
4                                        863,539         placeable hydrogen
atom-may be effected by  mentioned. Thus; a refinery off-gas ethylene
utilizing olefin-acting compounds which are  stream  may contain  varying
quantities of         intended herein to be included by the term hydrogen,
nitrogen, methane and ethane with         "unsaturated organic compounds"
since they  the ethylene in minor proportion, while a    5 are capable of
producing olefinic hydro- refinery off-gas propylene stream is normally
carbons, or of furnishing the alkyl group under  diluted with propane and
contains the pro-        the conditions of operation chosen for the  pylene
in minor quantities. Likewise, an off-        alkylation reaction. Typical
olefin producing  gas butene stream  is normally diluted with
substances  capable  of use  include  alkyl  butanes and contains butylene
in minor quan-    10  chlorides, alkyl bromides, and alkyl iodides  tities.
A typical analysis in mole percent for        capable of undergoing
dehydrohalonegation to  a utilizable refinery off-gas from  a catalytic
form olefinic hydrocarbons and thus contain-  cracking unit is as follows:
nitrogen, 4.0%;        ing at least 2 carbon atoms per molecule.  carbon
monoxide, 0.2%; hydrogen, 5.4%;        Examples of such alkyl halides
include ethyl  methane, 37.8 ethylene, 10.3%; ethane,    15
chloride,n-propyl chloride,isopropyl chloride,  24.7%; propylene, 6.4%;
propane, 10.7%;  80        n-butyl chloride, isobutyl chloride, t-butyl
and C, hydrocarbons, 0.5%. As readily ob-        chloride, the amyl
chloride  hexyl chlorides,  servable the total olefin content of this gas
and corresponding bromides and iodides.     stream  is only 16.7 mole
percent. Such gas          As stated hereinabove olefinic hydrocarbons
streams containing olefinic hydrocarbons in   20  and  especially  normally
gaseous  olefinic  minor or dilute quantities may be used as  85
hydrocarbons, are particularly preferred for  the alkylating agents or
olefin-acting com-       use as alkylating agents and as polymerization
pounds in the present condensation process       charge, respectively in
the condensation pro-  in which the olefine content of such gas       cess
according to this invention. This process.  streams undergoes reaction
while the remain-   25  using the particular catalyst herein provided  ing
components of the gas streams are vented 90       can be successfully
applied to and utilized for  from the process. Thus, by using the
particular       the conversion of olefinic hydrocarbons when  catalyst
herein provided  as  the  condensation       said hydrocarbons are present
in minor quan-  catalyst it is apparent that an alkylating pro-
tities in gas streams. Thus, in contrast to other  cess for the preparation
of such compounds as  30  processes,  the  normally  gaseous  olefinic
ethylbenzene, cumene, cymene, and diisopro-  95    hydrocarbons need not be
purified or con- pylbenzene, may be carried out in a more       centrated.
Such normally gaseous olefinic  economical manner than was possible hereto-
hydrocarbons appear in minor concentrations  fore with solid phosphori.
acid catalysts.       in various refinery gas streams, usually diluted  The
catalyst which is provided  by the  35  with various unreactive gases such
as for  present invention is produced with a higher 100      example
hydrogen, nitrogen, methane, ethane  proportion of phosphoric acid  to
siliceous      and propane. These gas streams containing  material in the
mixture prior to calcination      minor quantities of olefinic hydrocarbons
are  as well as with higher calcination  tempera-      obtained in
petroleum refineries from various  tures, than the proportion and
calcination tem-  refinery installations including thermal crack- peratures
heretofore employed  together in  105      ing units, catalytic cracking
units, thermal  producing commercial solid phosphoric acid   reforming
units, coking units, and polymer- catalysts from mixtures which are  later
ization units. Such refinery gas streams have  transformed  into  particles
and  thereafter 



in the past often been burned for fuel value  calcined. Calcination
temperatures used here-  45 since an economical process for their utiliza-
tofore in producing finished commercial solid 110      tion as alkylating
agents or olefin acting com-  phosphoric acid catalysts generally did not
pounds has not been available except where  exceed 425[err] C. except in
instances where the      operation  for concentrating  the olefin  calcined
composite was given a  further steam      hydrocarbons has been carried out
concur-  treatment in  which instance the calcination 50  rently therewith.
This is particularly true for  temperature reached a maximum   of 455 to
115      refinery  gas streams containing  relatively  510[err] C. after
which the calcined composite      minor quantities of olefinic
hydrocarbons       was treated with steam  at a temperature of      such as
ethylene. Thus, it has been possible  from  230[err] to 290[err] C. In the
catalyst manu-      catalytically to polymerize propylene and/or  facture
of this invention a calcination tem- 55  various butenes in refinery gas
streams; how-  perature of from  460[err] to 760[err] C. and prefer-
ever, the off-gases from   such processes still  ably a calcination
temperature of from 530[err]     contain ethylene. These refinery gas
streams  to 675[err]C. is utilized. The calcination treat-     containing
minor quantities of olefinic hydro-  ment is also carried  out in much
shorter time     carbons are known as off-gases. In addition  than that
employed heretofore, namely, a time to containing  minor quantities  of
olefinic of from  0.25 to 8 hours whereas in the pre- 125     hydrocarbons
such as ethylene, propylene and  vious catalyst preparation  the  particles
ob-     the various butenes, depending upon their  tained from  a mixture
having  a weight ratio     source. they contain  varyine quantities  of  of
P. O. to  siliceous adsorbent of about 2     nitrogen, hydrogen  and
various  normally  needed   an  appreciably  longer calcination     gaseous
paraffinic hydrocarbons hereinbefore  treatment in the range of from 1 to
60  130                   hours at a temperature up to 425[err]C. The
manufactured by the gradual and controlled            unusually high
activities and the great mech-  dehydration by heating of orthophosphoric
anical stability  exhibited  by  the  present  acid or pyrophosphoric acid
or by adding            catalyst during use in this process will be
phosphorus pentoxide to these acids in proper            shown in more
detail in the examples given  amounts. When the latter procedure is fol-
70            hereinafter.                lowed, phosphoric anhydride is
added gradu-               The phosphoric acids used in the produc-  ally
until it amounts to 520% by weight of            tion of the present
catalyst are those in which  the total water present. After a considerable
the phosphorus has a valence of 5 and include  period of standing at
ordinary temperature,        10  orthophosphoric acid, pyrophosphoric acid,
the crystals of the tetraphosphoric acid sep-  75            triphosphoric
acid, tetraphosphoric acid, hexa-  arate from the viscous liquid and it is
found            metaphosphoric acid as well as mixtures of  that these
crystals melt at approximately 34[err]            these phosphoric acids.
However because of  C. and have a specific gravity of 1,1886 at a
greater convenience in the mixing and calcin-  temperature of 15[err] C.
However, it is unneces-        15  ing operations, it is generally
preferable to  sary to crystallize the tetraphosphoric acid  80
employ the higher phosphoric acids, that is,  before employing it in the
preparation of the            those having a relatively high ratio of P.O
present solid catalyst inasmuch as the crude            to combined water.
It is not intended to imply  tetraphosphoric acid mixture may be incor- 



however that the different acids, which may  porated directly with the
siliceous material.        20  be employed in this process, will produce
A phosphoric acid mixture which is gen-  85            catalysts having
identical effects upon any  erally referred to as polyphosphoric acid may
given organic reaction mixture as each of the  also be employed and has
been found to be            catalysts produced from  different acids and
particularly desirable. Polyphosphoric acid is            by slightly
varied procedure will have its own  formed by heating orthophosphoric acid
or       25  characteristic action.                         pyrophosphoric
acid or mixtures thereof in  90       In using orthophosphoric acid as a
primary  suitable equipment such as carbon lined trays
ingredient, one may start from different con-  heated by flue gases or
other suitable means            centrations of the aqueous  solution, for
to produce a phosphoric acid mixture gener-            example, acid
containing from  75 to 100%  ally analyzing from 79 to 85% by weight of
30  H[err]PO[err] or orthophosphoric acid containing  P.O. Such' a liquid
mixture of phosphoric 95            some free phosphorus pentoxide may be
used.  acids with 79.5% P.O content was found by            Thus the ortho
acid may contain a definite  analysis to contain 24.5% of orthophosphoric
percentage of the pyro acid which corresponds acid (H[err]PO[err]), 45.2%
of pyrophosphoric acid            to the primary phase of dehydration of
ortho-  (H[err]P[err]O[err]), 26.0%  of  triphosphoric acid       35
phosphoric acid. Within these concentration  (H[err]P[err]O[err]), and 4.3%
by weight of unidenti- 100            ranges the acids will be liquids of
varying  fied phosphoric acids. Another polyphosphoric
viscosities and these liquids are readily mixed  acid mixture somewhat more
concentrated            with adsorbent materials. In practice it has  than
the one just referred to and having a            been found that
pyrophosphoric acid' corres-  phosphorus content determined as P[err]O[err]
of       40  ponding to the formula H[err]P[err]O[err] can be incor- 84% by
weight was found by analysis to con- 105           porated with siliceous
adsorbents at a tem-  tain 57% by weight of triphosphoric acid
perature somewhat above the melting point  (H[err]P[err]O[err]), 17%  by
weight of hexameta-           (namely 61[err]C.) and that the period of
heat-  phosphoric acid ((HPO[err])[err]), 11% of pyro-           ing which
is given to the pyro acid-adsorbent  phosphoric acid (H[err]P[err]O[err]),
5% by weight of      45  mixtures may be different from  that used
orthophosphoric acid (H[err]PO[err]), and 10% by  110           when the
ortho acid is so employed.       weight of unidentified phosphoric acids.
Triphosphoric acid  which  may be repre-      The solid siliceous materials
which may be           sented by the formula H[err]P[err]O[err] may -also
be  employed as adsorbents or carriers for phos-           used as a
starting material for preparation of  phoric acids in preparing the mixture
subse- 50  these catalysts. The mixtures required in the  quently to be
transformed into calcined par- 115           manufacture of the present
catalyst may also  ticles are divided roughly into two classes.
be prepared from   the siliceous materials  The first class comprises
materials of pre-           mentioned herein and a phosphoric acid
dominantly siliceous character and includes           mixture containing
'orthophosphoric, pyro-  diatomaceous earths, kieselguhr, and artifi-
55  phosphoric, triphosphoric, and  other poly-  cially prepared porous
silica. Typical of these 120          phosphoric acids.
siliceous materials are the diatomites, such             Another acid of
phosphorus which may be  as those known as "Celite", "Dicalite 1" and
employed in the manufacture of the present  "Dicalite 2" (the words
"Celite" and "Dica-          catalyst is tetraphosphoric acid. It has the
lite" being Registered Trade Marks), which      60  general formula
H[err]P[err]O[err] which corresponds  are naturally occurring kieselguhrs
which have  125          to the double oxide formula
3H[err]O[err]2P[err]O[err] which  'been dried by heating at a temperature
in the          in turn may be considered as the acid result-  range of
from 205[err] to 370[err] C and comprise          ing when three molecules
of water are lost  90% silica, the remainder being accounted          by
four molecules of orthophosphoric acid  for by various metal oxides and by
approxi-     65  H[err]PO[err]. The tetraphosphoric acid may be  mately
3.7%  ignition loss. The second class 130 



of materials which may be employed either  does not appear to be a critical
variable inas-                   alone or in conjunction with the first
class  much as the process may be carried out in
comprises generally certain members of the  either a liquid or vapor phase.
Thus, the                   class of aluminum silicates and includes such
pressure utilized may be selected so as to              5  naturally
occurring  substances as  various  obtain greatest advantage based upon
econo-   70                  fuller's earths and clays such as bentonite,
mic considerations and upon the stability of
montmorillonite and acid treated clays. Each  the particular reactants
which are charged to                  adsorbent or supporting material
which may  the process under the necessary processing                  be
used will exert its own specific influence  conditions.  At the end of a
predetermined              10  upon the net effectiveness of the catalyst
com-  residence time the apparatus and contents  75                  posite
which will not necessarily be identical  thereof are allowed to cool to
room tempera-                  with that of other members of the class.
ture, any excess pressure present is vented                    In producing
the catalyst composites which  and the desired reaction product comprising
are utilized in the present invention, the phos-  the alkylated aromatic
compound is separated             15  phoric acid and siliceous solid are
mixed at a  from the catalyst by conventional means such  80
temperature of from  10[err] to 232[err] C. and  as filtration, further
separated from any un-                  preferably at a temperature of from
95[err] to  reacted starting materials and recovered by
180[err] C. to form  an intermediate composite  conventional means such as,
for example, by                  containing the acid in intimate admixture
fractional distillation or crystallization             20  with finely
divided siliceous material. Thus    The process of this invention may also
be  85                 satisfactory results have been obtained  by
effected in a continuous type operation. The                 heating
polyphosphoric acid (84% P[err]O[err] con-  solid phosphoric acid catalyst
of the particular                 tent) at a temperature of 170[err] C. and
then type provided by this invention is particularly                 mixing
this hot acid with diatomaceous earth  suitable for use in a fixed bed type
of opera-            25  which has previously been at room tempera- tion.
In this type of operation the catalyst is  90                 ture. The
polyphosphoric acid and diatoma-  disposed as a fixed bed in a reaction
zone                 ceous earth form a composite in which the  which may
comprise either an unpacked vessel      weight ratio of phosphorus
pentoxide to dia-  or reaction  tube or which  mar be  lined  with
tomaceous adsorbent is from 3.0 to 7.5. This  an adsorbent packing material
such as de-            30  composite is slightly moist to almost dry in
hydrated bauxite, fire brick or alumina. The  95                appearance
but becomes plastic when sub-  reaction zone is maintained at the proper
jected to pressure in a hydraulic press-type  operating conditions of
temperature and pres-                or auger-type extruder by which the
com- sure while the reactants comprising in the case                posite
is subsequently formed into pieces that  of an alkylation treatment the
alkylatable or-            35  are cut into shaped particles. The resultant
ganic compound and the alkylating agent are  100                composite
while it is still hot is thus extruded  continuously charged thereto
through separate                through  a die preheated to a temperature
of  lines or, if so desired, the reactants may be                170[err]
C. The extruded particles arc then cal-  admixed prior to entry 'into the
reaction zone                cined by heating in air, nitrogen flue gas or
and charged thereto in a single stream. In           40  some other inert
gas at a temperature of from   carrying out the process of this invention
in  105- 



460[err] to 760[err] C  and preferably at a tempera-  a continuous type of
operation' liquid hourly                ture of from  530 to 675[err]C for
a time of  space velocities (the volume of hydrocarbon,                from
0.25 to about 8 hours and preferably  measured as liquid, charged to the
reactor per                0.5 to 2 hours to form  the final substantially
volume of catalyst per hour) may be varied           45  granular catalytic
material.                    within a relatively  wide range of from 0.1
110         The condensation process utilizing the par-  to 20 or more, the
preferred range being from               ticular catalyst provided by this
invention may  0.1  to  10. The desired  reaction product is
be effected in any suitable manner and may continuously   withdrawn  from
the reaction               comprise either a batch or a continuous type
zone, separated from  the reactor effluent and           50  peration. When
a batch type alkylation opera-  purified by conventional means while the
un- 115               tion is used  a quantity   of  the  starting  reacted
components of the effluent may be               materials, namely, the
alkylatable organic  recharged  to the  reaction  zone as a portion
compound  such as an  aromatic hydrocarbon   of the feed  material.
and  the alkylating  agent are placed  in a suit-    Other continuous types
of operation which             55  able condensation  apparatus such as a
rotating   may  be  used  in this process include the  com- 120 autoclave
or an  alkylation  flask  along with  pact moving  bed  type  of operation
in which              particles of the  catalyst the  manufacture  of  the
bed  of  catalyst  and th reactants pass              which has been
completed  by the  calcining  at  either concurrently or countercurrently
to each              a temperature in the range of from 460[err]to  other
in the reaction zone, the slurry type pro-            60  760[err]. The
apparatus  is sealed  and  heated  to   cess in which the catalyst is
carried into the  125  the desired  temperature  which  may  be in a
reaction  zone  as a slurry  in one  of  the  re-  range  of from
atmospheric  to  400[err]C. In  actants and, if the alkylating agent or
poly- addition  the proess may also  be  carried out  merization charge is
in gaseous form, the              at pressures ranging  from  atmospheric
to 100  fluidized   type  of operation in which the         65  atmospheres
or more. However, the pressure  catalyst is maintained in a  state of
turbulance  130                [err] hindered settling conditions in the
re-  extruded strands were cut into pill shape and  30        [err] zone.
were then heated for one hour at 170[err]C.,        The following examples
are given to illus-  after which they were calcined in a muffled     trate
the process of the present invention and  furnace for one hour at 560[err]
C.  5  the advantages of the catalyst thereof relative  rhe catalyst thus
prepared was used for    to catalysts outside the-scope of this invention.
the alkylation of benzene with ethylene in the  35
EXAMPLE 1                   following manner:       A quantity of the
desired solid phosphoric    A benzene feed and the feed gas compris-
acid catalyst (catalyst A) was prepared by  ing a synthetic blend
consisting of ethylene, 10  stirring 43.2 g. of a diatomaccous earth known
ethane and methane were charged to a jac-     in the trade as "Celite FC"
into 160 g. of  keted reactor containing 193 g. of the catalyst 40
polyphosphoric acid (83.5% P[err]O[err]) which had  (A) prepared in the
above manner. The con-     been preheated for 20 minutes at 170[err] C.
ditions under which the reaction took place     After a 5 minute mixing the
resultant com-  were a pressure of 63 atmospheres, a liquid 



15  posite was heated in an oven at 170[err]C. for   hourly space velocity
of 0.75, a benzene/     a period of approximately 30 minutes. After
ethylene mole ratio of about 10, a tempera- 45     the first 10 minutes of
this 30 minute  ture of 290[err] C., and 0.26 mole percent water     period
had  elapsed  the  composite  was  on the combined feed. The runs were made
stirred every 5 minutes. Prior to being put for periods of 22, 22 and 48
hours, respec- 20 in the oven the composite was a wet, plastic  tively.
Mass spectrometer analysis of the      mass which remained practically
unchanged  feed and exit gases showed that the conver-  50      in
appearance and consistency for 25 of the  sion of ethylene was virtually
complete. The      30 minute period in the oven. However, the  crude liquid
products were fractionally dis-      last 5 minutes of the drying period
changed  tilled and the desired cuts were subjected to 25  the appearance
to a hardened mass of com-  an infra-red analysis which showed that 85
posite. The hardened composite was then to [err] of the converted ethylene,
or 93 to  55      taken from the oven and was extruded in a  95 of the
converted benzene were accounted      hydraulic press through a die which
had been  for as ethylbenzene. The results of these runs      preheated to
a temperature of 170[err]C. The  appear in Table I below.    TABLE I
% Ethylene converted                 99           99          97
% converted ethylene accounted for as:               Ethylbenzene
85.1         88.1        87.9               Higher aromatics
14.9        11.9        12.1               Total
100.0       100.0    100.0               % Converted benzene accounted for
as:               Ethylbenzene                          93.0         94.3
94.5               Higher aromatics                       7.0          5.7
5.5               Total                                 100.0       100.0
100.0    60    Two additional runs were made using  C.; the results of
these two runs are shown      similar conditions with one exception, that
is,  in Table II.      the runs were made at a temperature of 315[err]



863,539                  %  Ethylne converted                            98
98                Converted ethylene accounted for as:
Ethylbenzene                                    85.6             86.1
Higher aromatics                                 14.4             13.9
Total     100.0                                                 100.0
%  Converted benzene accounted for as:                Ethylbenzene
93.0             93.2     Higher aromatics
7.0              6.8     Total
100.0            100.0       The catalyst after having been used for a
reactor containing 185 g. of the catalyst B. 15       total period of 123
hours, was analyzed and  The feed gas comprising the synthetic blend
was found to have an increase of free P[err]O[err]  of ethylene, ethane and
methane was also   5 from 12.2%  to 16.7% while the total titrat-  charged
thereto. The conditions were similar       able P[err]O[err] decreased from
58.0% to 56.9%.  to those abovementioned, that is, a pressure    To
illustrate the advantage of using the  of 63 atmospheres, a liquid hourly.
space  20      catalyst A the above experiment was repeated  velocity of
0.75, a benzene/ethylene mole ratio      using a solid phosphoric acid
catalyst (catalyst  of approximately 10.8, a moisture content of  10  B)
which contained 75% phosphoric acid and  0.26 mole percent on the combined
feed, and      had been calcined at a lower temperature,  a temperature of
290[err]C. The runs were made      namely at 310-360[err]C., and which thus
was  for periods of 12, 24, 24 and 23 hours. The  25      not in accordance
with the present invention.  results for these runs appear below in Table
The benzene feed was charged to the jacketed  III.
TABLE III               %  Ethylene Converted               86.6      86.7
86.7       87.2               % Converted ethylene accounted for as:
Ethylbenzene                        87.31     88.39      98.15    88.09
Converted benzene accounted for as:               Ethylbenzene
94.10     94.43     95.03       94.33          Therefore, it is readily
apparent that the  propyl alcohol which furnished  water of 



30  catalyst A which was in accordance with the  hydration for the
catalyst.  The conditions      present invention exhibited a greater
ability  under which the experiment was run were a      to convert the
ethylene than did the catalyst B.  pressure of approximately 65
atmospheres,a  45                   EXAMPLE II
temperature ranging from 290[err] C. at the be-        Another experiment
was run in which the  gnning to 315[err] C. at the end of the run, a 35
feed consisted of a simulated catalytic cracker    liquid hourly space
velocity of 0.57 and a          off-gas.This gas was a synthetic blend of
benzene to total olefin mol ratio of 8. The         ethylene, nitrogen,
hydrogen and  methane, the  catalyst was prepared in the manner set forth
50      ethylene content being 12 mol percent. The  above in Example
I,(catalyst A) that is, a      aromatic  feed  comprised a thiophene-free
mixture was prepared which contained 80% 40  benzene and in a first part of
the experiment  polyphsphoric acid and 20% Celite FC, the      this feed
contained 0.4% by weight of iso-  mixture was dried and then extruded, the
ried and  hen extrded,: th            extrudate was cut into particles and
the par-  with respect to activity, stability, product dis-   5 ticles were
calcined for one hour at 560[err] C. tribution and quality of the catalyst
are set The results of this experiment which con- forth in Table IV below.
sisted of a 580 hour life test of the catalyst       [err]
863,539              The liquid feed for the period running from
particular catalyst which is used in this re-              372 hours to 580
hours comprised pure ben-  action, that is, a catalyst produced from a 



zene with no isopropyl alcohol present in the  mixture containiing 80%
polyphosphoric acid      feed. Prior to this period the isopropyl alcohol
prior to the calcination and calcined at a rela- 40    5  was dehydrated to
provide 0.25 mole percent  tively high temperature of over 530[err] C. may
water on the combined feed.  These results  be used as an alkylation or
condensation       show that alkylation of the benzene feed under  catalyst
at a relatively low temperature and         essentially anhydrous
conditions, that is, after   without the need of any additional. moisture
to         364 hours of the test, and at a temperature of  maintain the
activity of the catalyst.  45     10  approximately 3170 C. resulted in an
im-    To further illustrate the effectiveness of the     provement in the
ethylene conversion as well  above catalyst (A) another life test run was
as a substantial improvement in the efficiency performed  using  a solid
phosphoric acid         of the conversion of ethylene and of benzene
catalyst (catalyst C) which contained  less      to ethylbenzene. During
the last quarter of  than .80   pyrophosphoric acid prior to cal-  50
the test (the period running from 460 hours  cination and like the catalyst
B had been-       to 580 hours) less than 10% of the converted  calcined at
temperatures in the. range of from   ethylene and only 5% of the converted
ben-  310[err] to 360[err] C.  The simulated catalytic        zene were
tied up in material boiling above  cracker off-gas feed again consisted
essentially        the ethylbenzene range.      .               of
ethylene, nitrogen, hydrogen and methane,  55        20  The used catalyst,
upon completion of the  the ethylene content being 12 mole percent.
run, was removed from the reactor and was  The benzne feed consisted of 98%
benzene,        found to have a peripheral crushing strength
thiophene-free, and 2% isopropyl alcohol. The        of 5.27 kg. This used
catalyst, however,was  conditions under which the test was run were:
found to contain less than 1% carbon and to  a temperature of 350[err]C., a
pressure of 65  60      25  have increased in free P[err]O[err] from 12.4%
to  atmospheres, a liquid hourly. space velocity        17% while there did
not appear to have been  ranging from 2 to 0.6, a benzene to total olefin
any loss of total titratable P[err]O[err]; the fresh  mol ratio ranging
from 15 to 7 and a moisture      catalyst had a total titratable
P[err]O[err] content of  content of 1.4 mol percent calculated on the
58.30% while the used catalyst had an aver-  combined feed. The recovered
product was  65   30  age total tiratable P[err]O[err] content of 58.26%
subjected to fractional distillation and the       (The total titratable
P[err]O[err] content represents    desired fractions were subjected to
infra-red    a readily ascertainable analytical value which  analysis to
determine the percentage of each       is convenient for comparisons but
does not  component in the product which was recov- represent the total
P[err]O[err] content determinable  ered. The results of this test appear in
70 35  by the more cumbersome gravimetric analysis).  Table V. Therefore it
can be readily seen that the              



[err]             of moisture in order to effect the condensation  furnace
at various temperatures in the range     of the aromatic feed with the
olefin whereas  of from 360[err] to 660[err] C., for a time of 1 hour
former catalyst A  required a considerably  to produce finished catalysts
having the activi-  30    lower temperature and also performed better
ties, apparent bulk densities and peripheral 5   under virtually anhydrous
conditions, the  crushing strengths given in Table VI. The       ethylene
conversion being increased in the  activity of each of these catalysts was
deter-       absence of moisture rather than being de-  mined by placing 10
grams of the catalyst creased.                                   pills and
100 grams of a propane-propylene  35                     EXAMPLE III
mixture containing 49.2 mole percent of pro- 10    Diatomaceous earth (32.5
g.) containing  pylene in a rotatable steel autoclave of 840 cc.       7.8%
of volatile matter was added all at one  capacity which was then operated
for 2 hours.       time to 120 g. of polyphosphoric acid (84.8%  at a
temperature of 232[err]C. after which the       P[err]O[err] content) at a
temperature of 170[err]C.  autoclave and contents were cooled and the  40
The initially very soft plastic mass so pro-  percentage of propylene
converted was deter- 15  duced hardened to a material with an extrud-
mined. As the apparatus employed in measur-   able consistency after being
maintained at a  ing the peripheral crushing strength of the
temperature of 170[err] C. for a time of 30  pills did not measure crushing
strengths minutes. This plastic material was extruded  greater than 12.2
kg., the numerical values  45       through a 5mm. die at a temperature of
170[err]  of averaging crushing strengths given in the  20  C. by means of
a hydraulicpress extruder by  table are followed by a plus sign in cases in
the application of initial and working loads of  which some or all of the
pills had crushing       3170 kg. and 2265 kg., respectively. The ex-
strengths above 12.2 kg. Three intermediate trudate was cut into pieces of
5 mm. lengths  composites each containing a different sample  50       by
means of a stainless steel spatula.  The  of diatomaceous earth were
prepared and re- 25  resultant pills or pellets were first dried at a
sults obtained on the catalysts obtained from temperature of 170[err] C.
for 1 hour and  these composites are shown in Table VI.       samples
thereof then were calcined in a muffle  TABLE VI
Diatomaceous Earth-Polyphosphoric Acid Catalysts
Average Crushing                       -Strengths, Kg.            Catalyst
%  Conv.          Catalyst     Starting          Calc.      of     A.B.D.*
Before    After            No.        Materials       Temp. [err]C.
C[err]H[err](a)  g./cc.        Test      Test l     80% PPA (b) and   460
87.2           0.785      12.2+      12.2+              2      20%
diatomaceous   560        92.2      0.765      12.2+     12.2+ 



3    earth(c) (Celite)     660       89.5      0.723       11.55+    11.95+
4      80% PPA (b) and   510         66.1      0.824      12.15+    12.0+
5      20% diatomaceous   560        67.7      0.812      12.2+      11.9+
6     earth (c)            610       72.0      0.809      11.7+      12.2+
7      (Dicalite 1)        660       69.1      0.836      11.35+     11.85
8      80% PPA (b)         360       61.4      0.867       11.7+      9.7
9  20% diatomaccous   460     84.0      0.837        12.0+    12.15+
10  earth (c)               510       87.9      0.792       12.2+    12.2+
11  (Dicalite 2)         560        89.0      0.801      12.2+     12.2 +
a) On 5 x 5 mm. cylindrical pills extruded on a laboratory hydraulic press.
b) Polyphosphoric acid with 84.8% P[err]O[err] analysis.  c) Volatile
matter-free basis.           *  Apparent bulk density.      55  The
particles formed from the composites steps, as shown. The limited quantity
of each         were calcined at the indicated temperatures catalyst sample
and the desirability of deter-   from 360[err] to 660[err]C. in 50[err] and
100[err] C. mining the highest temperature which each  60
14                                         863,539          composite could
tolerate before its activity  according  to  the  procedure described
would start to decline did not permit calcu-  Example III.  The resultant
composite                      lation of all composites at all the
temperatures.  then heated for 30 minutes at a temperature
Table VI shows the unexpected high acti-  of 170[err]C. prior to extrusion
at that [err]                    5  vities and high after-use crushing
strengths  perature. The extrusion by means of
obtained with these groups of catalysts when  hydraulic press extruder was
initiated [err]                      calcined at temperatures from 460[err]
to 660[err]  load of 3620 kg. and was continued [err]
C.Thus the propylene polymerizing activities  load of 3170 kg. The
extrudate was cut                      reached the unusually high values of
89 and  5 x 5 mm. pellets by a stainless steel [err]                 10
92%, and high after-use crushing strengths of  it was then dried for one
hour at a tempera-                      12.2+ kg. were obtained on
catalysts calcined  ture of 170[err] C and divided into four part
at 560[err] and 660[err] C.  Maximum activities  which were calcined in a
muffle furnace                      were attained at calcination
temperatures in   560[err]C. for times of 1,2,4 and 8 hours.
the neighbourhood of 560[err] to 610[err] C., the    A similar intermediate
composite was                 15  optimum  temperature being dependent upon
pared in the same manner and extruded                     the particular
diatomaceous earth employed.  particles which were also dried for one [err]
Different calcination temperatures had only a  at a temperature of
170[err]C. after which 



small effect on the after-use crushing strengths  pellets were divided into
four portions                     over the calcination temperature range of
460[err] calcined at a temperature of 360[err] C. for                20  to
660[err] C. There was an unmistakable tend-  ferent lengths of time.  The
polymeri[err]                          ency for both the polmerizing
activities and   activities and crushing strengths of these
the used-pill strengths to drop on catalysts  groups of catalysts finished
by calcining                    calcined at temperatures below 460[err]C.
560[err]C. and 360[err]C., respectively, for differ-
EXAMPLE IV                     ent lengths of time are shown in Table VI
25    An intermediate composite was prepared   The activities of these
catalysts were [err]                    by mixing 120 g. of polyphosphoric
acid  mined on a propane-propylene mixture [err]
(84.8% P[err]O[err] content) and 33.5 g. of diato-  taining 49.2 mol
percent of propylene                    maceous earth (9.6% volatile matter
content)  the procedure outlined in Example III.
TABLE VII                          Effect of Time of Calcination on
Activities and Crushing Strengths of Catalysts
Produced from Polyphosphoric Acid and Diatomaceous Earth
Average Crushing
Strength Kg.                                   Catalyst
Calcination %Conv.                     Catalyst    Starting   Temp., Time
of     A.B.D                       NO.        Materials        [err]C.
Hrs.  C               g.cc          Test
C[err]H[err](a)       Test                       12     80% PPA (b)
.560    1        75.1     0.765      12.2    10.45
13  20% diatomaccous  560         2       78.8     0.757        12.2
11.55                       14    earth (c) 560                   4
78.0      0.762    12.05-  10.5-            7         15       (Dicalite 2)
560     8       80.3    0.737       12.05       9.2
16       80%  PPS  (b)     360     1      59       0.812        17.9
6.54                       17     20% diatomaceous  360   2         61.3
0.781        10.9     10.2                       18     earth (c)
360     4      61.4        0.772       10.9   6.16                       19
(Dicalite 2)      360        8      58.6      0.788      11.55 7.98
20                           360      1}(d) 81.5        0.738       12.2
9.0  21   70.2  PPA (b)360 1 62.8  0.738  12.18  4.0
22  29.8% diatomaceous 460    1      66.1       0.729       12.18   3.36
23     earth(c) 510                   1       64.6     0.746        12.05
24      (Dicalite 2)       560     1      42.2      0.710       11.9
12.2                       a) On 5  x 5 mm. cylindrical pills extruded on a
laboratory hydraulic press.                       b) Polyphosphoric acid
with 84.8% P[err]O[err] analysis.                         c)Volatile matter
free basis.                                 d)  First calcined one hour at
360[err]C. followed by one hour calcination at 560[err]C.  



As shown in Table VII, calcination  at  decreased almost linearly from
11.5 to 9.2   either 360[err], 460[err] or 510C. of an experi-  kg. as the
calcination  time was increased            mental composite (Catalysts
21-23) pre-  from two to eight hours. In the 360C. series 55
pared from  polyphosphoric acid and diato-  the crushing strengths after
use did not line        5  maceous earth in the proportions commonly  up on
any simple curve. Some of the used pill            employed heretofore in
producing commer-  strengths were good (8 and 10 kg.) and some   cial solid
phosphoric acid catalysts caused  rather mediocre (6.5 kg.).  Evidently a
pro-   hardly any variation in activity or used-pill  longed low
temperature calcination of com-  60            peripheral crushing
strength.  The activities  posites with a very high acid content is not a
10  ranged from  62 to 66% while the used-pill  substitute for a short
time-high temperature            crushing strengths varied from  2.5 to 4
kg.  calcination.  On the other hand, the calcination of the same  When the
activities and crushing strengths            composite at 560C. (catalyst
24) seriously  after use of the 80% acid catalysts were plot-  65
15  lowered the activity (42%) which offset the           ted against
calcination time, the activity values           value of the improved
used-pill strength   were on practically a straight, almost hori-
(12.2 kg.).                                  zontal line. There was no
diminution in the  45         From  the above indicated  results it is
excellent activities even after an 8. hour cal-  obvious that the catalysts
produced from com-  cination.   In  fact, the activities actually  70
posites containing 80% of polyphosphoric acid  appeared to improve somewhat
(from  75 to       20  and hereinafter referred to as the 80% acid   80%)
as the calcination time was raised from           catalyst are definitely
superior to the 70% acid   1 to 8 hours. The used-pill strengths of these
50       catalysts (conventional commercial solid phos-  catalysts likewise
were on practically a straight           phoric acid catalysts). The
activities of both  line.  Though these crushing strengths after 75
the 80% acid catalysts and the 70% acid  use were all good (above 9 kg.)
they seemed      25  catalysts start at about the same value (approxi-  to
decrease very slowly and almost linearly as           mately 60%) at
360[err] C. but the activities of  the length of the calcination time was
in- 55        the former catalysts continue to rise to 89%  creased. It is
also interesting to note that a           at 560[err] C. calcination.
(Table VI), whereas  one hour calcination at 560[err]C. after an ini-  80
those of the 70% acid catalysts remain about  tial calcination of one hour
at 360[err] C (catalyst      30  the same (62 to 66%) over the
360[err]-510[err]  21) improved considerably both the activity      range
and then drop abruptly at higher tem-  and used-pill strength.   perature,
namely to 42% to 560[err] C. (Table                EXAMPLE V          VII,
catalysts 21-24). Moreover. throughout    Intermediate composites similar
to those  85          the same temperature range, the used pill  produced
in Examples III and IV were formed      35 strengths of the 80% acid
catalysts rise from  by mixing 82.5% of orthophosphoric acid          10 to
12.2 kg while those of the 70% acid  (H[err]PO[err]) and 17.6% by weight of
diatoma-          catalysts remain low (2.7 to 4.1 kg.) between   ceous
earth so as to form a phosphoric acid-          360[err] and 510[err] C.
and only rise to the value  diatomaceous earth composite having the same
90          of the considerably more active 80% acid   P[err]O[err] to
siliceous adsorbent ratio as contained 



40  catalyst at the 560[err] C. calcination tempera-   in the catalysts of
Examples III and IV which          ture, at which the activity of the 70%
catalyst  were prepared from 80% by weight of poly-          drops to below
the useful range.            phosphoric acid. These composites were then
The particles formed from  the polyphos-  heated at a temperature of
170[err] C. to produce 95          phoric acid-diatomaceous earth
composite  a plastic mass suitable for extrusion and cut-     45  having an
80% acid content showed remark-  ting to form pilled or pelleted catalyst
par-         ably constant activities after calcinations for  ticles. The
resultant particles were then cal-         various lengths of time (1, 2.
4, and 8 hours)  cined at temperatures of 360[err], 460, 510[err],
at either 360[err] or 560[err]C. The activities in  560 C. for one  hour
each.  Activity test  100         the 360[err]C. series, however, were only
59 to  results   and   crushing  strengths  of   these     50  61% whereas
in the 560[err] C. series the acti-  catalysts were obtained as shown in
Table     vities were 75 to 80%. In the 560[err] C. series  VIII.       the
peripheral crushing strengths after use
TABLE VIII                                     Phosphoric Acid-Diatomacus
Earth Catalysts
Average Crushing                          Catalyst           Calcination
% Conv.                            Kg.                Catalyst
Materials  of   A.B.D.  Before   After                            [err]C.
Hrs.   C[err]H[err](a)  g./cc.  Test    Test               25       82.4%
H[err]PO[err]          360      1       33.3      0.809        9.8+   9.85+
26       and  17.6% dia-    460         1      47.7       0.734       12.2+
12.2+              27       tomaceous earth(b)  510       1       59.1
0.743       12.2+    12.2+              28  (Dicalite 2)          560
1      70.9      0.705       12.2+    12.2+                a) On 5 x 5 mm.
cylindrical pills extruded on a laboratory hydraulic press.
b) Volatile matter free basis.            Comparison of the activities and
crushing   weight of the solid siliceous material and from
strengths of the catalsts referred to in Table  75 to 90%  by weight of a
phosphoric acid       VIII with similar catalysts prepared  from   having a
P[err]O[err] content of from 79 to 85         polyphosphoric acid and
diatomaceous earth  weight percent with heating of said mixture
(Catalysts 8-11 of Table VI) indicates that  at a temperature in the range
of from 95[err] 



when using a calcination time of one hour,  to 232C. prior to its
transformation into         the orthophosphoric acid yielded structurally
shaped particles         strong catalysts wvhich, however, had lower   3.
Process as claimed in claim  1 or 2    10  activities than those produced
in analogous  characterized by the use of catalyst particles         manner
from  polyphosphoric acid. The data  prepared from a mixture of the solid
siliceous         of Table VIII, moreover, indicate that the   material and
a polyphesphoric acid and having         use of a calcination temperature
of 360[err] C.a phosphorus content determined as P[err]O[err] in
resulted in an activity which was too low for  in the proportion of from
3.0 to 7.5 parts by    15  practical use. Some correlaton seems to exist
weight per part by weight of the siliceous        between the differences
in the activities of  material.        any corresponding pair of catalysts
in the two     4  Process as claimed in any of the claims
series(namely pairs of catalysts produced   1 to 3, characterized by the
use of catalyst                  from the different acids with calcination
at the  particles which upon their having been shaped      20  same
temperature) and the differences in their  from the heated moldable mixture
have been        residual amounts of water (that is the water  finished by
calcining at a temperature in  the      contained in the catalyst
composition after range of from 530[err] to 675[err] C        final
calcination).                                   Process as claimed in claim
4, charac-          WHAT  WE CLAIM IS:                            terized
by the use of catalyst particles whcih   25     1. A  process for the
conversion of organic  have been-finished by effecting the calcination  70
compounds wherein an unsaturated organic in an inert gas for a time of from
0.5 to       compound is subjected to a condensation re-  2 hours.
action in the presence of a solid phosphoric   6. Process as claimed in any
of the claims       acid catalyst at a temperature up to 400[err]C.  1 to
5,characterized thereby that the catalyst              3 and a pressure of
from atmospheric to 100   particls upon their calcinatn at a tempera-  75
atmospheres, characterized  by  the use of a  ture in the range of from
4600  to  760[err]C   catalyst which  has been  manufactured by pre-    are
used, without any intervening change of   paring from a phosphoric  acid
and  a  solid composition, in the alkylation of an aromatic
siliceous material a mixture having a phos-   compound having  a
replaceable hydrogen atom  35  phorus content determined  as P[err]O[err]
in the pro-  on a ring  nucleus by  reaction with an un-  80
portion of from 2.37 to 7.65 parts by weight  saturated organic compound of
the group con-      per part by  weight of the siliceous material, sisting
of  the  hydrocarbon havong olefinic      heating  said  mixture until it
has assumed  a  unsaturation  and   the  alkyl chlorides alkyl
semi-solid moldable state , then transforming   bromides  and  alkyl
iodides. 40 the  mixture into  shaped particles  and  com-    7. Process as
claimed in claim 6, charac-      pleting  the  catalyst preparation by
calcining  terized thereby  that the  calcined  catalyst par-      said
particles  at a  temperature in the range   ticles are used in the
allkyltion of a benzene                    of from 460[err] to 760[err]C.
hydrocarbon with a monoolefinic hydrocarbon        2.  Process as claimed
in claim   1. charac-  8.  Process s  claimed  in any  of the claims 45
terized  by  the  use of  catalyst particles pre-  1 to 5 characterized
thereby that the catalyst        pared from a mixture of from 25 to 10% by
particles upon their calcination at a tempera-        



Phosphoric Acid-Diatomaceous Earth Catalysts
Average Crushing
Strengths, Kg.                          Catalyst          Calcination    %
Conv.    Catalyst    Starting         Temp., Time       of      A.B.D.
Before    After               No.       Materials           [err]C.  Hrs.
C[err]H[err](a)  g. cc.         Test      Test                25      82.4%
H[err]PO[err]         360      1      33.3      0.809        9.8+   9.85+
26      and 17.6%  dia-    460       1      47.7     0.734       12.2+
12.2+               27      tomaccous earth (b)  510     1      59.1
0.743       12.2+    12.2+               28      (Dicalite 2)        560
1      70.9     0.705       12.2+    12.2+                a) On 5 x 5 mm.
cylindrical pills extruded on a laboratory hydraulic press.
b) Volatile matter free basis.                Comparison of the activities
and crushing  weight of the solid siliceous material and from
strengths of the catalysts referred to in Table  75 to 90% by weight of a
phosphoric acid            VIII with similar catalysts prepared from
having a P[err]O[err] content of from  79 to 85        5  polyphosphoric
acid and diatomaccous earth   weight percent with heating of said mixture
50            (Catalysts 8-11 of Table VI) indicates that  at a temperature
in the range of from  95            when using a calcination time of one
hour,  to 232[err]C. prior to its transformation into            the
orthophosphoric acid yielded structurally  shaped particles.
strong catalysts which, however. had lower    3. Process as claimed in
claim  1 or 2        10  activities than those produced in analogous
characterized by the use of catalyst particles          manner from
polyphosphoric acid. The data  prepared from a mixture of the solid
siliccous            of Table VIII, moreover, indicate that the  material
and a polyphesphoric acid and having            use of  a calcination
temperature of 360[err] C.  a phosphorus content determined as P[err]O[err]
resulted in an activity which was too low for  in the proportion of from
3.0 to 7.5 parts by        15  practical use. Some correlation seems to
exist  weight per part by weight of the siliccous  60            between
the differences in the activities of  material.            any
corresponding pair of catalysts in the two  4. Process as claimed in any of
the claims            series (namely pairs of catalysts produced   I to 3,
characterized by the usc of catalyst            from the different acids
with calcination at the   particles which upon their having been shaped
20  same temperature) and the differences in their  from the heated
moldable mixture have been  65            residual amounts of water (that
is the water  finished by calcining at a temperature in the
contained in the catalyst composition after  range of from  530[err] to
675[err] C.          final calcination).               5. Process as
claimed in claim 4, charac- 



WHAT WE CLAIM IS:-               terized by the use of catalyst particles
which        25    1. A process for the conversion of organic  have
been-finished by effecting the calcination  70            compounds wherein
an unsaturated organic  in an inert gas for a time of from  0.5 to
compound is subjected to a condensation re-  2 hours.            action in
the presence of a solid phosphoric   6. Process as claimed in any of the
claims            acid catalyst at a temperature up to 400[err]C.  1 to 5,
characterized thereby that the catalyst        30 and a pressure of from
atmospheric to 100  particles upon their calcination at a tempera-  75
atmospheres, characterized by the use of a   ture in the range of from
460[err] to 760[err] C.     catalyst which has been manufactured by pre-
are used, without any intervening change of           paring from  a
phosphoric acid and a solid  composition, in the alkylation of an aromatic
siliceous material a mixture having a phos-  compound having a replaceable
hydrogen atom        35 phorus content determined as P[err]O[err] in the
pro-  on a ring nucleus by reaction with an un-  80          portion of
from 2.37 to 7.65 parts by weight  saturated organic compound of the group
con-            per part by weight of the siliceous material. sisting of
the hydrocarbons having olefinic            heating said mixture until it
has assumed a  unsaturation and the alkyl chlorides,alkyl
semi-solid moldable state, then  transforming   bromides and alkyl iodides.
40  the mixture into shaped particles and com-    7. Process as claimed in
claim 6, charac-  85            pleting the catalyst preparation by
calcining  terized thereby that the calcined catalyst par-            said
particles at a temperature in the range  ticles are used in the alkylation
of a benzene            of from 460[err] to 760[err] C.
hydrocarbon with a mononlefinic hydrocarbon.              2. Process as
claimed in claim  1. charac-      Process as claimed in any of the claims
45  terized by the use of catalyst particles pre-  1 to 5, characterized
thereby that the catalyst 90            pared from a mixture of from 25 to
10% by  particles upon their calcination at a tempera-           ture in
the range of from 460[err] to 760[err]C. are  range of from 95[err] to
232[err] C. prior to its             without any intervening change of com
transformation into shaped particles.        position, in the
polymerisation of olefinic    12. Process as claimed in claim 10 or 11,  55
hydrocarbons.                                 characterized thereby that a
composite pre-    5     9. Process as claimed in claim 8, charac-  pared by
intimately mixing the solid siliceous        terized thereby that the
calcined catalyst par-  material and a polyphosphoric acid and hav-
ticles are used in the polymerisation of nor-  ing a phosphorus content
determined as P[err]O[err]        mally gaseous monoolefinic hydrocarbons.
in the proportion of from 3.0 to 7.5 parts by  40          10. Process for
producing a solid phos-  weight per part by weight of the siliceous   10
phoric acid catalyst suitable for use in the  material is subjected to the
heating and then        conversion of organic compounds and particu-  to
the transformation into shaped particles.        larly in the process of
any of the claims 1 to    13. Process as claimed in any of the claims
9, characterized thereby that a composite  10 to 12, characterized thereby
that the heat-  45        containing a phosphoric acid in intimate ad-  ing
of the composite prior to its transforma- 



15  mixture with a finely divided solid siliceous  tion into shaped
particles is effected at a        material and having a phosphorus content
temperature of 170-180[err]C.        determined as P[err]O[err] in the
proportion of    14. Process as claimed in any of the claims        from
2.37 to 7.65 parts by weight per part 10 to 13, characterized thereby that
the pre-  50        by weight of the siliceous material is heated  paration
of the catalyst is completed by cal-   20  until the composite has assumed
a semi-solid  cining the shaped particles at a temperature        moldable
state, said composite is then trans- in the range of from 530 to 675[err]
C.        formed into shaped particles and.the catalyst   15. Process as
claimed in claim 14, charac-        preparation is completed by calcining
said terized thereby that the calcination of the  55        particles at a
temperature in the range of  shaped particles is effected in an inert gas
for   25  from 460[err] to 760[err] C                   a time period of
from 0.5 to 2 hours.          11. Process as claimed in claim 10. charac-
16. Solid phosphoric acid catalyst particles        terized thereby that a
composite of from 25  suitable for use in the conversion of organic
to 10%  by weight of a diatomaceous earth  compoundswhenever produced by
the process  60        and from 75 to 90%  by weight of a phos-  of any of
the claims 10 to 15.   30  phoric acid having a phosphorus content
J. Y. & G. W. JOHNSON,        determined as P[err]O[err] of from 79 to 85
weight   47, Lincoln's Inn Fields, London, W.C.2,        percent is heated
at a temperature in the          Chartered Patent Agents.
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