recovery.

Various other runs which were conducted illus-
trate that the higher hydrogen to hydrocarbon
mole ratios give higher conversions. Thus while
hydrogen-to-hydrocarbon mole ratios in the
range of 1:1 and 5:1 are desirable, a ratio of
about 4:1 is preferable.

The following table gives the results of a series
of runs carried out at an initial temperature of
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be seen that an increased liquid recovery is
attained with the Xxylene pretreatment of the
catalyst. :

Table VI shows results obtained with the alter-
native expedient of following hydrogen reduction
with pretreatment of the catalyst (same as in
preceding table) in a nitrogen stream. In the
three examples, the catalyst was pretreated at
305° C. for 18 hours.in a nitrogen stream. Be-
tween each run, i. e. between 24 and 25, and 25
and 26, sufficient hydrogen was passed over the
catalyst normally to produce an initial decompo-
sition reaction. The hydrogen-xylene ratios were
as in the preceding table.

Table VI

Run Number. et reemm——————— 24| 25 26
Average Temperature, °C......oceoooooemoooae 312 314
Maximum Temperature, °C_ 314 | 316
Liquid 8pace Veloelty. ... .ocoooooaaniian 0.37 | 0.36
Throughput, Vol./Vol. Cab.ea oo 1.28| 1.16

Liquid Product:
Liquid Recovery, Vol. percent_..._._._.... 04.519211 9.8
Benzene, Vol. per cent... 3.5| 3.5 5.5
Toluene, Vol, per cent 23.520.5 33.5
Hydrogen Charged, parts.. 74.8 | 75.1 | 69.5
Exit Gas, parts........... 74.8 | 75.4 | 70.1
ﬁydrogen ................................ 90.5 | 87.7 1 85.2
ethane. ... el 801100 12.7
Ethanet oo anaas 1.5 23 1.9
Efficiency, per cent............ -] 98 98 98
It is manifest from the two preceding tables

that where the catalyst has been pretreated, for
example, with hydrocarbon charge alone or with
nitrogen, there is no appreciable gas volume con-
traction. However, subsequent prolonged treat-
ment of the catalyst with hydrogen will again
produce a contraction,

Following run 26, the catalyst was subjected to
a hydrogen treatment 23 times that normally
required to produce the exothermic reaction. The

305° C. and with hydrogen-xylene . ratios of 78 results are shown in the following table:
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Table VII ’

Run Number 37

Average temperature, °Cooovcccmaac-. 344
Maximum temperature, °Co = 385
Liquid space veocity_ 0.38
Throughput, vols./vol. cat e 0.50
Liquid product: :
Liquid recovery, vol. per cenf——._._._ 62.1
Benzene, vol. per cent 23.6
Toluene, vol, per cent.. .. 343
Hydrogen charges, parts_. ... 28.7
Exit gas, parts oo 24.7
Hydrogen ...- — 25.0
Methane cvevccac e —— e —— 723
Ethane-+ oo 2.7
Efficiency ... - percent.. T1

The hydrogen-xylene ratio was the same as in
Table V. A considerable contraction in gas vol-
ume, and a marked rise in temperature are evi-
dent.

In the above Tables IV, VI and VII are given per
cent efficiencies. These are calculated as the
moles of liquid product divided by the moles of
charge times 100, During the highly exothermic
reaction shown in runs 12, 13 and 14 efliciency
was relatively low. Run 27 has a very low effl-
clency since it is an example where the cata-
lyst was purposely pretreated with hydrogen,

When this highly exotherinic phase does not
occur, the efficlency is quite high. Where the
catalyst had been previously flushed with nitro-
gen, as in runs 24, 25 and 26, efficiency was 98
per cent. Similarly, the series of runs shown in
Table V had an average efficiency of 95 per cent.
In runs of relatively long duration after the exo-
thermic reaction has run its course, high effi-
ciency may subsequently be attained as in runs
15 and 16 where the average efficiency was 98
per cent.

What we claim is:

1. In & process for catalytically dealkylating
a high boiling alkyl aromatic hydrocarbon into a
lower boiling homologue while in contact with
hydrogen, a metallic catalyst of the eighth group
of the periodic.table, and at a temperature in the
range 250° to 400° C., the step which comprises
treating the catalyst in the absence of hydrogen
with said high boiling alkyl aromatic hydrocar-
bon.
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2. The method of dealkylating a high boiling
alkyl aromatic hydrocarbon into a lower boiling

- homologue which comprises contacting a mixture
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containing hydrogen and the said hydrocarbon

-with an activated nickel catalyst at a temperature

of 250°-400° C., and periodically eliminating the
hydrogen from the mixture while continuing con-
tact between the catalyst and the alkyl aromatic
hydrocarbon.

3. The method of converting a high bolling
alkyl aromatic hydrocarbon into a lower bolling
homologue which comprises passing a mixture of
hydrogen and the said hydrocarbon over an
activated nickel-on-kieselguhr catalyst at a tem-
perature of 250° to 400° C., and periodically re-
placing the said mixture by a current of nitrogen
gas.

4, The method of dealkylating a high boiling
alkyl aromatic hydrocarbon into a lower boiling
homologue which comprises contacting a mixture
containing hydrogen and the said hydrocarbon
with an activated dealkylation metal catalyst of
the eighth group of the periodic system at a tem-
perature of 250° to 400° C., periodically testing the
catalyst temperature, and periodically treating
the catalyst in the absence of hydrogen with a
fluid which will remove hydrogen from the sur-
face of the catalyst and thus reduce its activity
whenever said catalyst temperature reaches a
predetermined maximum.

: CHARLES W. MONTGOMERY.
WILLIAM A, HORNE.
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