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pany 

Filed Aug. 31, 1970, Ser. No. 68,213 
Int, CI. B01j 11/40, 11/32 
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ABSTRACT OF THE DISCLOSURE 
A process, and compositions of matter, for cracking 

hydrocarbon feeds, e.g., at temperatures ranging from 
about 400° C.-650° C. The feeds are cracked at cracking 
conditions by contact with catalysts selected from the 
groups consisting of (a) magnesium chrysotile and (b) 
magnesium chrysotile, nickel chrysotile and cobalt chrys 
otile substituted by certain selected concentrations of alu 
minum. Flake forms of chrysotile are preferred, especially 
those of surface areas ranging from about 250 m./g- 
500 m./g., and higher. Particularly useful catalysts are 
formed by incorporation of these materials in matrices 
which possess Bronsted acidity. 

a-maccessessekoram 

Certain forms of layered complex metal silicates are 
formed of sheets of paired layers of SiO5, or serpentine, 
fused together with layers of metal chemically combined 
with hydroxyl ions. Illustrative of such naturally occur 
ring materials which have common morphological and 
structural characteristics are chrysotile, Mg(OH)4Si2O5, 
garnierite, Ni3(OH)4Si2O5, metahalloysite, 

and kaolinite, Al(OH)4Si2O5. Synthetic complex metal 
silicates of this character have been formed, these mate 
rials generally retaining their high stability while having a 
higher degree of dispersability, purity and homogeneity 
than those products found in nature. These synthetic mate 
rials, particularly the pure materials, are thus useful as 
filtering mediums, absorbents, fillers and the like. Because 
of their high stability to heat, they are also useful in the 
production of high temperature or flame resistant fabrics, 
and can be used in woven and nonwoven fabrics. 

Asbestos is a naturally-occurring complex metal silicate 
of this character. The term, commonly used to identify a 
material of a fibrous textile nature capable of being woven 
into a fabric, is more specifically used to identify a variety 
of serpentines called chrysotile, ideally Mg(OH)SiO5, 
supra, a species of layered complex metal silicate. Though 
the structure can differ in chemical composition to some 
extent due to the presence of impurities, this naturally 
occurring material as other forms of chrysotile is a ser 
pentine of type formed of sheets of paired layers of SiOs 
fused together with layers of metal, in this instance mag 
nesium, chemically combined with hydroxyl ions. Investi 
gations have been made of the properties of these forms of 
complex metal silicates, and it has been reported, e.g., that 
natural chrysotile has the configuration of hollow tubes 
or cylindrical fibrils with an average outer diameter of 
200 to 250 A. (angstrom units) and an average inner 
diameter of 20 to 50 A. As reported in the “Encyclopedia 
of Chemical Technology,” Second Edition, volume 2, p. 
738 (Interscience Publishers), naturally-occurring chrys 
otiles typically have surface areas varying from 4 to 12 
square meters per gram (m./g.) though by additional 
fibrilization the surface areas can be increased to 30 to 
50 m2/g. Noll et al. have reported ("Kolloid-Zeitschrift,' 
volume 1571), pages 1 to 11) that synthetic chrysotile, 
Mg(OH)4Si2O5, can be prepared having surface areas 
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ranging as high as 110 m2/g. (BET Method). Noll et al. 
have also reported Beitrage zur Mineralogie und Petro 
graphie, volume 7, 1960, pages 232-241 synthetic nickel 
and cobalt Substituted forms of chrysotile-viz., garnierite, 
Ni(OH)4Si2O5, and Co(OH)4Si2O5-with surface areas 
ranging as high as 125 m.2/g. and 190 m.2/g. (BET 
Method), respectively. Little has been reported in regard 
to other forms of chrysotile. 

Chrysotiles have in the past been used as support mate 
rials, or carriers, for oxidation catalysts such as platinum 
Supported on natural chrysotile for use in the conversion 
of sulfur dioxide to sulfur trioxide. Despite the apparent 
advantages offered by the extremely high thermal stability 
of this class of complex metal silicate, these materials, 
insofar as is known, have never been used except as cata 
lyst supports. A reason for this, perhaps, is because, in 
their natural state, little if any catalytic activity is shown. 
Moreover, though purer and more catalytically interesting 
forms have been prepared synthetically over many years, 
these materials yet remain little more than a matter of 
academic interest. Perhaps this is due in part to the 
extreme difficulty of preparing even minute amounts of 
these materials for experimentation. 

Until now, synthesis of layered complex metal silicates, 
highly preferred of which are the chrysotiles, has only been 
possible under hydrothermal conditions at relatively high 
temperatures and extreme pressures. Generally, tempera 
tures on the order of 350° C. to 600° C., and higher, and 
pressures on the order of 13,000 p.s. i. (pounds per square 
inch absolute) to 23,000 p.s. i., and higher, have been 
employed to produce these materials. Such extreme condi 
tions, of course, are not conducive to commercial or large 
scale operations, and though the purity and quality of 
these materials over the natural products have been 
improved to provide some advantages, the properties none 
theless did not appear of particular interest for use of these 
materials as catalysts. In large part, this is probably due to 
the relatively limited number of interesting specimens 
found in nature, the only major source of supply, to the 
low surface areas observed in the naturally-occurring 
forms of these materials, and to the only relatively modest 
gains made in synthesis even of the few of these materials 
which have been synthetically produced. 

Nonetheless, it is the primary objective of the present 
invention to obviate these and other prior art difficulties. 
A particular object is to provide a new and improved 

process for production of these layered complex metal 
silicates, or silicates formed of sheets of paired layers of 
SiO5, or serpentine, fused together with layers of certain 
types of metal, or metals, chemically combined with 
hydroxyl ions. 
A specific object is to provide such process which can 

be operated at low severity conditions, i.e., at tempera 
tures and pressures considerably lower than heretofore 
possible, which process is capable of producing complex 
metal silicates resembling, or closely resembling, the chem 
ical or physical composition, or both, of those found in 
nature as well as a spectrum of new and novel complex 
metal silicates which differ in chemical or physical com 
position, or both, from those found in nature. 

Another object is to provide complex metal silicate and 
chrysotile compositions which differ in one or more of 
their chemical or physical characteristics, or both, from 
those compositions found in nature, or heretofore syn 
thetically produced. 
A further object is to provide complex metal silicates 

and chrysotiles which differ in one or more of their chem 
ical or physical characteristics, or both, for direct or in 
direct use as catalysts, or catalytic agents, for use in hydro 
carbon conversion reactions. 
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In addition to the many known usages of the layered 
complex metal silicates, supra, and the advantages offered 
by synthesis of these materials with greater adsorption 
and absorption capacities, and in high purity state, the 
present compositions can be used directly or modified by 
known techniques for use in hydrocarbon conversion re 
actions for improving the octane number of gasoline or 
converting relatively heavy hydrocarbons to light, lower 
boiling hydrocarbons, and including converting hydrocar 
bons by hydrogenation or dehydrogenation to saturate or 
unsaturate, in whole or in part, various species of molec 
ular hydrocarbons. Among such hyhdrocarbon conver 
sion processes are aromatization, isomerziation, hydro 
isomerization, cracking, hydrocracking, polymerization, 
alkylation, dealkylation, hydrogenation, dehydrogenation, 
desulfurization, denitrogenation, and reforming. 

It has now been found that layered complex metal sil 
icates, particularly chrysotiles, of shape ranging from 
very thick wall tubes (substantially rods in character) 
through moderately thick wall tubes, thick wall tubes 
through thin wall tubes, and thin wall tubes through flakes 
can be synthetically prepared from soluble forms of silica, 
and certain metals or their oxides and hydroxides in alka 
line medium, in critical concentration, at moderate tem 
peratures and pressures. The layered complex metal sil 
icates, including chrysotiles, formed in accordance with 
the present inventive process, and certain of the high sur 
face area compositions of the present invention, are of 
crystalline structure defined chemically by repeating units 
represented by the following structural formula: 

(I) 

where M and M are selected from monovalent and multi 
valent metal cations, of valence ranging from 1 to 7, 
having an effective ionic radius Goldschmidt radius, 
Effective Radii of Atoms and Ions from Crystal Struc 
ture, page 108, Lange's Handbook of Chemistry, Tenth 
Edition, Handbook Publishers, Inc., Sandusky, Ohio 
ranging from about 0.5 to about 1 A., and preferably 
from about 0.57 to about 0.91 A., x is a number ranging 
from 0 to 1, this number expressing the atomic fraction of 
the metals M and M, a is the valence of M, b is the val 
ence of M, n is a number equal in value to that defined 
by the ratio 6/a(1-x)--bic, and w is a number rang 
ing from 0 to 4. Some species of these complex metal sil 
icates have been found to exist in nature, and some species 
have been synthetically produced. Some species differ 
chemically from those found in nature, or those hereto 
fore synthetically produced, and others, though chemically 
similar, possess different physical properties. 

Illustrative of this type of complex silicate, in any event, 
is the form of serpentine known as chrysotile, the dehy 
drated form of which has the idealized structural formula 
Mg(OH)4Si2Os. The formula is idealized in the sense 
that chrysotiles, as other minerals, rarely, if ever, appear 
in nature in pure form but contain very small amounts 
of impurities such as iron, aluminum, and the like, substi 
tuted for magnesium, and occasionally for silicon. Chryso 
tile is a mineral derived from multiple layers of SiO5, 
or serpentine, condensed with Mg(OH)2 or brucite layers, 
this material existing in nature as cylindrical shaped rods 
or thick tubes. The naturally-occurring mineral antigorite 
is also illustrative of such complex silicate having the 
idealized formula Mg(OH)SiO5. In nature, this mate 
rial is also constituted of SiO5, or serpentine, condensed 
with layers of Mg(OH)2, or brucite. This material, how 
ever, is found in nature in the form of plates of undulat 
ing shape. Ortho serpentine, Mg(OH)4Si2O5, a six-layer 
Serpentine, is also found in nature, as is lizardite, 
Mg(OH)SiO5, which is a one-layer serpentine. Both of 
these materials are found in the form of plates. Gar 
nierite, a nickel substituted form of layered complex 
silicate, Ni3(OH)4Si2O5, is found in nature in the form 
of tubes. Synthetic garnierite has also been prepared by 
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4. 
prior art workers, nickel having been substituted for mag 
nesium in conventional synthetic chrysotile formulations. 
Cobalt chrysotile, Co(OH)SiO5, has been prepared in 
similar manner. Insofar as known, however, attempts to 
prepare other useful forms of synthetic chysotiles have 
failed. 
The process of this invention can be employed not only 

to produce complex metal silicates of known chemical 
composition, but also complex metal silicates of new and 
novel chemical compoistion. It can also be used to pro 
duce both old and new chemical compositions with new, 
different, and unique physical properties, particularly as 
regards high surface area compositions. 

Chrysotiles of known chemical composition are thus 
included in the foregoing Formula I, but even these com 
positions can be produced with entirely different physical 
properties, especially as regards surface areas. Essentially 
pure forms of chrysotile, defined in the foregoing formula 
as those species wherein x does not exceed about 0.03 and 
preferably about 0.01, are thus magnesium chrysotile, 
Mg(OH)4Si2O5, with surface areas of above about 110 
m./g., nickel chrysotile, Ni(OH)4Si2O, with surface 
areas of above about 125 m./g., and cobalt chrysotile, 
Co(OH)SiO5, with surface areas above about 190 m.2/ 
g., the maximum surface areas achieved by prior art 
practice, can thus be produced pursuant to the practice 
of this invention. Other forms chrysotile, included wtihin 
the scope of this formula, can also be produced pursuant 
to this invention but with surface areas exceeding 110 
m./g., the maximum surface area heretofore achieved 
by prior practice (exclusive of the nickel and cobalt 
chrysotile species). Preferred forms of these high surface 
area species are those in the form of thin wall tubes of 
Surface area ranging about 150 m./g. to about 250 m.2/ 
g., preferably from about 160 m./g, to about 200 m.?/g, 
and those in the form of thin flakes of surface area rang 
ing from about 250 m.*/g., to about 600 m.2/g., and high 
er, preferably from about 250 m.2/g. to about 450 m./g. 

Pursuant to the practice of the present process, com 
positions can be prepared which differ in their chemical 
structure from heretofore existing compositions in that 
they contain two or more metals in significant concen 
tration within the crystalline structure, and include, par 
ticularly, such compositions of high surface areas. These 
new compositions are of crystalline structure defined by 
repeating units represented by the following structural 
formula: 

(II) (1-x)M(a)--x I(b))(OH)SiOs wHO 
wherein M and M are metal cations having an effective 
ionic radius (Goldschmidt) ranging from about 0.5 to 
about 1 A., a expresses the valence of M and is equal to 
2, b expresses the valence of M and is an integer ranging 
from 1 to 7, and preferably is an integer ranging from 
2 to 4, x is a number ranging from 0.01 to 0.50, pref 
erably from 0.03 to 0.20, and n is a number ranging from 
2.5 to 3.3, and preferably from 2.7 to 3.0. w is a number 
ranging from 0 to 4. Exemplary of such compounds are 
(0.2 Ni-- 0.8 Mg)3(OH)4Si2O6, who; 

(0.1 Al-0.9 Mg)2.86(OH)SiO5 wHO 
(0.05 W--0.95 Ni)2(OH)4Si2O, who 

and 
(0.1 Li--0.9 Mg)3.16(OH)4SiOs wHO 

In these formulae, M and M can thus be the same or 
different metals, and these can be of the same or different 
valence. The complex metal silicates can thus contain 
eSSentially one metal, or can contain two or more different 
metals in varying concentrations. In Formula I M and 
M can be monovalent or multivalent metals of valence 
ranging from 1 to 7, while in Formula II M is a divalent 
metal. The valence of M can range from 1 to 7. M? of the 
formulae can also represent more than one monovalent 
Or multivalent metal, though substantially bimetallic com 
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positions are generally preferred. The cationic form of the 
metal of the crystal must have an effective ionic radius 
substantially within the ranges described. Illustrative of 
metals utilized in acceptable cationic form, which can be 
selected from the Periodic Table of the Elements (E. H. 
Sargent & Company, copyright 1962 Dyna Slide Co.), 
are Group I-A metals such as lithium, Group I-B metals 
such as copper, Group II-A metals such as magnesium, 
Group II-B metals such as zinc, Group III-B metals Such 
as scandium, Group III-A metals such as aluminum and 
gallium, Group IV-B metals such as titanium and zir 
conium, Group V-B metals such as vanadium, Group VI 
B metals such as chromium, molybdenum and tungsten, 
Group VII-B metals such as manganese and Group VIII 
metals such as iron, cobalt, nickel, palladium and 
platinum. 

Preferred metals from these classes are magnesium, 
nickel, cobalt, chromium, molybdenum, tungsten, palla 
dium, platinum and aluminum. Magnesium is preferred 
because of the relative ease of formation of the complex 
magnesium silicates which are useful as catalysts, and such 
silicates are quite useful as support materials. Pursuant to 
the process of this invention, other complex metal silicates 
are formed by substitution of other metal ions for the 
magnesium. Nickel and cobalt are also preferred metals 
with known catalytic properties, and can be readily sub 
stituted for magnesium, in whole or in part, to provide 
highly active hydrogenation components in formation of 
fuels processing catalysts. Chromium is found highly 
suitable for formation of other complex metal silicates of 
the type herein described, and can be used to produce 
aromatization catalysts of good quality for use in fuels 
processes. Molybdenum is found useful, especially for the 
production of hydrodesulfurization and reforming cata 
lysts. Tungsten and palladium are useful for formation 
of hydrocracking catalysts. Platinum is useful in forming 
reforming catalysts and aluminum for use in the produc 
tion of catalytic cracking catalysts. In general, the syn 
thetic chrysotiles of this invention provide a means of 
maintaining a metal in dispersed form on a silica surface 
to provide greater activity, this being contrasted with the 
addition of metals to such preformed support materials 
which leaves something to be desired in maintaining this 
high state of dispersion. 
Complex metal silicates of these types can be syn 

thetically prepared in hydrated form in very high yields 
from solution or gels, and then converted to dehydrated 
form by subjection to heat, as desired. The complex metal 
silicates are prepared by reacting a metal cation source 
with a silica source in proportions approximating the 
stoichiometric complex metal silicate composition, in an 
alkaline medium of pH ranging from about 10, and 
higher, and preferably at pH ranging from about 12 to 
about 14, at moderate temperatures and pressures. Suit 
ably, the reaction is conducted at temperatures ranging 
below 300° C., preferably at temperatures ranging from 
about 200° C. to about 275 C. Lower temperatures can 
be used but the reaction proceeds quite slowly. Pressures 
in many systems are suitably autogenous, i.e., main 
tained at the vapor pressure of the liquid solvent at the 
temperature of operation. This is especially true of aque 
ous mediums, these mediums being especially preferred. 
Pressures as high as 12,000 p.s. i., and higher, can be em 
ployed, but generally it is commercially unfeasible to 
operate at pressures above about 1000 p.s. i. Preferably, 
pressures ranging from about 200 p.s.i. to about 1000 
p.s. i., and more preferably pressures ranging from about 
400 p.s.i. to about 800 p.s. i. are maintained upon the 
reaction system. Reaction time ranges generally from 
about 0.5 to about 72 hours, and preferably from about 
4 to about 24 hours. 
The compositions of the present invention encompass: 

(a) layered complex metal silicates defined by Formula 
I where the surface area of the composition ranges above 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

5 

6 
about 110 m./g., except as regards nickel chrysotile, 
Ni(OH)4Si2O5, and cobalt chrysotile, Co3(OH)4Si2O5, 
but encompasses these latter species wherein the surface 
areas range above about 125 m.2/g. and 190 m.2/g. (BET 
Method), respectively; and (b) layered complex metal 
silicates defined by Formula II, the higher surface area 
compositions being especially preferred. The most pre 
ferred compositions of the present invention, because they 
are admirably suitable for direct or indirect use as hydro 
carbon conversion catalysts or catalyst supports, are the 
chrysotiles. For purposes of this invention, chrysotiles are 
those compositions defined in Formula I and Formula II 
wherein the SiO5, or serpentine layers of the repeating 
unit which form the crystals, are of smaller length or 
diameter than the associated metal hydroxide layers to 
which the serpentine layers are adjoined. This character 
istic structure is distinguishable from other layered com 
plex metal silicates, and other crystalline substances, by 
X-ray diffraction patterns whether the crystal structures 
exist as tubes or flakes. 
X-ray powder diffraction data for the two physically 

different forms of chrysotile are as given below: 
X-RAY DIFFRACTION PATTERNS FOR CHRYSOTILE 

Tubes Flakes 

d (A.) I d (A.) 
7.50-c.40------- 8 
4.50-c.20------- m 4.55–c.20.------ 2. 
3.67-c.13-------- 8 3.22.10------- up 

2.59-06-------- in 

1.73-E.025------ 0 
1.54th.015.------ 

1.320-E.010----- 20 1,31--,00.------ iy 
1.300=E.010----- 2) 

In obtaining the X-ray powder diffraction pattern, standard 
procedures were employed. The radiation source was the 
K-alpha doublet for copper. A Geiger counter spectrom 
eter with a strip chart pen recorder was used in record 
ing the data. The peak heights I, and the positions as a 
function of 20, where 8 is the Bragg angle, were read from 
the spectrometer chart. From these, the relative inten 
sities I were observed. Also, the interplanar spacing d, 
in Angstrom units, corresponding to the recorded lines, 
were determined by reference to standard tables. In the 
above table, the more significant interplanar spacings, i.e., 
d values, for chrysotile tubes and flakes, respectively, are 
given. The relative intensities of the lines are expressed as 
s. (strong), m. (medium) and W. (weak). 

In chrysotile it is thus known that the mineral is formed 
of paired serpentine and brucite layers which do not 
match, and hence the crystal is strained. Consequently, 
this gives rise to different physical forms and shapes inas 
much as relief from the strain is gained by a curl of the 
crystal along its long axis so that chrysotile exists in 
nature as cylindrical shaped rods or thick wall tubes. The 
thick wall tubular structure has been observed in synthetic 
forms of chrysotile. In the present process, the complex 
metal silicates are also formed as thick wall tubes, thin 
wall tubes, curls or flakes, as desired, from gels as paired 
layers of different sizes. Layers of silicon-oxygen sheets 
are combined with layers of hydroxyl groups cemented 
to the silicon-oxygen sheets by metal cations. Each of the 
repeating units, considering for convenience the anhydrous 
form, is thus formed of a layer of serpentine, or SiO5, 
and an adjacent larger sized layer of metal chemically 
combined with hydroxyl ions or 

to which the former is fused. The paired, fused metal 
hydroxyl ions and serpentine layers are held together by 
very strong forces of attraction, while the repeating units 
of paired layers per se are held together by weaker forces 
of attraction. A serpentine or SiO5 layer is formed of a 
sheet of linked SiO4 tetrahedra, three oxygen atoms of 
each SiO4 being shared with adjacent SiO4 tetrahedra 
in the same layer. The vertices of all the tetrahedra point 
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in the same direction, or outwardly for a rod or tube 
structure. In the metal-hydroxy layer or 

layer, one-third of the oxygen atoms are oxygen ions 
O-2 which are shared with silica tetrahedra of the ad 

jacent serpentine or SiO5 layer. The remaining oxygen 
atoms are hydroxyl groups, and these are associated only 
with M or M cations. Thus, the M or M cations are sur 
rounded by six ions, four hydroxyl groups, or ions, and 
two oxygen ions in a case where the metal is a divalent 
cation such as magnesium. 
These forms of layered complex metal silicates can 

thus be logically considered as chrysotiles, or substituted 
chrysotiles, since they possess the chrysotile structure; 
and have been so characterized in the art in the forms 
known to exist-viz, as chrysotile, or magnesium chryso 
tile, Mg(OH)4SiO5, as nickel chrysotile, Ni3(OH4Si2O5 
and the cobalt chrysotile, Co(OH)4Si2O5. Using the Paul 
ing notation, a repeating unit of the crystalline structure 
comprising five tiers of ions (1 through 5) can be con 
veniently illustrated as follows: 

(1) - - . . . . 
a C-C, 
(4) ycy 
(5) /N AD 

Tier 1 is constituted entirely of oxygen ions. Tier 2, con 
stituting the tetrahedral cation position, is essentially con 
stituted of silicon ions. Tier 3 is constituted of both oxy 
gen and hydroxyl ions-viz, two oxygen ions and a hy 
droxyl ion. Tier 4, which constitutes the octahedral cation 
position, is constituted of a monovalent or multivalent 
metal cation M or MI. This is the primary cation site for 
substitution of the various metals represented by M and 
Minto the chrysotile structure. Where only magnesium is 
contained in the octahedral cation position, the chemical 
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structure is that of chrysotile; and where nickel or cobalt 
is wholly substituted for magnesium, the chemical struc 
ture is also that heretofore produced synthetically and 
known as nickel chrysotile (or garnierite) and cobalt 
chrysotile. Tier 5 is constituted entirely of hydroxyl ions. 
The serpentine or SiO5 layer is constituted of those tiers 
of ions ranging from 1 through 3, and the metal-hydroxyl 
ion layer is constituted of those tiers of ions ranging from 
3 through 5. Two of the ions of Tier 3 are shared be 
tween the serpentine layer and the metal-hydroxy ion 
layer, while the third ion is more identifiable with the 
metal-hydroxyl ion layer. In the repeating unit Tier 1 
contains 3 oxygen atoms, Tier 2 contains 2 silicon atoms, 
Tier 3 contains 2 oxygen atoms and 1 hydroxyl ion, Tier 
4 contains 3 magnesium ions and Tier 5 contains 3 hy 
droxyl ions. While it is not apparent from accepted Paul 
ing notation, the two layers are not of the same dimen 
sion, the metal-hydroxy ion layer being of greater length 
than the serpentine layer so that there is a misfit of the 
two layers, and hence a strain between the paired layers 
which forms a repeating unit. 
The metal-hydroxyl ion layer of a repeating unit is of 

greater area (and length at least in one dimension) than 
an adjoining serpentine layer, the misfit between the two 
layers producing a stress-strain relationship which causes 
the layers to curve in a direction such that the concave 
side of the metal-hydroxyl ion layer adjoins the convex 
side of the serpentine layer. When the chrysotile is in 
tubular shape, this means that the structure is of coil 
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8 
shape, or formed of a series of concentric-like paired 
layers of the repeating units and the serpentine layer is 
the smaller diameter member of the paired layers. 
The misfit between the paired layers in conjunction 

with the pH of the reaction medium at the time the crys 
tals are formed is believed to give rise, at least in part, to 
the present inventive process. Pursuant to the practice of 
the present inventive process, in any event, it has been 
found that a definite relationship exists between the pH 
of the alkaline medium and the nature and physical form 
of the crystalline materials which are formed, as well as 
with respect to the temperature and pressure at which the 
reactions can be conducted. By conducting the reactions 
at a pH of above about 10, and preferably at from about 
12 to 14, it has been found that the reactions can be con 
ducted at considerably lower temperatures and pressures 
than heretofore believed possible. This not only makes 
large scale commercial operation feasible but, additional 
ly, provides a means of product quality control. It has 
thus been found that pH can be used to provide complex 
metal silicates of the types described in physical forms 
and shapes ranging generally from cylindrical shaped 
rods through thick wall tubes, from thick wall tubes 
through thin wall tubes, and from thin wall tubes through 
flakes. On the one hand, where the chemical species is 
known to exist, some of the physical forms are found in 
nature, or have heretofore been synthetically produced. 
Others differ physically from the natural forms, or forms 
heretofore synthetically produced. On the other hand, 
some of these materials are chemically as well as physical 
ly different forms. For example, chrysotile, 

is found in nature in the form of rods and thick wall 
tubes of low surface area. This material has also been 
heretofore produced synthetically as thick wall tubes with 
maximum surface area of 110 m./g. Thin wall tubes of 
higher surface areas are unknown. Other minerals having 
the same chemical structure as chrysotile are known to 
exist in nature, e.g., antigorite. It exists in nature as plate 
lets of undulating shape, and generally possesses a very 
low Surface area. Garnierite, Ni(OH)SiO5, and a cobalt 
form of chrysotile, Coa(OH)SiO5, have been synthetical 
ly produced, but as specimens of surface area ranging 
as high as 125 m./g. and 190 m.2/g., respectively. 
A feature of this process is that by judicious selection 

of pH, surface areas can be improved considerably, gen 
erally at least two-fold and ranging as high as almost ten 
fold over the corresponding natural products where they 
exist. The Surface areas of these materials can thus be con 
trolled within conventional ranges, e.g., in the case of 
magnesium chrysotile up to about 110 m.2/g., or can be 
increased above 110 m.9/g. Preferably, tubes can be 
formed which have surface areas within the range of 
from about 150 m.°/g. to about 250 m.2/g, and higher, 
and more preferably within the range of from about 160 
m/g. to about 200 m.2/g. (B.E.T. method; absorption 
of N2 at its normal boiling point). Preferably, flakes can 
be formed with surface areas ranging from about 250 
m.”/g, to about 600 m.9/g., and more preferably from 
about 250 m.*/g, to about 450 m.2/g. The nickel form 
of chrysotile, Nis (OH)SiO5, and the cobalt form of 
chrysotile, Co3(OH)4Si2O5, in the form of tubes and 
flakes, can be produced with surface areas greater than 
125 m./g. and 190 m.?/g., respectively, and preferably 
Within the higher range of limits described. It is found 
that at different pH levels the character of the crystals 
can be controlled so that a given chemical specimen can 
be formed in the shape of rods, thick wall tubes, curls, or 
thin flakes and that surface areas can be controlled dur 
ing the transition, surface area increasing as pH is lowered 
to favor, directionally, the production of rods through 
thick wall tubes, thick wall tubes through thin wall tubes, 
and thin wall tubes through flakes. 
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In general, in the formation of a species of chrysotiles 

at controlled conditions, as pH is lowered the tube walls 
get thinner, and the thin wall tubes generally yield sur 
face areas no greater than about 200 m2/g. to about 250 
m2/g. As pH is further lowered to obtain higher surface 
areas, the thin wall tubes form curls (or mal-formed 
tubes), and then break apart and form higher surface 
area flakes, the walls of which, directionally, also become 
thinner as pH is lowered. Thus, at constant temperature 
and pressure, specimens of definite character are formed 
at a selected pH. The actual transition points vary to some 
extent dependent largely upon the nature of the metal, or 
metals, used in formation of the complex metal silicate. 
The thickness of the walls of the tubes can thus be di 
rectly controlled by the selected pH. Thin wall tubes of 
only a few paired layers, e.g., 4 to 8 in thickness, can be 
formed. Such tubes ranging from about 20 A. to about 70 
A., and preferably from about 28 A. to about 45 A., in 
thickness provide tubes of far greater inside diameter than 
occurs in the corresponding natural products, providing 
far greater adsorption space and accessibility for catalytic 
contact by reactant materials upon catalytic surfaces. For 
example, in sharp contrast to naturally-occurring mag 
nesium chrysotile which exists in a cylindrical or rod-like 
form or in a thick wall tubular form having an inner 
diameter ranging from about 20 A. to 50 A., high surface 
area chrysotile compositions of this invention exist as 
tubes having inner diameters above 50 A., preferably 
from about 60 A. to about 100 A., and higher. The ac 
cessibility and high concentration of large pore openings 
which exist in these materials are quite important in con 
sidering the availability of surface areas for catalytic 
purposes. At surface areas above about 250 m2/g. the 
chrysotile compositions of this invention are usually 
formed as relatively thin flakes. The thin flakes, because 
of their ultra-high surface areas, are the most preferred 
compositions for use in most hydrocarbon conversion re 
actions. 
As suggested, as the pH is further decreased, at the 

Selected conditions, the tubes begin to curl and then break 
apart to form thin flakes of very high surface area. The 
flakes range in thickness from about 15 to about 50 A., 
and preferably from about 20 to about 30 A. 

It is feasible, at these low severity process conditions, 
to Synthesize new and novel complex metal silicates from 
Solutions containing reactive silicates, and reactive forms 
of the desired metal, e.g., soluble salts, or oxides and hy 
droxides. The reactants are combined in alkaline medium 
at moderate temperature and pressure. The complex metal 
silicates are formed is two steps. In a first step, a synthesis 
gel is formed by coprecipitation of the metal oxides or 
hydroxides with hydrous silica gel in alkaline medium. In 
a second step, the gel is heated at from about 200° C. to 
about 350° C., and preferably from about 250° C. to 
about 275 C, so that the chrysotile product is crystallized 
from the Synthesis gel with rejection of excess water and 
Soluble Salts which are removed by filtration and washing. 
At the time of formation of the synthesis gel, the com 
position of the metal hydroxide layer of the crystal is 
fixed by selecting the concentration of metals to vary the 
ratio of M/M, as desired. The structures are useful as 
catalysts, or can be further modified after initial forma 
tion, as desired, by cation exchange, as with amomnia and 
Selected metal cations, or by impregnation with metal 
anions or cations, or both, or by a combination of ion 
eXchange and impregnation. 
The process improvements whereby previously existing 

or naturally-occurring complex metal silicates, as well as 
new and novel forms of complex metal silicates, can be 
made is effected by the use of highly alkaline mediums, of 
critical pH. High alkalinity causes the reaction to proceed 
at substantially milder conditions than heretofore believed 
possible. This favorable effect, which makes it generally 
unnecessary to conduct the reactions at the higher con 
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ventional temperatures and pressures, is not completely 
understood. The highly alkaline medium is employed to 
cause breakage of the silicon oxygen bonds, or depolym 
erization of the SiO2 components, so that the latter become 
more freely migratory within the solution or gel even at 
relatively low temperatures and presures. In any event, it 
is found that alkali concentration can be varied, as desired, 
in the reaction system to provide a variety of complex 
metal silicates, some resembling products heretofore found 
in nature or produced by other synthesis techniques, either 
in their chemical or physical characteristics, or both, and 
many products heretofore unknown as regards either their 
chemical or physical characteristics, or both. 
The nature of the reaction by virtue of which pH can 

be used to control the physical forms of the chrysotiles 
produced is thus not entirely understood, but it would 
appear that the strain produced by the misfit of the un 
equal sized serpentine, SiO5, and the larger metal-hy 
droxyl ion layers is in part responsible for this phenome 
non. Thus, at the selected low severity conditions, the 
strain is greatest on the layers fartherest away from the 
equilibrium diameter. At a given intermediate pH, crys 
tals assume the form of thin wall multilayer structures of 
only a few layers thickness. These crystals are of high 
surface area and posses relatively large internal openings. 
At higher pH, the walls are thick, or the structure is even 
rod-like. At lower pH, the strain between the paired layers 
causes the tube to break apart to form high surface area, 
thin flakes. The use, or substitution, of metal cations of 
different size into the octahedral cation position, which is 
believed to be the primary cation size for substitutions, 
thus further alters the stress-strain relationship between 
the forming crystals. Hence, it would not be expected that 
a single set of parameters could be used to define the 
transition points, or zones, for the crystals of all of the 
different metals which can be substituted at the primary 
cation sites. It is found generally, however, that cations 
which most closely approach in size the effective ionic 
radius of magnesium are most readily substituted, and in 
highest concentration. It also appears that the size of the 
larger metal hydroxide layer of a crystal structure is 
directly related to the size of the cation substituted for 
magnesium and hence the stress-strain relationship altered 
so as to effect the curvature of the structure caused by 
the misfit between the larger metal hydroxide layer and 
the adjacent smaller serpentine layer. Whatever the 
explanation, however, the technique is admirably suitable 
for producing whole new families of high surface area 
crystals, and even families of crystals chemically different 
from those found in nature, or those heretofore syntheti 
cally produced. 

Various alkaline materials can be used in the practice 
of this invention, providing they possess sufficient alkalinity 
to raise the reaction medium to the necessary pH, do not 
react to a significant extent with the forming complex 
metal silicates, with the intermediate materials, precipitate 
the silica, or decompose to gaseous products. Most pre 
ferred of these alkaline materials, for these reasons, are 
the alkali metal and alkaline earth metal hydroxides, 
exemplary of which are group I-A metal hydroxides such 
as sodium hydroxide, potassium hydroxide, cesium hy 
droxide and the like, and Group II-A metal hydroxides 
such as barium hydroxide, strontium hydroxide and the 
like. A satisfactory Group III-A metal hydroxide is thal 
lium hydroxide. Various other materials such as tetra alkyl 
ammonium hydroxides, e.g., tetra methyl ammonium hy 
droxide, can be employed. 

Various sources of silica can be employed in the present 
process, these including essentially any of the conven 
tional, widely used silica sources such as silica per se, 
diatomaceous earths, silica hydrogel, silica hydrosol, 
alkali metal silicates, e.g., sodium silicate, and the like. 
Particularly preferred sources of silicates are silica sol, 
silica gel, and sodium silicate solution (water glass). 
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Virtually any form of compound which is sufficiently 
Soluble and compatible with the reaction mixture, which 
contains the desired metal, can be used as a source of 
the metal. Soluble salts of the metals, or mixtures of such 
salts, e.g., halides, sulfides, sulfates, nitrates, carbonates, 
acetates, phosphates, or the like, can be used to supply 
the desired metal, or metals, in formation of the com 
plex metal silicates. Exemplary of such salts are lithium 
chloride, lithium bromide, cupric chloride, cupric sulfate, 
magnesium chloride, magnesium bromide, magnesium 
sulfate, magnesium sulfide, zinc acetate, zinc chloride, 
Zinc bromide, Scandium bromide, scandium sulfate, 
aluminum chloride, aluminum bromide, aluminum 
acetate, aluminum nitrate, aluminum phosphate, alumi 
num sulfate, gallium nitrate, gallium sulfate, titanium 
bromide, titanium trichloride, titanium tetrachloride, tita 
nium oxydichloride, zirconium dibromide, zirconium sul 
fate, zirconyl bromide, vanadium bromide, vanadium tri 
chloride, vanady sulfate, chromic acetate, chromic chlo 
ride, chromic nitrate, chromic sulfate, molybdenum oxydi 
bromide, tungsten trisulfide, manganous sulfate, ferric 
chloride, ferrous chloride, ferrous sulfate, cobaltous ni 
trate cobaltous sulfate, nickel chloride, nickel bromide, 
palladium chloride, palladium sulfate, platinic tetrachlo 
ride, and the like. Many hydroxides, oxides, or oxygenated 
anions of these various metals can also be employed, and 
these are particularly useful where it is desirable to in 
crease the pH of the solution over and above that practical 
by a relatively weak base. Illustrative of such compounds 
are magnesium hydroxide, magnesium oxide, sodium tung 
state, sodium molybdate, sodium chromate, sodium 
vanadate and the like. Other metal sources can also be 
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chemical type which, though found in nature and here 
tofore synthetically produced, can be nonetheless 
produced in new, different, and unique physical forms. 

EXAMPLES 1-11 
In each of the runs tabulated in Table I, the silica 

Source comprises either colloidal silica sol, 150 A. particle 
size, sold under the Du Pont trade name as “Ludox LS 
30,' or sodium metasilicate. The silica source is added to 
an aqueous Solution of a suitable magnesium source, i.e., 
a magnesium salt, in concentration of 50 parts by weight 
of the salt in 100 parts by weight of water. In order to 
produce the desired pH, to a solution or gel is then added 
various amounts of an alkali metal hydroxide, from a 
Solution made up of 60 parts by weight of the alkali 
metal hydroxide per 100 parts by weight of water, with 
stirring for about 5 minutes at 25° C. and atmospheric 
pressure. Typically, as is demonstrated, the silica and 
magnesium sources are used in quantities sufficient to 
provide a reaction mixture having a MgO/SiO, mole ratio 
ranging from about 1.0 to about 2.0, but preferably of 
about 1.5. The pH of the solution ranges from 10 to 14, 
as determined by the amount of alkali metal hydroxide 
added. 
The resultant mixtures are placed, in separate series 

of runs, in an autoclave heated at 250 C. at pressure 
of 570 p.s. i. After a period of 24 hours, the resultant in 
soluble products obtained in high yield, substantially 
Stoichiometric, are cooled, filtered, washed with ten 
volumes of water to produce low sodium chloride levels, 
and dried at 120° C. in an oven. All specimens are posi 
tively identified by X-ray diffraction data as chrysotile. 

TABLE I.--SYNTHESIS OF CHRYSOTLE 

Reaction mixture compositions 
Surface Physical 

MgOf Na2Of H. Of area, form of 
Example Silica source Mg source SiO2 SiO2 SiO. m.2g. i compositions 

- MgCl2 1.5 2.5 42 72 Tubes, 
MgSO4 1.5 2.5 64 92 Do. 
MgCl2 2 2.5 44 73 Do. 
MgCl2 1.5 1.5 42 249 Do. 
MgCl2 1.5 2.5 65 93 Do. 

LS-30------------ MgCl2 I, 5 2.5 44 29 Do. 
LS-80------------ -- MgCl2 1.5 2.5 44 32 Do. 

- MgCl2 .5 1.5 42 228 Do. 
MgCl2 .5 0 5. 468 Flakes. 
MgCl2 1.5 81.0 51 444 Do. 
MgCl2 1.5 6 1.5 51 467 Do. 

1 Surface area, and all surface areas reported and claimed herein, determined by BET Method: N2 adsorption at its normal boiling point. Shell Development Company, 'Simplified Method for the Rapid Determination of 
Surface Area by Nitrogen Adsorption,' Report No. S-9815R, May 3, 1945. 

2 Colloidal silica sol (150 A.) particle size sold under the trade name "Ludox LS-80,' 
3 Reaction temperature of 275 C. 
4 Reaction at 275° C. for 48 hours. 
5 KOH used as the alkali metal hydroxide. 

employed, e.g., chloroplatinic acid, chloropalladous acid 
and the like. 
The relative amounts of the silica and metal sources 

are most easily determined by the stoichiometry of the 
desired product, though the use of exact stoichiometric 
amounts of these materials in a given reaction mixture is 
unnecessary. Typically, the sources of silica and metal are 
used in quantities sufficient to provide a reaction mix 
ture having a metal, or mixture of metals (calculated as 
the oxide or oxides), relative to the silica (calculated as 
the oxide) in mole ratio ranging from about 1 to about 
2, and preferably from about 1.4 to about 1.6. 
The invention will be more fully understood by refer 

ence to the following data, selected to demonstrate the 
more salient features of the novel process for preparation 
of these complex metal silicates, new and novel composi 
tions, and the process of their use in various hydrocarbon 
conversion reactions. 
A first series of runs are presented to demonstrate the 

manner in which pH can be used to control the produc 
tion of the complex metal silicates. Chrysotile, 

55 

60 

70 

is first selected to illustrate complex metal silicates of 75 

A definite relationship is thus found to exist between 
the pH, or caustic mole ratio, and the surface area of the 
chrysotile produced. These results, graphically shown by 
reference to the attached figure, show that exceptionally 
high chrysotile surface areas are produced when alkali 
metal hydroxide is used in limited quantity to produce a 
reaction mixture having an alkali metal oxide-to-silica 
mole ratio below about 1.75, this corresponding to a pH 
of about 13. 

Referring further to the figure, it is found that long 
tubular shaped crystals with thick walls, openings of rel 
atively small diameter, and low surface area are produced 
at Na2O/SiO2 ratios ranging from about 2.5 to about 2.0. 
The Wall thickness of such crystals thus ranges from 
about 100 to about 50 A., the internal diameter of the 
openings from about 30 to about 60 A., and the surface 
area from about 70 to about 120 m.2/g. At NaO/SiO, 
ratios between about 2.0 and 1.5, thin wall tubes with in 
ternal openings of relatively large diameters and high sur 
face areas are formed. The wall thicknesses of these types 
of tubes thus range from about 50 to about 30 A., the 
internal diameter of the tubes from about 60 to about 
150 A., and the surface area from about 120 to about 
250 m./g. Within the range of NaO/SiO ratios be 
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ginning at about 1.5, the thin wall tubes apparently break 
down to form porous flakes. Thus, at Na2O/SiO2 ratios 
ranging about 1.5 and lower, thin flakes are formed. Such 
flakes range in thickness from about 30 to about 20 A., 
and have surface areas which range from about 250 to 
about 600 m./g., and higher. 

These data show that pH can be controlled to amelio 
rate process conditions, as well as to optimize the quality 
of the products. The process also makes it feasible to pro 
duce complex mixed metal silicates, as demonstrated by 
the following selected data. 

EXAMPLE 12 

A cobalt substituted chrysotile is prepared in the foll 
lowing manner: 50 parts by weight of Ludox LS-30 (de 
scribed above) is added with stirring to a solution con 
taining 9 parts by weight of CoCl2' 6H2O, 68.6 parts by 
weight of MgCl26H2O and 150 parts by weight of water. 
A solution consisting of 30 parts by weight of NaOH and 
50 parts by weight of water is then added to the afore 
described mixture and stirred at 25° C. and atmospheric 
pressure for about 5 minutes. The resulting mixture is 
then placed in an autoclave and heated to 250 C. for 
about 24 hours. The product is then cooled, washed and 
dried using the procedure given with reference to the fore 
going examples. The product recovered, which is in the 
physical form of tubes, is a substituted chrysotile (identi 
fied by X-ray diffraction) having about 10% of the mag 
nesium cations replaced with cobalt cations and having 
a surface area of about 267 m./g. 

EXAMPLES 13-21 
The following series of data, given in Table II, is illus 

trative of additional runs for the preparation of substi 
tuted mixed-metal forms of chrysotiles. All specimens are 
positively identified by X-ray diffraction data as chrysotile. 
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14 
about 250° C. to about 450° C., and preferably from 
about 350° C. to about 425 C., and pressures ranging 
from about 400 to about 3000 p.s. i., and preferably from 
about 500 to about 2500 p.s. i., are used to convert middle 
boiling or high-boiling materials into high octane gaso 
line and jet fuel as well as for producing feedstocks for 
catalytic reforming. Space velocities, LHSV, can range 
from about 0.1 to about 10 but preferably range from 
about 1 to about 3, and hydrogen gas recycle rates are 
generally maintained at from about 3000 to about 12,000 
s.c.f./bbl., and preferably from about 4000 to about 8000 
s.c.f./bbl. 
The catalysts can be used at hydrocracking conditions 

in both sweet (low sulfur) and sour (high sulfur) opera 
tions, or in the presence of both sulfur and nitrogen. Con 
ditions of temperature and feed, i.e., sulfur and nitrogen, 
can be adjusted to maximize yields of gasoline or jet fuel. 
The several types of operation for which the catalysts 

of this invention are useful can be illustrated in the now 
conventional process wherein three reactors are employed 
in series, a first reactor of the series constituting a hydro 
finer, a second reactor of the series constituting a first 
stage hydrocracker, and a third reactor of the series con 
stituting a second stage hydrocracker. In such operation, 
a catalyst is employed in the hydrofiner which is active in 
the presence of both organic sulfur and organic nitrogen 
and the conditions of operation are relatively mild. Crack 
ing is held to a minimum, and both the sulfur and nitro 
gen are converted essentially to hydrogen sulfide and am 
monia, respectively. Neither the hydrogen sulfide nor am 
monia need be removed from the effluent passed from the 
hydrofiner to the first stage hydrocracker and hence the 
latter reactor is operated with sulfur and nitrogen present. 
The second stage hydrocracker of such reactor series can 
be operated sweet, by removal of the hydrogen sulfide 
from the effluent of the first stage hydrocracker, or sour 

TABLE II.-SUBSTITUTED CHRYSOTLES 

Reaction mixture composition 1 

Percent of Mg repaced Metal cation. Mg source 
Example with metal cation SOurce 

13----------------- 20% Ni------------------ NiSO4 MgSO4 
14----------------- 100% Ni (Garnerite).---- NiSO4 ------------- 
15.----------------- 20% Co----------------- CoCl2-6H2O MgCl2 
6----------------- 10%. Co----- ---. CoCl2-6H2O, MgCl2 
17. --- 10% Fe.---- -- FeCl2-6H2O, MgCl2 
8 10%. Mn- MinCl2·4H2O MgCl2 
19 10% Cu. - CuCl2.2H2O MgCl2 
20 10% Cr- CrCl36H2O MgCl2 
21-- -- 10% Zn.-- - ZnCl2 MgCl2 

Molar basis. 
The present low severity process makes it quite feasible 

to produce conventional materials, or entirely new ma 
terials-viz, materials which are different chemically or 
physically, or both-of wide variety suitable as supports 
or catalysts, or both, on a scale heretofore unknown. The 
production of chrysotiles is thus now possible at tempera 
tures significantly below those employed heretofore. For 
example, Nesterchuk et al. (“Zap. Uses Mineralog Obsh 
chestria 95” (1), 75-9 (1966) and Roy et al. (“Ameri 
can Mineralogist 39,' 957, 975 (1954), have reported the 
synthesis of chrysotile at temperatures ranging from about 
350 to 600 C., at conventional hydrothermal conditions 
requiring a pressure ranging from about 13,000 p.s.i. to 
about 23,000 p.s. i. In contrast, production of chrysotile 
at 250° C., as described in the foregoing Example 12, re 
quires pressures of only about 570 p.s. i. (vapor pressure 
of water at 250° C.), and will readily permit the large 
scale manufacture of such chrysotiles. 

Hydrocracking 

These novel catalysts are suitable for use in hydro 
cracking at relatively low temperature and relatively high 
pressure to provide a process of considerable flexibility 
in changing the ratios and character or quality of the 
products. Suitably, temperatures on the order of from 

Reaction 
conditions, Surface Physical 

Total metal Na2O1 HOI hours, at area, form of 
cation/SiO2 SiO SiO2 250° C. M.21g. compositions 

1.5 1, 5 58 16 260 Curls and 
flakes. 

- 1.5 i. 58 24 338 Flakes. 
1.5 2.5 52 24. 122 Tubes. 
1.5 25 63 24 403 Flakes. 
.5 1.5 52 24 398 Do. 
1.5 2.5 52 66 88 Tubes. 
.5 1.5 47 24 31 Flakes. 

1, 5 2.5 52 65 356 DO. 
1.5 2.5 47 24 166 Tubes. 
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if desired, dependent upon the nature of the catalyst em 
ploy. The catalysts of the present invention can be used 
in each type of operation. 
The wide range of products obtainable from this proc 

ess is the result of forming complex metal silicates con 
taining selective hydrogenation components so that, in ef 
fect dual-function catalysts are produced. The cracking 
function is provided by the complex metal silicate and the 
hydrogenation function is provided by a metallic hy 
drogenation component, e.g., Group VI-B, VII-B and 
VIII metals, of the Periodic Table of the Elements, such 
as molybdenum, tungsten, platinum, nickel, cobalt and 
the like. 
The hydrogenation component can be a metal, or mix 

ture of metals, e.g., a Group VI-B, VII-B, or VIII metal, 
impregnated or otherwise deposited onto a chrysotile base 
or the hydrogenation component can be incorporated 
into the chrysotile structure at the time of synthesis, or 
both. For example, preferred Group VIII noble metal 
components, e.g., platinum or palladium, or mixture of 
these and other metals, can be deposited on a magnesium, 
nickel, or other type of chrysotile base, or chrysotile 
base containing a combination of magnesium, nickel, alu 
minum, platinum, palladium, and the like. Illustrative 
of preferred catalysts which are useful in hydrocracking 
reactions are the mixed metal chrysotiles such as, e.g., 
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magnesium-aluminum chrysotile impregnated by palla- C. for sweet hydrocracking (second stage), at about 290 
dium or platinum, or both; magnesium-nickel chryso- C. for sour hydrocracking (second stage) and at about 
tile impregnated by molybdenum or tungsten, or both; 365 C. for sour plus nitrogen hydrocracking (first stage). 
magnesium-tungsten chrysotile impregnated by nickel or The feed employed in the sweet hydrocracking runs is 
cobalt, or both, magnesium-molybdenum chrysotile im- 5 a hydrofined light cat cycle oil containing very little sul 
pregnated by nickel or cobalt, or both; nickel-tungsten fur or nitrogen. A similar type of feed, spiked with sul 
chrysotile; cobalt-molybdenum chrysotile, and the like. fur or both nitrogen and sulfur, is employed in the sour 

Feedstocks which can be hydrocracked contain paraf- hydrocracking runs. In the sour hydrocracking runs sim 
fins, olefins, naphthenes and aromatics. These materials ulating first stage hydrocracking operation, the feed 
are included in virgin or previously processed refinery 10 contains, by weight, 10,000 p.p.m. of Sulfur (thiophene) 
streams boiling above about 200 C., and preferably above and 1000 p.p.m. of nitrogen (n-butylamine), and in the 
about 235 C, e.g., light cat cycle oil boiling between runs simulating sour second stage hydrocracking opera 
about 200-315° C., heavy cat cycle oil boiling between tion, the feed contains 3000 p.p.m. sulfur (thiophene). 
about 315-425 C., light virgin gas oil boiling between For the runs simulating sour hydrocracking operations, 
about 200-315° C., and heavy virgin gas oil boiling be- 15 the catalysts are previously sulfided by passing a light cat 
tween about 315-540° C., and higher. Examples of pre- cycle oil feed containing 3.2 weight percent sulfur over 
viously processed refinery streams include coker stocks, the catalysts for a period of 16 hours at 260° C. 
steam cracked stocks and cat cracker stocks. The results of these tests are tabulated below: 

EXAMPLES 26-37 TABLE VII-RUNS SIMULATING FRST STAGE 
-- 20 HYDROCRACKING 

To demonstrate the use of complex metal silicates as 
catalysts, for these types of hydrocracking operations, Sour: Contains sulfur plus nitrogen 
portions of freshly synthesized chrysotiles, both in the Example number. ... 26 27 
physical form of tubes and flakes are centrifuged and de a- ad Impregnated metal.-- -- Ni---------------- W. 
watered, tray-dried at 180C. with circulating air, posi- 25 ESSSI bas------- -- 10% W, 90% Mg-...- 5% Ni, 95% Mg. 
tively identified by X-ray diffraction data, charged to an Temperature, C------- -- 220---------------- 220 

Surface area, mig------ --- 277------ - 160. 
Iler mill and ground to a very fine powder. The initial Ehysical for 9.SS---- Flakes --- Tubes. 
physical form of the complex metal silicates, i.e., as tubes cylin to 220 C. products, 31------ --- 33. 
or flakes, is, of course, unaffected by milling. 

TABLE VII-RUNS SIMULATING SECOND STAGE YORO CRACKING 
Sweet Sour 

Example Number------- 28 29 30 31 32 33 34 35 36 37 

Impregnated meta-...--- 0.5% Pd.-- 0.5% Pd.- 0.5% Pd.----------------- 0.3% Pt.---- 0.5% Pd.-- W--------- Ni--------- W---------- W. 
Chrysotile base.-----...-- 100% Mg. 8%. Al, 100% Ni ... 0.3%, Pt, 0.3% Pt. 20% A, 100% Ni--- 10%W 5% Ni, 100%. Ni. 

92% Mg. 99.7% Mg. 99.7% Mg. 80% Mg. 90% Mg. 95% Mg. 
Temperature, C------- 375-------- 875--------- 875-------- 400---------- 400---------- 400--------- 875-------- 875--------- 875--------- 375. 
Surface area, m.9/g.----- 157-------- 87---------- 86----------281---------- 28i---------- 392--------- 86--------- 277--------- 160--------- 359. 
Physical form of base--- Tubes----- Tubes------ Tubes----- Flakes------ Flakes------ Flakes----. Tubes----- Flakes----- TubeS------ Flakes. 
Conversion to 220 C. 
products, percent. 28--------- 83---------- 16--------- 87----------- 30----------- 35---------- 26--------- 47---------- 38---------- 26. 

The portions of powder are then exchanged with am- Mid-distillate hydrocracking 
monium nitrate by admixing with a 10 weight E; For mid-distillate hydrocracking a virgin or cracked 
E, solution of gy. nitratef tied Stock, e.g., cat cracker stock, Steam cracker stock or coker of which is lowered to 3.5 by addition of acetic acid. Con- oil, boiling above about 340 C. and ranging to about 
tact between the solution and the powder is maintained 45 540 C., and higher, containing both organic sulfur and 
for a period of 2 hours, after which time the powder organic nitrogen can be employed. Vacuum or atmos 
is dewatered by centrifugation and washed. This exchange pheric gas oils containing from about 1 to about 4 weight 
procedure is twice repeated. percent Sulfur, and to about 2000 p.p.m. of nitrogen, can 
The portions of thrice exchanged material are then thus be processed to produce high concentrations of 

used per se, or inpregnated With a small concentration 50 middle distiliates, relative to lowerboiling cracked prod 
of metal, or metals, as hereinafter defined. Impregnation lucts 
is accomplished by dissolving sufficient of a metal salt, The conditions employed for mid-distillate hydro 
or salts, e.g. palladium or platinum chloride, in aque: cracking are within the ranges described for hydrocrack 
ous hydrochloric acid or ammonia to provide the desired ing, but temperatures are generally a little higher than 
metal concentration and then the portions of exchanged 55 required for more conventional hydrocracking. This is 
material are contacted with the solution and treated at because the catalysts employed for mid-distillate hydro 
a state of incipient yetness. The portions are then dried cracking have lower acidity than conventional hydro 
for 16 hours at 50 C. and then mixed with sufficient of cracking catalysts. Typically, temperatures in mid-distillate 
an organic binder (Sterotex) to form a 2 percent by hydrocracking ranges from about 370-450° C. 
weight mixture of Sterotex and powder. The mixture is 60 The chrysotile catalyst is prepared so that it is of 
then pilled, crushed to particles of 14-35 mesh size (Tyler intermediate acidity ranging from about 0.2 to about 
series), and then calcined at 540° C. to burn out the 0.9, and preferably from about 0.2 to about 0.5 as 
binder. Upon cooling, portions of the catalyst are charged measured by pyridine adsorption. Pursuant to this tech 
to reactors and runs conducted in Sweet and sour hy- nique, the acidity is measured by placing the catalyst on 
d'Oracking operations the so hydrocracking op. 65 allicobalance ind heating under Vaca 426 for 
erations, runs are made with and without added nitrogen. one hour. The temperature is then lowered to 260 C 

After loading a reactor with catalyst, it is purged with and the catalyst then subjected to a pressure of two milli 
its and the PSssured to 1500 psi, with hydrogen meters of pyridine. Under these conditions the catalyst 

at 37 5. felt ter The Epite is then low- takes up pyridine until equilibrium is reached. The amount 
eel O 's iced is cut it and temperature is then 70 of pyridine absorbed at these conditions measured in milli. 
raised to obtain conversion of the feed to C5. 220°C. moles per gram of catalyst is taken at the measure of the gasoline. In the runs, the space velocity, LHSV, is main- acidity of the catalyst. 
tained at about 1, pressure is maintained at about 1500 The chrysotile catalyst can be used in the form of 
p.s. i. and the hydrogen gas recycle rate at about 7000- tubes or flakes, but tubular forms of chrysotile are gen 
8000 s.c.f./bbl. Temperature is maintained at about 260° 7 erally preferred. Preferred forms are magnesium chryso 
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tile and nickel chrysotile. Nickel chrysotile is of par 
ticularly high activity and selectivity in conversion of hy 
drocarbon feeds to mid-distillate liquid products, with 
high ratios of middle distillates to lower boiling products. 
Magnesium chrysotile with 10-35 mole percent of the 
magnesium substituted by aluminum is also preferred. 
The catalysts are generally formed with the desired 

concentrations of metals, e.g., nickel, magnesium and 
aluminum, at the time of synthesis. Additional hydro 
genation components are often added to the catalyst com 
posite. Thus, it is often desirable to add another metal, 
or metals (or metal compounds), to the composite, e.g., 
by impregnation. Groups VI-B, VII-B and VIII metals, 
particularly cobalt and molybdenum, and mixtures there 
of, have been found particularly useful in mid-distillate 
hydrocracking. 

EXAMPLE 38 
To demonstrate mid-distillate hydrocracking with cat 

alysts of this type, a selected species of chrysotile is 
synthesized as identified hereafter, a portion thereof de 
watered by centrifugation, dried at 180° C. in circulating 
air, identified by X-ray diffraction, ground to a fine powder 
and then impregnated by the above-described incipient 
wetness technique with a solution of ammonium molyb 
date. Sufficient solution is used to provide 12.5 weight 
percent of the salt, calculated as molybdenum oxide, in 
the powder. The portion of impregnated catalyst is dried 
for 16 hours at 50° C., then mixed with sufficient of an 
aqueous solution of Sterotex binder to leave a residual of 
2 weight percent of the Sterotex binder in the catalyst. 
The portion of catalyst is then crushed and pilled to 
14-35 mesh (Tyler series), and then calcined at 540 C. 
to burn out the Sterotex binder. 
A portion of the catalyst, upon cooling, is then charged 

to a reactor, the reactor is sealed, and pressured with 
hydrogen to 1500 p.s. i. Safanaya virgin gas oil, containing 
about 2.5 weight percent sulfur and 500 p.p.m. of nitro 
gen, and having a boiling range 340 C-540° C., and 
higher, is then cut into the reactor. To sulfide the catalyst, 
the reactor is initially maintained at a temperature of 
335° C. and after four days the catalyst is sulfided. The 
temperature is then increased to 420° C. and a mid-dis 
tillate hydrocracking run conducted. In the run, the space 
velocity, LHSV, is maintained at about 1, hydrogen pres 
sure at 1500 p.s. i., and hydrogen gas recycle rate of 2000 
3000 s.c.f./mbl. 
The results of this run are given in the table below: 

TABLE X 
Example No. 38 

Impregnated metal --------------------- Mo. 
Chrysotile base ------------------------ 100%. Ni. 
Surface area, m/g. -------------------- 86. 
Physical form of base ------------------- Tubes, 
Conversion to 340 C. products, percent --- 40. 
Vol. percent 160-340 C./ 
Vol. percent C5-160 C. ---------------- >8. 

Cracking 
The complex metal silicates can also be utilized as 

catalysts in cracking processes, or processes wherein de 
composition of hydrocarbon is accomplished by contact 
ing suitable hydrocarbon feeds with a catalyst at ele 
vated temperatures. The purpose of cracking is generally 
to produce gasoline or heating oils from higher boiling 
hydrocarbon fractions, though specific gaseous hydro 
carbons such as ethylene, propylene, butylene, isobutylene, 
or the like, can be recovered, if desired. Suitable feed 
stocks for cracking are those boiling above about 260 
C., this including virgin or treated stocks and atmos 
pheric or vacuum gas oils boiling up to about 600 C. 
At times, gasoline boiling range materials, or residuum 
boiling above 600 C., are cracked. 
When using these novel catalysts, catalytic cracking 
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18 
is carried out at substantially atmospheric pressure or at 
somewhat elevated pressure, e.g. up to about 50 p.s.i. 
and at temperatures ranging from about 400 to about 
650° C., and preferably from about 475 C. to about 
550° C., usually in fluid or moving catalyst beds. In once 
through operation, about 30-60% conversion is usually 
obtained, and generally some of the unconverted material 
boiling above about 220 C. is recycled to increase 
gasoline yield. 

Illustrative of preferred catalysts useful in catalytic 
cracking reactions are, e.g., magnesium chrysotile and 
mixed metal modifications such as magnesium-aluminum 
chrysotile. To illustrate the use of complex metal silicates 
generally for use in a catalytic cracking process, the fol 
lowing selected data are given. 

EXAMPLE 39 

To demonstrate the advantages of such composite cat 
alysts, a portion of the basic crysotile material (20 mole 
percent Al, 80 mole percent Mg flakes), as synthesized, 
is dewatered by centrifugation, dried at 180° C. in air, 
identified by X-ray diffraction, and then mixed or co 
gelled, in Weight proportions, with an amorphous catalyst 
(13% alumina and 87% silica) sufficient to provide 15% 
of the crysotile in the finished catalyst. Such gel is then 
spray dried to form 40-60 micron spherical particles. 
A portion of the catalyst is charged to a fluid bed 

reactor. Steam is introduced for two minutes to strip the 
catalyst and purge the reactor of air. A vaporized feed 
of east Texas light gas oil, boiling between 340-455° C, 
is then passed over the catalyst for two minutes at a 
reactor temperature of 510'. C. The feed is introduced at 
Sufficient space velocity to obtain 60 percent conversion. 
The higher boiling products of the reaction are condensed 
and collected while the uncondensed light gas is directly 
measured and analyzed by Mass Spectrometry. The con 
densed products are measured by Gas Chromatography. 
A sample of the catalyst is removed to measure the carbon 
Content. 

Standard commercially used silica-alumina and zeolite 
cracking catalysts are run under identical conditions, and 
the results of these runs compared as tabulated below: 

TABLE X 
T-Ham-e--- 

Catalyst 
20 Silica- aluit. 

alumina Zeolite flakes 
Whilw----------------------------- ... 6 17. 10.2 
Conversion, percent---------------- 60 60 60 
Yield, wt. percent: 

Coke--------------------------- 4. 0.5 2.8 
Cs------------------------------ 1.5 5.3 9.6 
C4------------------------------ 12.2 8. 1,8 
C5-220 C----------------------- 31.7 46, 2 35.8 

15% chrysotile=85% silica-alumina. 

As shown by the space velocity data, the crysotile cat 
alyst is intermediate in activity between commercial silica 
alumina and zeolite catalyst types. They form slightly 
less coke and less naphtha than silica-alumina catalyst, 
but approximately the same C and C. yields. 
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Aluminum substituted forms of crysotile have been 
found particularly active for cracking reactions, partic 
ularly where aluminum is substituted for magnesium, 
nickel, cobalt and other metals, in molar concentrations 
ranging from about 10% to about 30%, preferably from 
about 20% to about 30%. 

EXAMPLE 40 

A run is made, similar in all respects to that made 
pursuant to Example 39, except that essentially pure mag 
nesium chrysotile in flake form with surface area of 410 
m./g. is incorporated within the silica alumina matrix. 
This catalyst is also quite active for cracking reactions. 

EXAMPLES 41-44 

The following illustrative data demonstrate the efficacy 
of a magnesium chrysotile catalyst wherein certain molar 
concentrations of the magnesium have been substituted 
or replaced by aluminum in the basic chrysotile structure. 
On the one hand, as will be observed from the following 
data, a 10% or 35% replacement of the magnesium has 
little effect on the cracking activity of the catalyst, and a 
50% replacement of the magnesium by aluminum has 
virtually no effect. On the other hand, a 20% substitution 
of the magnesium metal by aluminum metal produces con 
siderable activity. 

In preparation of the catalysts, aluminum chloride hexa 
hydrate and magnesium chloride hexahydrate, in varying 
concentrations, are dissolved in water to provide the de 
sired concentration of aluminum metal relative to the con 
centration of magnesium. Ludox (or silica sol), and then 
sodium hydroxide, is then added to the mixtures to gel the 
silica and precipitate the magnesium, alumina and silica. 
Crystallization is then accomplished by heating at 250 C. 
for 24 hours. The several portions of catalyst are then 
dewatered by centrifugation, dried at 180 C., identified 
by X-ray diffraction, powdered, pressed on a hydraulic 
ram, the compacted forms of catalyst then crushed to 14 
35 mesh (Tyler series), and then calcined at 540 C. for 
16 hours. 
The portions of catalyst are then charged to reactors, 

and the temperature adjusted to 280 C. A stream of 
helium is then passed through a saturator filled with cul 
mene at 18 C. and then passed at 0.3 w./w./hr. into the 
reactor and contacted with the catalyst. The effluent from 
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the reactor is then analyzed by Gas Chromatography to 
determine the amount of conversion of the cumene to 
benzene and propylene. 
The results are tabulated below: 

TABLE XI 

Catalyst: 1 
All substitution, mole percent.------ 10 20 35 50 
SA, m°lg--------------------------- 360 892 ---------------- 

Culnene conv., percent ---------------- 0 31 0. O 
K (hr.).----------------------------- 0.034 0.11 0, 0004 0. 

i All catalysts are flakes. 
2 First order rate constant for cumene cracking reaction. 
3 W./hr.fw. = -0.3, Temp. =280° C. 
Having described the invention, what is claimed is: 
1. As a composition of matter, crysotile within the struc 

ture of which is contained from about 10 mole percent 
to about 30 mole percent aluminum and from about 90 
mole percent to about 70 mole percent magnesium, and 
the composition is in the physical form of flakes. 

2. The composition of claim 1 wherein the surface area 
of the flakes ranges from about 250 m./g. to about 500 
m./g., and higher. 

3. The composition of claim 1 wherein the aluminum 
Substituted chrysotile is incorporated within a matrix ma 
terial having sufficient Bronsted acidity to improve the 
total cracking activity of the composite. 

4. The composition of claim 3 wherein the matrix ma 
terial is silica-alumina. 
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