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Appiication December 27, 1955, Serial No. 555,583
12 Claims, (Cl. 260—5668)

‘This 1nvention relates to a process for the production
of diarylmethanes, and more specifically to a process
for the production of diarylmethanes by condensation of
aromatic hydrocarbons with formaldehyde in the pres-
ence cf porous, solid, acidic catalysts.

It i1s a principal object of the present invention to
provide an improved process for the production of con-
densation products of aromatic hydrccarbons and form-
aldehyde containing essentially only diarylmethanes
and no more than a low concentration of triaryldi-
methanes (arylmethyl-diarylmethanes). It is a further
object to provide an improved process for converting
aromatic hydrocarbons and formaldehyde into diaryl-
methanes in high yield with high selectivity. A further
cbject of the invention is to provide a commercially suit-
ablg process for the production of diarylmethanes. It is
a specific object of the present invention to provide an
improved method for preparing the bis-diarylmethane
compecunds in which the aryl groups are tolyl, xylyl, and
trimethylphenyl, respectively. Other objects of the
present invention will appear from the following de-
scription thereof, which will be made with reference to
the accompanying drawing, the single figure thereof rep-
resenting a schematic flow diaﬂram of one mode of
practicing the invention.

The present invention provides an improved method
for converting alkyl substituted aromatic hydrocarbons
having at least one unsubstituted nuclear carbon atom,
into diarylmethanes in high yield with l:ufrh selectivity by
condensation with formaldehyde in a process suitable for
eg}mmerejal use. Brieily, the eresent invention provides

-----

taehat, felmaldehyde w1th a sun:able B.I'OH]EitIC h ;droear-
bon feed 1mn slurry meludmg a ﬁnely dwlded POTOUS,
solid acidic catalyst while maintaining a high effective
ratio of feed aromatic to formaldehyde and a short
contact time by introducing formaldehyde into the liquid
at a contrclied rate to maintain the reaction time at a
low value, e. g., less than 15 seconds, continuously with-
drawing {rom the reaction zone a vapor stream contain-
ing the water added and that formed in the reaction,
and recovering diaryimethanes from the reaction mass.
suitable hydrocarbon feed stocks for the present in-
vention are alkyl substituted monocyclic aromatic hydro-
carbons containing at least one unsubstituted nuclear
carbon atom. The reactivity of aromatic hydreearb_ea_a
with formaldehyde under the conditions of the present
invention increase with the mereasmg number of alkyl
sibstituents in the ring. Benzene is not readil y converted
to diphenvlmethane according to the present invention.
Mconocyclic alkyl aromatic hydrocarbons coniaining at
ieast one unsubstituted nuciear carbon atom, and having
no more than six carbon atems 1n any ene aikyl group
and no more than 15 carbon atoms per molecule are
preferred feed stocks. Especially preferred feed stocks
are the mono- to penta-methyibenzenes, namely: toulene;
the xylenes, either as the individual isomers, particularly
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ortho- and meta-xylene, or as mixed xylenes, including
para-xylene; the trimethylbenzenes, either as the indi-
vidual isomers hemimellitene, pseudccumene and mesii-
ylene or as a mixture of the isocmers; the tetramethylben-
zenes, either as the individual isomers paruealany
prehnitene and isodurene or as a mixture of the isomers,
including dtrene; and pehtamethylbemene Generally
preferred as aromatic hydrocarben feeds in the preaeht
inventicn are. toluene, mixed xylenes, and pseudocumene.

Aromatics having alkyl substituents other than methyl
groups can be employed as feed stocks for the present
inventicn, including, for example, ethylbenzene, ethyltol-
uenes, ethyixylenes, diethylbenzenes, cumene, isopropyl
toluenes, 1sepropylxylenes and the like.

Generally it is desirable to employ the aromatic hydro-

arbon feed stock as a relatively pure fraction of a single
molecul’ar weight range, e. g., a concentrate of toluene,
of xylenes, of tnimethyl benzenes are the like. When em-
ploying such fractions, the resulting diarylmethanes are
substantially of a single molecular weight range and are
very suitable for further conversion, e. g., by hydrocrack-
ing, into one aromatic compound corresponding to the
feed and another corresponding to the feed aromatic
having a methyl group added to the aromatic nucleus.
The present invention can be also employed, however,
for producing mixed diarylmethanes from a hydrocarbon
feed stock eentaimhg aromatic hydrocarbons of different
molecular weights. | .

The condensation products produced according to the
present invention are suitable for use as high boiling aro-
matic solvents, as charge stocks to a hydrocracking step
to produce methylated aromatics, or as intermediates
in the production of insecticides or of Wettmg agents
- The diarylmethane compounds . resulting from the use of
toluene, mixed Xxylenes, pseudeeumene, mesnylene and
mixed tetramethyleenzenes as feed stocks are suitably
hydmeracl{ed in accordance with the method described
in patent application Serial No. 399,570 of L. C. F etterly,
filed December 21, 1953, to produce, respectively, in sub-
stantial yield paraxylene, pseudocumene, durene, isc-
durene and pentamethylbenzene,

It is important in the present invention that the form-
aldehyde be added to the slurry comprising aromatic
hydrocarbon feed and suspended catalyst at a controlled
rate such that the amount of monomeric formaldehyde
entering the liquid phase at any one time is no more than
can be substantially completely reacted with the aromatic
il a very short period It is, therefore, preferred to add
the formaldehyde in the form of fo**maldehyde n10no-
mer, either anhydrous or aqueous, at a controlied rate,
When non-aqueous monomeric formaldehyde i1s used, it
may be charged to the reaction zone as a gas or in solu-
tion in organic liquid, e. g., in part of the aromatic hy-
drccarbon feed stock. The aqueous formaldehyde may
be charged as a liquid or a vapor stream.

The prior art workers have generally found the use of
aqueous formaldehyde, such as formalin, to be unde-
sirable in the proeduction of diarylmethanes because of
the large amount of water thus added to the reaction
zone, which dilutes and deactivates the catalysts employed
by the prior art in the production of diarylmethanes. In
operating according to the present mventlon aqueous
formaldehyde solution such as formalin is the preferred
form in which to charge the formaldehyde to the reaction
zone. The solution may contain from 1% to 60%, by
WElght or more of formaldehyde. A concentration be-
tween 30% and 50% is preferred, commercial formalin
of about 37% formaldehyde content bemg espema_ly
suitable.

The catalysts suitable for use in the present mvennoa

- are solid catalysts of substantial porosity and acidity.



10%.

R amount. of alumina;
- stantial acidity.
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- The catalysts are preferably employed in ﬁnely dnuded -
o forrn in the manner described below. - o

A partlcularly suitable catalyst for use m: the preseut o
_'.process consists of silica gel contarnlng adsorbed thereon

~ sulfuric acid in an amount ranging between 0.1% and
"~ 15% by weight, based on the support.

concentration of sulfuric acid on the silica gel is betweent
.0.4% and 2.5% by weight the range between 0.5%. and

1% by weight being especially suitable. ~ The correlation

 between the amount of sulfuric acid deposrted on-sllica
: gel and the activity of the catalyst is illustrated in Table I,
-~ in which the formaldehyde conversion obtainable with a -

~ fresh catalyst is shown for silica gel conta1n111g Varlous.-
_aruouuts of sulfurlc acid deposrted thereon. -

 TABLE T
Amountoszsor, pereent U TR R O
_ welﬂht on gel_-_.._.__-..__-_,-._--_.. 0 (0105126 5|10 1o
- 3_'-For1:oaldeh:§tde c'onvers—ion, perceut
JHydroearbonfeed - e B 2
- Xylenes (Illlﬁﬂd)--; ....... |l o ~B L BT 94.92793} 90 j-__.
Pseudocumene_- .. _ae-o_jeeen| 3{} -] 95} 96| 92 [i--_|--i-
Tolue__ne ___________________________ N O PO e B L
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10 Amount of A1203, Deroent Weight on .

——

| carbon feed stocks and 37 % aqueous formaldehyde under :

similar conditions. It is apparent that the obtainable :

- conversion increases drastically between 0 and 0.5%
 Al,Os, increases further to 3.4% Al,03, and decreases =
- greatly with further increases. in the concentratlon of

alumma on the catalyst.”
| - TABLE III

-— k- oy

gel o] 0 | 0.5

34 ;-1_'3. 25 |100°

. Fortnaldehyde oonversron

perceut
15 Hydrocarbon feed: - - I ..
- Xylenes (ruixed)..--..-7......_-..'----..-_.-__- ~5 | 75 183.5 ) 67.0 |-
. Pseudocumene- ..... ESUURI RS SRR FUPRURN PR _54 ———
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" between 400° and 700° C. for from 2 to 48 hours, the

" shorter times being used: at the higher temperatures.-
10 -
25

These. results were obtained with the respective iden-

:'-tlﬁed hydrocarbon feed stocks under conditions whrch'

B were substantially identical for any one feed. stock. The

formaldehyde was employed in the form of 37% aqueous

- formalin.” It is ‘apparent that formaldehyde conversion
- 18 hlghest wrth catalysts having between 0.5 and 10%
| ‘It was also observed, however,
- as illustrated in Table II, that at concentrations in the
Jlower part of the eﬁectwe range, e. g., at 0.5%, the
~ ° catalyst life, before regeneration, was substantially greater 35
- than at the higher concentrations, e. g., between-5 and
It 1s, therefore, preferred to operate with catalysts

- having an acid concentration-on the srllca gel in the lower

- H,S04 on the silica gel.

| part of the eﬁecﬂve range.

- 40

TABLE II
Catal};'st life, gms a]k‘jrlate per | . B I
g, CatalyStencooooooonoomeeoee| 2| 6 |10 112114 116 120 25
L _hEormaldehyde 'coutrérsion, perceut_ -.
. Amount of H;SO4, percent weight, | | B
- ongel: . T o 1 A
0.5 e .. lssi{s2|soi78175] 7366
gl I 90| 91 (90 | 89182 | B8 olfe
B e lgo loo{e0 |17 | joiileee.|-mm-
T R I T I O £ 3 S PO N R N
1D e e e ———————— .92 30 | B e Ett] B S

The sulfurtc acid-on-silica gel catalyst is srmply pre-

'- 'pared by -spraying dry silica gel with the desrred amount
. of an aqueous solution of sulfuric acid. It is preferred |
" to use a relatively dilute acid solution in order to permit
- even application of the acid to the gel Use of a solution -
. of 1% to 10% by weight H2804 is-therefore preferred,
. a strength of about 5% wt. being very sultable
- amount-of water added to the gel. by- spraying with
- ‘aqueous acid does not exceed about 30% by weight, the

50

If the

A preferred alumma-on-srhca gel catalyst for the present - 'f

process is prepared by depositing the required amount of .
‘alumina in the form of an agueous solution of aluminum-

nitrate on silica gel, followed by heating at a temperature

Temperatures between 550° and 600° C. and times from

2 to 24 hours are preferred, but heatmg at J 00° C for

" at least 2 hours is generally su R
A silica-alumina catalyst prepared in the conventronal
manner, €. g., a cracking catalyst prepared in the manner. .

icient.-

- described in U. S. Patent No. 2,411,820 to Asheley et al.,

30

' is suitable for use in the present . invention, provided: 1t-_'-_':'_..f-
~is first subjected to a careful calcination treatment by
heating at the above stated conditions.

P _calcrnatron a conventional cracking catalyst is entrrely,__ -

inactive. Even when calcined, a catalyst containing more - '

than about 5% by weight Al,O3 is less actwe than one'_: | -"_"- B

~ ‘having from- 0.5 to 5% by weight A1203

- The solid acidic catalysts found- eﬁectlve in the process:'f L
of the present invention have in common a relatively high

surface area and porosity, a pronounced amount of acidity =

0 (as measured by titration with an organic base), and a

- substantial absence of acid- sites having an acid strength .

- as great as that of concentrated liquid sulfuric acrd (as e

- measured by means of approprlate indicators).

- 45

~ The surface area and porosity-of porous solids usuall}r

are related, the solids of highest surface area having the.
Thus, catalyst having’ a surface area . -~
_. between 500 and 800 or more square meters per gram: -

- -and average pore diameters between 20 and 50 Angstrom -
units have been found particularly useful in the present =
process, while those of lower surface area, between 100 .
~and 500 m.2/gm., hav.rng an average pore diameter be-_-.._ -

tween 50 and 100 or more A., were generally less actlve o

smaller- _pore sizes.

‘but still useful with the more reactwe feed stocks.

55
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“gel may be- directly used in the alkylation step.” If more -_

" type is shown in Table III for concentrations of alumina =+
‘These

75

- between. 0 and 100%, based on the total catalyst.-
- results were obtamed_wrth the respectrve 1dent1ﬁed hydro-

. 65

“The forrnalde-

.~ water is employed, the gel should be dried before use,_ -
- _'e -g., by heating- at 150° :C.- for one hour or more..
. Another suitable catalyst for -use in the present process. o
- is a calcined composrte of silica gel containing a 'small -
Such a catalyst -also has: very sub-
Useful concentrations of alumina, based
~on the silica gel, range between 0.1 and.- 15%, the more
- suitablé range being between 0.1 and 5% and the preferred
- . -rangé between 0.5 and 4% of. alumina.
~ hyde conversion obtainable with - fresh- catalysts of ‘this

~ photungstic acid.

In order to be effective, the catalyst surface must be
The preferred. catalysts ~
~ consist of silica gel of the preferred surface and porosity, - -

‘having depos1ted thercon no. more than one balf the -

-~ amount equivalent to a monomolecular layer of a poly-

* basic mineral acid, which is substantially non-volatile at -
‘the reaction conditions, e. g., HaSOq; H;PO, or phos-
It is estimated that 30% by weight = -
H,SO, on a silica gel of 800 m.2/gm. surface area corre- - .
When an amount of - - -

‘normally hquld mineral acid in excess of a monomolecu- -

acrdlc, but not excessively so.

sponds to a monomolecular layer

lar layer is employed, e.'g., over 30% H,SO, based on

- silica gel, the excess amount of acid acts like the concén: .

trated mineral acid itself, e. g., ‘like a catalyst of quurd._-;_

| H2504, as indicated by the. fact that the catalyst contains - |
- " a substantial amount of acidity having a pKj, in excess - -
(A pK, of —8 corresponds to-a:liquid sulfuric .~ -
‘acid of about 90% concentration; pKa of —9 corresponds R
to 97% H,S04.) A solid catalyst of such strong actdrty-'__ o
--. is unsuitable for use in the present process. P

" A small amount of Al,Os deposited on silica gel has o
been found to have acrd character1st1cs suullar to a nun-‘ S

of —8.

Without such’
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eral acid, and therefore 'such catalysts -also are suitable
for use in the present process.

If any of the above catalysts become contammated by
carbonaceous deposits during -the :course of -the reaction
they are readily regenerated by -a conventional oxidative
regeneration, €. g., by burning the catalyst with a gas con-
taining a controlled -amount-of free oxygen, such as air.
If part or all of the mineral acid, such as sulfuric acid,
is lost from the silica gel during regeneration, it 15 re-
‘placed before reuse of the catalyst,

The present reaction is carried out'in the liquid phase.
In the preferred method of operation, an agitated slurry
comprising the .catalyst -particles suspended .in a liquid
body comprising aromatic ‘hydrocarbon charge stock and,
generally, some product, is maintained in a heated re-
action zone at a temperature sufficiently high to permit
prompt removal of all water.added :to and formed in the
reaction zone in the form of .a vapor stream comprising
the water and some of the charge hydrocarbon. Aque-
ous or anhydrous formaldehyde is gradually added to the
reaction zone; any water which is ‘added with ‘the formal-
dehyde, together with the water formed in the reaction,
1s immediately removed from the reaction-zone by con-
tinuously withdrawing wvapors of water and aromatic.
The vapors withdrawn from the reaction zone are con-
densed; the aromatic hydrocarbon is suitably returned
to the reaction zone. If unreacted formaldehyde is re-

water layer of the condensate; such recovered formalde-
hyde may also be returned to the reaction zone.

‘The reaction can be carried out in a batchwise opera-

icn by placing a desired amount of the aromatic hydro-
carbon in the reaction zone together with the required
amount of catalyst, agitating and heating, and gradually
adding sufficient formaldehyde to produce the desired
amount of the diaryimethane. 1In the confinuous method
of operation, a body of liquid comprising catalyst slurried
in aromatic charge hydrocarbon and product is main-
tained in the reaction zone, fresh aromatic hydrocarbon
charge and formaldehyde are continually added and a
bleed stream of the liguid-is continually mthdrawn for
recovery of product therefrom. |

The temperature employed ‘in the present reaction is
at least sufficiently high to permit continuous evaporation
of water from the reaction zone substantially at the rate
at which it is added and formed. Temperatures between
100° C. and 200° C. are preferred, though temperatures
up to 250° C. may be employed. Temperatures between
115° and 165° C. are most suitable. Preferably the tem-
perature 1s near, but below, the boiling point of the aro-
matic hydrocarbon feed or the initial boiling point of an
aromatic feed mixture. It may be slightly higher than
the initial botling point, but should be below the point
wnere substantial ebullition takes place. Preferred ranges
for compounds boiling up to about 185° are within 20°
. of the boiling point of a pure aromatic hydrocarbon
feed or the initial boiling point of a mixed aromatic
hydrocarbon fe.ed at the pressure prevailing in the sys-
tem,

Atmospheric pressure 1s preferably employed in the
process of the present invention. At times it may be
desirable to employ somewhat higher pressures to permit
operation at higher temperatures, particularly with a
relative low boiling hydrocarbon, such as tcluehe. Thus,
pressures from 1 to 10 atmospheres are suitably employed,
while a pressure of from 1 to 3 atmospheres is generally
preferred.

With the preferred hydrocarbon feed stocks and cata-
lysts the condensation reaction between the aromatic
hydrocarbon and formaldehyde according to the present
invention is a very nearly instantaneous reaction. The
reaction is ordinarily substantially complete within 2 to
5 seconds after the addition of an increment of mono-
meric formaldehyde to a body of aromatic hydrocarbon.
The rate of addition .of formaldehyde is controlled such

5.850,545
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of fresh formaldehyde

6
aldehyde .is added to a reaction mix-
substantially completely

-that no more for
ture at any time than can be

-converted to condensation product within a very short
time.

This time should be less than 1 minnte -and is
preferably less than 15 seconds and in the most preferred
case 1s no .more than 5 seconds. |
ror any given system of reagents, catalyst and reactor
arrangement, the maximum increment of formaldehyde
which may be added to the reactor at any one time in
order to be completely reacted within a given time, e. g.,
5 seconds, is readily determined by maintaining the re-
actor system at operating conditions without addition of
formaldehyde, then instantaneously adding a desired in-
crement of formaldehyde and at the proper time, e. g.,
5 seconds after the addition of the increment, withdrawing
a sample of the liguid mixture from the reactor. The re-
action in the withdrawn sample is immediately guenched,

€. 'g., by cooling and removing catalyst from -the liquid,

and the amount of conversion of formaldehyde may be

determined by analyzing for diarylmethane and higher
condensation products in the sample. In a continuous
system operating with continuocus addition of formalde-
hyde and feed aromatic and continuous withdrawal of
a bleed stream cf liquid and a vapor stream, as described,
the formaldehyde addition is suitably controlled by con-
tinually analyzing the condensate from the vapor stream
for formaldehyde content and reducing the addition rate
when the formaldehyde content
of the-vapor stream begins -to i*xcrease from the steady
state value. “When operating uader the conditions of the
present invention, no substantial concentration of uncon-
verted formaldehyde builds up in the liquid reaction mass.

‘The ratio-of feed aromatic hydrocarbon to unreacted
formaldehyde monomer in the reaction slurry is desir-
ably very high, e. g., from 30 to 2000 moles of aromatic
per mole of formaldehyde. Although ratios as low as
about 12:1 have been successfully employed when a
relatively large increment of formaldehyde was added
at one time, it is preferred, for best results, to main-
tain the ratic in the range between 100 and 2000:1 by
continuous -addition of formaldehyde, i. e., adding
formaldehyde in small increments,.

In batch operation, the ultimate ratio of feed aro-
matic to formaldehyde is maintained substantially in
excess of the stoichiometric mole ratio of 2:1. It may
be in the range between 3:1 and 20:1 and is prefer-
ably between 4:1 and 7:1. Aldehyde addition, in a
batch reaction, is discontinuied when the concentration
of condensation product in the liquid has reached 60%
by weight, or earlier. |

In a continuous reaction system the compocsition of

the steady state reaction mixture is controlled to main-

tain 1in the liquid no more than 60% by weight of
condensation product, i. €., diarylmethanes and higher,
and preierably a proportion of condensation products be-
low 50% and desirably as low as 5 to 20%. Since the
liguid consists substantially entirely of aromatic feed
and product, the concentration of feed in the steady
state reaction liquid is desirably between 40% and 95%
by weight.

The amount of catalyst maintained in the reaction
zone 1S in the range between 1 and 30 weight percent
or more, based on the liquid content of the slurry, and
preferably between 10 and 20 weight percent of the
liquid in the reaction zone. The bulk density of the
dry powdered catalysts suitable for use in the present
invention is generally about the same as the density of
the aromatic feed or the liquid reaction mass. Hence,
the ratio of aromatics to catalyst expressed as parts by
weight is approximately equal to the ratio expressed in
parts by volume, employing the dry bulk volu_me of
the catalyst.

Tn numerous runs carried out in accordance with the
present invention it has been found that -the amount
of aromatic hydrocarbon feed reacted was -substantially




Q_hqurd acid catalysts, |
- and in these reactions a _substantial” proportion of feed |
~varomatic. is lost to undesired by-product other than.

| - entirely 'eenirerted to condensation. prodliet with formal-
~dehyde, i. e., to the extent of 98% or better.

In con-
“frast, the methed for producing diarylmethane according

~to the prior art generally involves' the use of strong
. g, concentrated sulfuric  acid,

' -,eondensetlen compounds . with formaldehyde.

With minor exceptions, the condensation preduet eb--

. tamed in runs._carried out in- accordance with the pres-

| 2.‘,350,‘5:46 |
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-ent invention consisted of at least 85% and geherally_--!

‘between 90 and 100% of the diarylmethanes, ‘the. re-

mainly - trraryldrmethanee and sometimes

- mainder- ‘being
~ small amounts of the tetra-aryltri
- -compounds. - ‘Siibstantially no resins are predueed 111 the

‘_reaetrerr according to the present. method.

"Thus, in converting, according to the present inven-

1ethanes. or hlgher -_
15

“means of the vapor overhead stream  from drstllletren .-
- column 31, which enters reactor 14 via line 33..- Alter-
--natively, all or part of the requrred heat may- be sup-

- plied by heat exchange means 20,” which represents a
steam coil or a- reaeter jacket - or -other -suitable . heat_ |

_exchange means. When the heat in the -vapor stream - .

from column 31 exceeds the required amount,- heat ex-
.changer 20 may eperate as a cooling: means.

ment thereof by fresh catalyst..- =~ o
“ A .vapor stream is withdrawn eentmuously from the S

vaper space -of _the. reactor through line 22, eontammg s
‘condenser 24, and the condensed vapor. stream is passed .
to separator 25 from which there is withdrawn an-aque--
ous stream - through line 26 and a hydrocarben stream -~

 through line 28.- The hydrocarbon stream in line 28 may

~ tion, feeds consisting essentially of toluene, meta-xylene,

pseudocumenes, mesitylene, or mixed tetramethylben—-
20

of the respective diarylmethanes. -

- zenes, respectively, the product in each case ‘contained
between 85% -and 100%

 'With paraxylene and durene it was found.that the prod-
_ ‘uct contained only about 70% of the diarylmethane, the

o --'.remarnder being- trlaryldunethane and
- “condensation preduct

- present process,

feempeunds is higher for those alkyl aromatics which =

some hlgher.
-1t appears, therefore that in the
the selectivity to the dlarylrnethane. o

“have open a para-position opposite to an existing alkyl

285

a0

drawn from reaeter 14 through line-30; whose inl
be protected by a settling zone or 2 ﬁlter or similar means =~
. to evord withdrawing solid catalyst particles from the re- =
The liquid stream in line 30, eomprrsmg a por-
tion of the steady state reaction. mrxture is- passed to

40

- be-withdrawn through line 29 but is preferably returned to - -
line 11. The aqueous. stream in line 26 may contain.a -
substantial amount of formaldehyde and may be. worked- -

up. for reuse. of the formaldehyde, e. g., by : vaporizing -
the fermaldehyde and recycling the ‘vapor ‘stream.

-formaldehyde content of the aqueous streams is a func-
- tion of the eempleteness of fermaldehyde conversion in
25 - |

.reactor 14, which; in turn; is determined by the reac-

-fivity. of the hydrocarbon charge compound, the cata- _' )
lyst activity, and .other factors, such as temperature,

‘which ~affect the "reaction. rate and completeness of

‘reaction, as well as by. the rate of addition of formal- -

dehyde to the reaction zone. At the preferred reaction

conditions, the stream in hne 26 is substantrally free. ef_ o

formaldehyde
A portion of the hqurd ef slurry 15 1s eenhnual

actor. .

distillation column- 31; which is equrpped ‘with ‘internal -
or external reberhng means 37 and internal .or: external

condensing means-33. ‘The rate of withdrawal of liquid-

- “through line 30 and the operation of column 31 are

 quirements in. the. reactor.

“preferably so controlled that the uncondensed: portion of
the column overbhead returned to reactor 14 wia lines 32 -
and 35 is sufficient to eupply essentially all the heat re-

33 operates as a partial condenser to supply liquid reflux '

to column 31 and permit withdrawal of the remaining
overhead stream as hot vapor. ' The overhead stream with- -
drawn through line 32 comprises essentially unconverted .
feed aromatic hydrocarbon. . Part or all of the overhead

" stream may be withdrawn from the system through valved
- line 34 but it.is preferably returned to reactor 14 via line.

| _"-'substrtuent Representatrve product drstrrhutlens are
_.--glven mn. Table IV |
| TABLE 1\ A | S
Pmducr dzsmbutzcm n formeldehyde alkylazzon of
- | methylbenzenes N |
. -I?ereerrt mole
7 | Heav-
~ Aromatiereactant -~ Catalyst Diaryl- {Triaryl-] ler, as
e 1 | meth- jdimeth-}| tetra-
| -ane | sne |aryltri-
~ene
| -Teluene-_;r___l_.3r-l:_ 19, HzS()rfsﬂiee-geL_ 96 B O I
Mixed xylenes | %: 2804}31110&-%1_- . 100 00
‘ (rﬂauﬂsrmete) : 1 IR R
DO aaee . 34%A1203/51]lee-6el . --96_. IR -3 R |
~Xylene___ . .-z 10% Hs50 [sﬂree-gell 67-1--. 19} .- 14
Mesitylene. .. SR SR s (o SR SRR 1 SR 3 ) P
 Pseudocumene 2_______| 1'—10;37{3-52804/51]1{28 RN -1 2 P I ¥
- | gel. S
PUrene . - oo 109, HsS0,/silica-gel | . 69 - 131 j..o ..
Mixed teframethyl- - - S T
| be?he;neshnltr N - - A
49 pre ene..--- | : -
#1597 isodurene.. .- }1{]272- _zSO;ehsiliee- .92 SR E - P
' -_24;5% durerle ..... Jd0® | * |

..ell meterlel heevier then d1erv1methe It celeulete 2s .trie.ryldlmethene

~ (based on molecular weight ﬂﬂ&l} ses)
-2 Averafre of eeverel I‘U_'IZIS -

The process of the present invention will be further_ 5

_descrrbed by means of the sole figure of the drawing,
which is a schematic flow Shu@t of a preferred method

peratren

When the: process. is. operating continu-
N _-'ously, aromatic feed hydrocarbon is charged to the sys-
. tem through line 11.: Fermaldehyde preferably in aque-
" ous ‘solution, €. g. '37% aqueous formalin, is eharged. -
threugh line 12. - Both these streams enter the reactor

55
60

"65

" 14 .in which ‘there is- marhtamed a volume of sturry 135

~and a. vapor space 16. The sluurry 15 cerrtarns sus-

-pended therein -finely divided. catalyst, €.  g.,
“percent of silica gel containing 1% by Werght sulfuric

~ acid (based on the -gel).

S “This suspension of catalyst
in the. quurd is rﬂamtamed by stirrer- 18, driven by
~ prime mover 19. ‘'The condensation reaction is exo-
_ ~thermic, but further heat is requrred 10 evap orate water
= and othér material removed- in the vapor" stream” ‘de-" -

S _:_-"ecrlbed belew

7_'0

35. ‘The desired product of the reaction, generally the '

diarylmethane, is withdrawn from column 31  through

line 36, and may be further purrfied by means not shown. - - L

- - This s |
~ uct heavier than the drarylmethane ‘which may be formed

in a small amount in the process, may be -withdrawn

through line 38. If desifed, however, both diarylmethane =

and triaryldimethane may be wrthdrawn together-ascom- - -

- bined product of ‘the reaction. e
‘through line - 36, either the dlarylmethane or- the mixed

a suitable chemi-

cal ‘intermediate in the production of ‘aromatics contain- -~ -

ream may contain some feed hydrecarhen Prod- -

diarylmethane. arrd triaryldimethane, is-a

“ing ‘'one more methyl grc}Up than the feed aromatic. It -

~ may be hydreeracked in accordance with the method de-
10 weight ~ scribed in the above mentioned patent application Serjal .
" No. 399,570, to produce a mixtureé of methylated feed =
arematre and unchanged feed aromatic; and the latter =

“may be. returned for - further reaetren in’ the present-_

. PTOCEss.

It 18 preferred te sr..pply thls heat by-_ 75

. Numerous detalls of the eqmpment sueh as’ pumps -
valves, instruments and. the like, have been omitted-from -~ _
the dra.wrng and descrlptron The plaeement ef sueh_

Valved -
-draweff line 21 is: prevrded for draining the reactor, - .
e. g., for periodic removal-of spent catalyst and replace-, R

The

y 'wrth'-_-"' -

et may -

“In such operation, condenser -

The product withdrawn- -
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5

wmponems will be readily apr
1n the-art,

Although reactor 14 is shcwn as a stirred reactor, the
suspension of catalyst in the liquid may be maintained
by other equivalent means, e. g., by the injection of fluid
into the bottom of the reacior at such a rate that a sus-
pension is maintained.

In an ¢xample of operaticn according to the method
described in connection with the drawmg, the hydro-
carbon charged through line 11 is pseudocumene and the
formaldehyde is charged through line 12 in the fo;

e 10111 C‘f
37% aqueous formalin, The liquid slurry 15 contains

1000 pounds of liquid of which 800 pounds is pseudo-

cumene .and 200 pounds is essentia]ly dipseudocumyl-
nethane. The slurry also ccntains 1080 pounds of a cata-
lyst of highly porous. silica gel containing 5% by weight
of sulfuric acid. Pseudocumene is added through line 11
at the rate of 600 pounds per hour (5 pound mols) and
formalin through line 12 at the rate of 206 pounds per
hour (2.5. pound mols of formaldehyde). In order to
maintain the desired ratic of pseudocumene to dipseudo-
cumylmethane in the reacticn liquid, it is necessary to re-
move 635 pounds per hour of dipseudocumvlmethane
(2.5 pound mols). The liquid bleed stream. in line 38,
therefore, is withdrawn .at the rate of 3,175 pounds per
hour of which 635 pounds per hour is dipseudocumyl-
methane. which 1s withdrawn from the system through
Iine 36.and 2,540 pounds per hour is pseudecumene which
is returned to the reactor-as vapor through line 35. The
vapor stream withdrawn from the reactor through line 22
confains 126 pcunds per hour of water introduced with
the formalin, 45 pounds per hour of water prodoced in
the reaction, and anprommately 1,200 peunds per hour
of pseudocumene; the latter is ultimately returned through
line 28, the water being discarded through line 26.
Modifications. of the reaction system described by

means of the drawing may be emploved withcut. depart—-'

ing from the scope of the present invention. Thus, in
order to maintain the desired high ratio of arcmatic-feed
hydrocarbon to- formaldehyde in the reaction mixiure,
the formaldehyde may be .injected at two or more sepa-
rate-points within the reacter. In a similar modification,
two reactors are emploved, the reaction liquid flowing
from one to the other in series and formaldehyde being
injected separately into each reactor.

The catalyst gradually lcses activity in the above de-
scribed operations, generally over a period of from 5 to
10 hours. The so deactivated cat:ﬂyst may be regener-
ated by separating it from the reaction mass, burning 0
all carbonaceous material, if necessary replenishing the
acid content to the desired value and, returning the cata-
lyst to the reactor. In a preferred cperation a portion
of the slurry is continncusly withdrawn from the reactor,
the catalyst separated therefrom by filtraticn or settling,
and the so separated portion cf catalyst is regenerated
and returned to the resactor or is replaced by fresh
catalyst.

The invention will be further described by means of
the following ﬂlustratwe examples:

EXAMPLE I

A batch reaction in accordance with the present is-
vention was carried out in a vessel equinped with a stirrer
for the liquid zone, an inlet line for additicn of aqueous
formaldehyde sclution and an outlet from the vaper phase
Zone leadlng to a-condenser and phase separator vessel.
Twenty parts by volume of a catalust consisting of 5%
HsSO, supported on 28 to 280 mesh particles. of silica
- gel of 750-800 scuare meter per gram surface area was
placed in the reaction vessel. One hundred parts by
volime of a mixture of Xylenes, containing 4% ethyl-
benzene and 28% para-, 63% meta-, and 5% ortho-
xvlene, was also placed in the vessel. In addition, 16
parts by -volume-of the mixed xylenes fraction was placed
in the phase separator vessel. The liquid in the reaction
vessel was stirred and the resulting slurry heated by an

parent to the persons skilled:

10

- external heating jacket to a temperature of 135° C. After
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reflux of the aromatic hydrocarbon from- the- condenser
was established, 10 parts by -olume of 37% liquid aque-
ous formalin was added in small increments to the vessel

~ at a raie slightly below that which would cause boiling

of the mixture from the top of the condenser. The addi-
tion of formalin was completed in 30 minutes, the re-
action temperature being maintained at 130°-135° C.
during the addition and the mixture being continuously

stirred so as to maintain the sclid catalyst in suspension.

Ths aquesus portion of the material taken overhead
was. confinucusly condensed and withdrawn from the
phase separator. After additicn of formalin was com-
pleted, heating and stirring were discontinued and- the
catalyst allowed to settle, after which the liquid product
mixture was withdrawn from the vessel by decantation.
The degree of aldehyde conversion was determined by
analyzing for unreacted aldehvde withdrawn in the aque-
ous phase and in the liquid preduct.

The product was worked -up by batch distillation in
which, first, unconverted formaldehyde was taken over-
head, then unconverted xylene mixture, and: finally the
dixylylmethanes.

it was found that 20 mole percent of the formaldehyde
added and 30 mole percent of the mixed xXylenes had
been converted to useful product.

The product recovered had the following character-
1stics:

'Total product: Percent weight

Xylene fractione——.o_- e e e e e e e e 68
Ethyl benzene. - 5
Paraxvlene e 25
Metaxylene oo 36
Orthoxylene e 2
Diarylmethane — e 32
Triaryldimethane o e 0
100
Alkvylate:
Molecular weight of alkylate fraction____. 222
Percent diarylmethane. . o __ - 100
EXAMPLRE II. |

In a manner similar to-that described in- Example I
a number of runs were made in which a number of
different aromatic hydrocarbon feeds were reacted with
aqueous formalin of 37% concentration. Operating
conditions and results of these runs are given in Table V.
Component analyses of mixed hydrocarbon feeds are
shown 1n Table V=A. In all of these'runs the catalyst
employed consisted of suifuric acid: supported on silica
gel of high surface area and small pore size. |

'The data in Table V illusirate the reactivity of a variety
of aromatic hydrocarbons when employing finely divided
solid porous. acidic catalysts of H,SO, on silica gel and
operating in accordance with the conditions of the present
invention. |

The residence-time of the formaldehyde in-the reaction
zone in the present invention is relatively short since
formaldehyde tends to be taken overhead with the stream
of aromatics and water vapor leaving the reactor. Hence,
in order to obtain complete aldehyde conversion the
reaction time between the formaldehyde and the arcmatic
hydrocarbon must be very short. It is illustrated in
Example IV that this time is less than six seconds and
that conversion 1s 75% complete in 2 seconds with a
system of mixed xylenes, 37% formalin and a silica gel
catalyst containing 1% H,S0,. Therefore, the percent
of formaldehyde conversion-of the various hydrocarbons
in Table V, other conditions being equal, illustrates the
reactivity of the hydrocarbon. Thus, toluene at up to
103° C. and para-xylene at up to 136° C. are relatively
less reactive than mixed xylenes, mixed trimethyl ben-
zenes and mixed. and individual tetramethyl benzenes.
The relatively lower conversion obtained in run 7 with
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- - TABLEV
3 o 3 D Condensation product .
- | L Time | S _,
B - : - | | | - Ulti- |Reaction] for .| Volume {Conver-| - I
. Run| - | | | | s o . Boiling mate [tempera-| forma-{ ratio | sion of | Heavier
~ No. - Catalyst | | Feed aromatic - point or - | molar | fure, lin |aromatics:| formal- |Diaryl-|{Triaryl- (as tet-
ER - S | range, ® C. | ratio | °C, addi- catalyst [dehyde,|] meth- |dimeth-{ r aryle -
| | | - ‘tion,: .~ ipercent{ ane, .| ane, trimeth-
) o S ol mme e percentipercent| ane),
5 L EE I | "~ |percent
1_...1 Silica gel+10% wi., H2S04_ .. Tolene. .o oo oimemaeee 110.6 71/1 | 95-103 }. 30 S 75 O I i R F— SRUEIN P
2 SUURN i [« U e mmmmmmeea—--} Paraxylene .. .._.__._C 138.4 | 4.0/1 1134136 |  874{ b/l 63 &7 19| 14
R U T s [0 YO Cmm i —eee Xylenes & oo__...-.| 136.2-144 - | -6.1/1 | 132-137 } & | = 10/1 T O Y IR [T
4____| Silica gel+5% wt. HaSO4 oo _f___. A0t e cemiioc o] 186.2-144 6.1/1 | 133-138 55 5/1 g0 . 100 O .0
5. Silica gel-4+10% wt. HeS04.-_..| Trimethylbenzenes s..._| 162 ~176.5 | - 5.5/1 | 150-160 34| - &1} 02 [omemocccf e |- maean -
 6....{ Silica gel--1% wt, HaSO4. | ___ A0 ceeeeeei—een] 162 <176.5 | b.4/1 | 160-164 35 10/1 76 | 07§ D3 liecns
R S Sihca gel—-lﬂ% wt. HaSO4.-.. -Mesitylene (99%)-....._-.__.. - 1646 ¢ 2.7/1 | 150-188 § 105 e/t 78 8| b1l joiaeao-.
LR - T SR 6 [ SO wman--] Durene (5>95%) .- - cev- - 193.5 | 4.7/1 | 155-1601 59| —ea. 51| 96 |cccmmano|macmenectomeaaais
R ¢ S __r-_....do_"-_.--___'. ...... e varw --| Prebnitene (5>80%) - ---- - 204 ) 1.9/1 ) 148-160 | - 103 | 5/1 | 80 il ce el
R | JON S s [ S e memea———— _.| Tetramethylbenzenes »..| 1983 -204 | 3.3/1 | 155-158 162 5511 93 ;..._-_,;.-;.i--.'_..;_;.. —————

a PDetails In Table V—A

| bTotal heavier than dlarylmatharle, oaleulated as trlaryldlmethane |

TABLE V—-A

Aromatzc feed composrrwns ( pereent)

Rl.ll_f_l..-N'O..";;._..;'._'...l.__.._.__.--.;.-_-_...-'.-._...h...._-;-.,-__.__ 3, 4 _.5' ﬁ - 10 |

Aromatre . - N S -
. Ethy lhenzene-___-____---_____.-_--‘_ ______ Y S5 DRI PGP, J S
| 'Ortho lene (1,2-dimethylbenzene)-.__.. ;3 (R NS
Meta lena (1,3-dimethylbenzene) .- 83 |-coo-|oaomon]omnnns

- Paraxy lene (1,4-dimeth lbanzene) _______ - T SR (R P, |
o Hemimehrtme (1,2 3-tr1methylbenzene)-- ...... <3 [-o-zmnfrmm—l

" Psendocumene (lsé-nlmethvlbenzene)_- RPN S ! T IR - = ) P

-~ Mesitylene (1,3,5-trimethylbenzene) .. .« | _._.. 6 - 7 SN R

- Orthoethyltoluerre (1-ethyl-2-methylben-

FONE) - e e o e m e mm—m e mmma—mmm el 3 R |

 Prehnitene (1,2,3,4-tetramethylbenzene). |. —---locemouiomooo 34
Isodurene (1,2, 3 5-tetramethylbenzene) __|-—~oo-[-coizofocaae: 42
Dure'ﬂa (1 2 4 5 tetramethylhenzene)..r__- EIIPUEY PR (NS 24

mesuylene may be explamed by the relatrvely low ulti-

mate ratio of aromatics to aldehyde, meaning that a
. larger amount of formaldehyde was charged to a given.
- volume -of -aromatics in the reactor; hence perm1ttmﬂ a

.- greater. loss of aldehyde in the vapor efiluent. - i
~ With most of the aromatics feeds, under the eondltlons. -

illustrated, the alkylate produced contained between 90

- and 100% of the dlarylmethane - An exception is para-
' xylene, the produce containing- 67% diarylmethanes,
- 19% triaryldimethanes and :14% heavier material. This *:

is believed to be a characteristic of those aromatic hydro-.

- . carbons. havmg no open para position in the aromatic
- ¥ing, which are less selectively converted to the diaryl-
- methane than those aromatlc hydrocarbons that do have |

‘an open para posmon *

in accordance with the present invention to a. prodaet_-_é5

containing a very high proportion of diarylmethane and

- substantially no resin. The more highly substituted aro--
. matics are more reactive and permit a higher conversion

of formaldehyde at a gwen formaldehyde holdup time in -
the reaction system. - It is also shown that a relatrvely

high ultimate molar ratio of aromatics to aldehyde is

. corrducwe to hrgh aldehyde eonyersron per pass
| | EKAMPLE III |

- As 1llustrated in Exan ple I1, the reaetryrty of aromatlc |
‘hydrocarbons with formaldehyde under the conditions of

" the .present invention increases with increasing ring sub- -
~stitution. of the aromatic.. . For aromatics with the same

35

- 40

50
In general, it is illustrated that aromatlc hydroearbone -

| 'havmg at least one methyl substituent and particularly
- those having an open para position are readily converted -

12

ratio of aromatlcs to aldehyde addmon tmm and catalyst- -
to-aromatic ratio of run No. 4 in Table V. The conver-- -
~sion of formaldehyde obtained was 94% and of the total
_aromatics feed, 31% by weight (30% mole) was con-
verted to essentially diarylmethanes. -

Based on the amount of each of the 1somers in the feed'- |

to the reaction, it was found that no ethylbenzene had -
been convertfed, approxrmately 37% of the ortho-xylene o
and approxrmately 7%  of the para-xylene present had -
been converted, and about 42% of the meta-xylene had - -
been converted to the respective diarylmethanes. -The.
- mixed alkylate from this.run was segregated and- hy-
drocracked by passage. wrth 2.9 moles of hydrogen per .
- mole of alkylate over a nickel sulfide tungsten sulfide
catalyst at a temperature of 450° C. and pressure of 35
atmospheres.. The product: recovered from the hydro- .
| eraekmg step, - in- addition to pseudocumene, contained
xylene isomers of the following distribution: 1.5 % ortho- = -
‘xylene, 6.3% para- Xylene, 91 8%. meta—xylene and no

ethyl benzene,

‘This expenment demohstrates the relatwely hlgh re- '_-' | |
- activity of ortho-and especially of meta-xylene when pres- -
ent in a mixture of .xylenes, under the condmons of the'_ -

| -'present mverltlon
4

' '-f EXAMPLE o

100 yolume parts of an aromatrc feed of mixed xylenea- -

. comprising 5% ortho-xylene, 4% ethyl benzene, 28%

- para-xylene and 63% meta—xylene were reacted with37% -

aqueous formalin in the presence of 20 volume parts of -
a - catalyst of 1% by. weight of H,SO, supported on

porous silica gel, in a system substantially like that of

Example I. After the system was brought to a reaction

~ temperature of 136° C., two parts by volume of aqueous,- o

60

65

- number of substituents in the ring, the reactivity also

 varies with the arrangement of the alkyl substituents. . In'
~ -order to illustrate the relative. reactivity of . Xylenes, a
- mixed Xxylenes feed containing 4.5 mole percent ethyl:

70

" 'ﬁ ‘benzene, 4.7 mole percent ortho-xylene, 27.9 mole percent '

para-xylene and 62.9 mole percent meta-xylene was re-

‘acted with aqueous formalin essentially under the condi-
tlons of Example I and at the temperature ultlmate molar.

37%. formalin were added while the system was being
agitated.” A sample drawn -after 2 seconds showed that = -
' 75% of thé formaldehyde added had reacted to form,
~essentially, diarylmethanes. At the end of 6. seconds,
96 to 98% of the formaldehyde had reacted. Ten more
~parts by volume of the aqueous | formalin were then-added™

~ dropwise over a perrod of 30 minutes. At the end of
‘that period the conversion of formaldehyde to essentially .
diarylmethanes was 94%- complete.  An - additional two}-f_---f
parts by volume of aqueous formalin were then added in
one increment and after approximately 4 seconds another
sample was withdrawn and the formaldehyde conversion - .
~of the additional mcrement ‘was- shown to be 90 to 91%{ S
In a repetltron of a sumlar experrment employmg .
pseudoeumene as the charge aromatic hydrocarbon and -
" the same type of catalyst, and mamtammg a temperature_-_s =

of '160-164° C., essentially identical results were obtained "

‘with respeet to the rapidity of the completion of the re- -

| aetlon hetween the added formaldehyde and pseudocu-____-f__:_]':

75

mene,

E_
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EXAMPLE V
'Yhe formaldehyde conversions obtainable under con-
-ditions similar to those of Example I when employing
catalysts of silica gel of high porosity and surface area
containing from 0.1% to. 30% sulfuric acid deposited

thereon are presented in Table I and results.obtainable

with silica-alumina catalysts in Table TII of the present
specification. In a similar experiment, toluene was con-
tacted with formaldehyde in the presence of an un-
calcined commercial cracking 'catalyst -containing 12%
alumina; no formaldehyde was converted under the con-
ditions of the experiment.

In a further similar experiment a silica gel of high sur-
face area and small pore size, containing no acid de-
posited thereon, was contacted with trimethylbenzene
and an agueous 37% formalin at conditions similar o
run No. 5 of Table V and only 6% of formaldehyde con-
version was observed, based on the weight percent of
alkylated aromatics recovered. The weight balance of
formaldehyde for this experiment indicated that some al-
dehyde was reacted, apparently to form polymers of
formaldehyde itself rather than diarylmethanes or higher
condensation product,

EXAMPLE VI

For best results in accordance with the present Inven-
tion it is important that the solid acidic catalyst em-
ployed be highly porous, having a high surface area and
relatively small pore size. In order to illustrate this ef-
fect, two runs were carried out in which mixed Xylenes
feed, at otherwise identical conditions of ratio of aro-
matics to aldehyde, temperature and the like, except for
addition time, specified below, was contacted, in one
case, with a catalyst consisting of 0.5% weight HoSO4 on
a silica gel having a surface area of 800 square meter/
gram and average pore diameter of 24 A. and, in the
other case, with a similar catalyst having a surface area
of 300 to 400 square meter/gram and average pore di-
ameter of 80 to 100 A. The aldehyde addition time for
the former, highly porous catalyst was 22 minutes and
for the latter, moderately porous catalyst 62 minutes,
thus favoring increased aldehyde conversion in the latter
case. The formaldehyde conversion observed. with the
former catalyst was 89% and with the latter catalyst,

47%.

EXAMPLE VII

Although sulfuric acid is the preferred mineral acid
for use on a porous solid support in the present invention,
other mineral acids are suitably employed, supported on
a porous carrier, in the present reaction.  For example,

under otherwise identical conditions similar to Example

I, toluene and 37% aqueous formalin were reacted with
a catalyst consisting in one case of 10 wt. percent sulfuric
acid on highly porous silica gel and in the other cas?_of
10 wt. percent phospho-tungstic acid on identical silica
gel. Aldehyde conversions obtained were 55% and 58%,
respectively, thus demonstrating substantially identical
activity in these catalysts.

In another experiment, mixed xylenes and 37% aqueous
formalin were reacted in the presence of a catalyst, in one

case, of 10 wt. percent sulfuric acid on highly porous

silica gel, and, in the other case, of 10 wt. percent phos-
phoric acid on highly porous silica gel, It was found
that with the sulfuric acid catalyst, formaldehyde conver-
sion obtained was 84%, and with the phosphoric acid cata-
lyst, 63%, thus demonstrating substantial activity in the
silica gel supported phosphoric acid catalyst.

We claim as our invention: o
1. A process which comprises maintainng 1in a redc-

tion zone a slurry comprising, in an organic liguid phase,
an aromatic feed hydrocarbon having at least one alky!

substituent and at least one unsubstituted nuclear carb.on
atom and no more than 60% by weight of condensation
product of said feed aromatic and formaldehyde and a

finely divided porous solid acidic catalyst, at a tempera- 75 hydrocarbon and water, condensing said vapor strea
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‘ture-at which water and feed aromatic are vaporized from
-said reaction zone, continually adding to said reaction zone
a stream comprising said feed aron

atic hydrocarbon and
a stream comprising monomeric formaldehyde, continu-
ously withdrawing from said reaction zone a vapor stream
comprising feed aromatic hydrocarbon and water, con-
densing said vapor stream, separating a liquid hydrocar-
bon phase from said condensed vapor stream. and return-
ing it to said reaction zone, withdrawing a liguid bleed
stream from said ‘reaction zone, -subjecting said liquid

‘bleed . stream to distillation in .a-distillation zone, with-

drawing therefrom a vapor stream comprising essentially
feed aromatic hydrocarbon, returning said vapor stream
to said reaction zone to supply heat of reaction thereto,
and withdrawing at least diarylmethane as product from
said distillation zome,

2. A process according to claim 1 in which aqueous
formaldehyde is added at a rate controlled so that no more
than an amount of monomeric formaldehyde capable of
reacting substantially completely with said feed aromatic
within 15 seconds is present in said slurry.

3. A process according to claim 1 in which the feed
aromatic hydrocarbon is a mononuclear aromatic having
from one to five methyl substituents.

4. A process according to claim 1 in which the fee
aromatic hydrocarbon is toluene. |

5. A process according to claim 1 in which the feed
aromatic hydrocarbon is a mixture of Xylene isomers.

6. A process according to claim 1 in which the feed
aromatic hydrocarbon is pseudocumene.

7. A process according to claim 1 in which the feed
aromatic hydrocarbon is mesitylene.

8. A process according to claim 1 in which the feed
aromatic hydrocarbon is a mixture of tetramethylbenzene |
isomers.

9. A process according to claim 1 in which said catalyst
is a calcined solid composite of silica and alumina con-
taining from 0.5 to 5% by weight of alumina.

10. The process according to claim 1 in which said
distillation is a fractional distillation.

11. A process which comprises maintaining a reaction
mixture comprising an organic liquid phase containing
an aromatic feed hydrocarbon having at least one alkyl
substituent and at least one unsubstituted nuclear carbon
atom and having no more than 15 carbon atoms per
molecule and a condensation product of said feed aro-
matic and formaldehyde and a finely divided porous solid
acidic catalyst at a temperature at which water and feed
aromatic are vaporized from said reaction mixture, con-
tinually adding to said reaction mixture a stream com-
prising said feed aromatic hydrocarbon and a stream
comprising monomeric formaldehyde, continuously with-
drawing from said reaction mixture a vapor stream com-
prising feed aromatic hydrocarbon and water, condensing
said ‘vapor stream, separating a liquid hydrocarbon phase
from said condensed vapor stream and returing it to said
reaction mixture, withdrawing a liquid bleed stream from
said reaction mixture, vaporizing the lower boiling por-
tion of said liquid bleed stream, returning the resulfing
vapor stream comprising essentially feed aromatic hydro-
carbon to said reaction mixture to supply heat of reaction
thereto, and recovering diarylmethane as product from
the unvaporized portion of said bleed stream.

12. A process which comprises maintaining a reaction
mixture comprising an organic liquid phase containing
an aromatic feed hydrocarbon having at least one alkyl
substituent and at least one unsubstituted nuclear carbon
atom and a condensation product of said feed aromatic
and formaldehyde and a finely-divided porous solid acidic |
catalyst at a temperature at which water and feed aro-
matic are vaporized from said reaction mixture, continu-
ally adding to said reaction mixture a stream comprising
said feed aromatic hydrocarbon and a stream compris-
ing formaldehyde, continuously withdrawing from said
reaction mixture a vapor stream comprising feed aromatic
1, SEp-
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f'__'aratmg a hqmd hydmcarbon phase fmm said cendensed - 2,398,825 Funsten _;;';;.f_;,.;.;_;__,___ Apr. 23, 1946-'-' S
- vapor stream and returning it to said reaction mixture, 2,403,803 Clapette. _____;__'_____.-,-______ Nov. 11, 1947
-withdrawing a liquid bleed stream from said reaction mix~- = 2,422,443~ Smith .- ___ mmmim e June '17,°1947
- ture, recovering -unconverted feed aromatic hydrocarbon 12,660,572 'Feasley ______;_.:;;_'__.._u.._...__. Nev 24 1953
- from said bleed stream and returning it to said reaction § - - - -
mixture and recovering dlarylmethaﬂe as product from =~ = CHR FOREIGN PATENTS . SR
- said bleed stream. 446,450 " '_Great Britain _;..'..'_,____._.-._'...,’_'__;;__ Apr. 30 1936 -
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