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[57] ABSTRACT 

The ole?nic components of hydrocarbon streams con» 
taining both ole?ns and aromatics can be selectively 
hydrogenated using a catalyst comprising ( l ) an amor~ 
phous base component, (2) a crystalline aluminosil 
icate component preferably comprising 10 to 30 wt.‘7( 
of the total catalyst and having a silica/alumina mole 
ratio of at least 2.5 and an alkali metal content of less 
than about 2.0 wt.% and (3) a transition metal hydro 
genation component. 

10 Claims, No Drawings 
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PROCESS FOR THE SELECTIVE 
HYDROGENATION OF OLEFTNS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to hydrocarbon conversion 
processes. More particularly, this invention relates to 
processes for the selective hydrogenation of olefinic 
compounds in hydrocarbon streams containing both 
olefinic and aromatic compounds. 

DESCRIPTION OF THE PRIOR ART 

Mixtures of hydrocarbons resulting from various hy~ 
drocarbon conversion processes often contain unsatu 
rated compounds (primarily monoolefins and diole 
?ns) and various aromatics compounds. It is desirable 
for many purposes to convert the olefinic compounds 
to saturated compounds by hydrogenation. At the same 
time, however, it is not usually desired to hydrogenate 
the aromatic compounds. For example, in the produc 
tion of gasoline, it is necessary to hydrogenate the ole 
finic constituents in order to assure stability. However, 
hydrogenation of the aromatic components would be 
detrimental in that the octane value of the gasoline 
would be lowered. Also, it is desired for some purposes, 
for example the manufacture of lead-free gasoline, to 
extract aromatics from catalytically cracked naphthas 
and cycle oils. Most polar solvents and adsorbents 
would remove olefins along with the aromatics. Since 
olefins are not desirable in low emissions gasoline, it 
would be advantageous to saturate the olefins prior to 
the extraction step. For this purpose, one would require 
a saturation process which would hydrogenate only the 
olefins and not the aromatics. 
Various processes have been proposed to achieve the 

selective hydrogenation of olefins. These involve, typi 
cally, multi-step operations such as that illustrated in 
U.S. Pat. No. 3,580,837. As such, they are not econom 
ically attractive. 

SUMMARY OF THE INVENTION 

It is therefore the principal object of this invention to 
provide a single step process for selectively hydroge 
nating olefinic compounds in hydrocarbon streams 
containing both olefins and aromatics while, at the 
same time, not hydrogenating the aromatic com 
pounds. 
According to this invention, olefinic compounds 

present in mixed hydrocarbon streams containing ole 
fins and aromatics are selectively hydrogenated in a 
single step process using a catalyst comprising (1) an 
amorphous base component, (2) a crystalline alumino 
silicate component preferably comprising 10 to 30 
wt.% of the total catalyst and having a silica/alumina 
mole ratio of at least 2.5 and an alkali metal content of 
less than about 2.0 wt.% (as alkali oxide) and (3) a 
transition metal hydrogenation component selected 
from the oxides and sulfides of Group VI-B and/or VIII 
metals of the Periodic Table. 
Feedstocks usable in the practice of this invention 

can be any mixed hydrocarbon stream containing both 
olefins and aromatic compounds. By “ole?ns” is meant 
compounds having a single ethylenic double bond 
(monoolefins) as well as those containing multiple eth 
ylenic double bonds (diolefins, etc.) and including con 
jugated diole?ns. Specific feedstocks include steam 
cracked naphthas, catalytically cracked naphthas, 
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2 
cycle oils, raw mineral oils, various hydrocarbon distil 
lates, etc. The present invention is vapplicable to fin 
ished products where it is desired to selectively hydro 
genate olefinic compounds as well as to hydrocarbon 
streams intended for further conversion processes. 
The process of this invention can be effected at reac 

tion conditions hereinafter set forth and in contact with 
the catalyst herein described in any conventional or 
otherwise convenient manner. For example, the hydro 
carbon stream to be treated can be charged to a high 
pressure vessel utilized as a hydrotreater. The hydro 
carbon stream can be. commingled with hydrogen prior 
to its being charged to the hydrotreater or the hydro 
carbon stream and the hydrogen can be charged 
thereto in individual and separate streams. Preferably, 
the catalyst is disposed in one or more ?xed beds within 
a reaction zone of the hydrotreater and the hydrocar 
bon stream and hydrogen being charged up—f|ow or 
down-?ow in contact therewith. The hydrotreater ef 
?uent is preferably cooled and then passed to a high 
pressure separator where it is separated into a normally 
liquid hydrotreated product and a normally gaseous 
stream. The gaseous stream, which comprises princi‘ 
pally hydrogen, is suitably recycled to the hydrotreater; 
although, if desired, it may be vented for the purpose 
of maintaining hydrogen purity. In addition, either this 
gaseous stream or cooled liquid product or both can be 
recycled to the reaction zone to remove the exothermic 
heat of reaction and thereby maintain the desired oper 
ating temperatures. 
The operative and preferred hydrogenation condi 

tions in the process of this invention are as follows: 

Preferred Operative 
Conditions Conditions 

Reactor Temperature, "F [50-600 
Inlet 200/280 300-700 
Outlet 450/650 

Pressure, psig. 400 1004000 
Feed Rate, V/V/hr 0.5/l.0 greater than 0.25 
Treat'Gas 
Rate, SCF/B >1000 > 500 
Hydrogen Content,% > 70 > 50 

Contact time of the catalyst, hydrocarbon feedstock 
and hydrogen can vary widely, being dependent in part 
upon the temperature and space velocities employed. 
In general, contact time may range from 15 minutes to 
about 8 hours, preferably from about I hour to 2 hours. 
The choice of inlet temperatures is based on eco 

nomic and safety considerations and is dictated by re 
actor design rather than by catalyst limitations. High 
inlet temperatures will result in rapid temperature in 
creases due to the exothermic nature of the hydrogena 
tion reaction and large quantities of a cold quenching 
medium will be required to prevent excessively high 
temperatures. On the other hand, ultra low tempera 
tures will not initiate the reaction. The inlet tempera 
tures should be as low as possible, but suitable to initi 
ate the reaction. As the catalyst deactivates with use, 
the inlet temperatures can be raised as required to initi 
ate the reaction. The exothermic nature of the reaction 
will then cause the temperature of the reacting mixture 
to rise to the desired levels. 
A further reason for maintaining low inlet tempera‘ 

tures is to minimize polymerization of highly unsatu 
rated compounds which may be present in the feed. 
These polymerized compounds could be deposited 
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within the catalyst pore structure and thereby deacti 
vate the catalyst, or could be deposited within the inter 
stices between the catalyst particles and thereby plug 
the catalyst beds. The severity of these problems will 
depend on the degree of unsaturation of the feed. 
Reactor outlet temperatures should be maintained 

below 700°F to prevent excessive hydrogenation of the 
aromatics. With highly active fresh catalyst, hydroge 
nation of aromatics will occur at 650°F with a long resi 
dence time of the reaction mixture within the catalyst 
zone. Therefore, the residence time should be mini 
mized at temperatures above 450°F with relatively 
fresh catalyst if total saturation of the olefins is desired. 
With highly unsaturated feeds, i.e., greater than 50 

Bromine Number, and/or containing large amounts of 
sulfur, i.e., greater than 400 wppm, the process condi 
tions employed to prevent aromatics saturation may 
not be suf?cient to prevent formation of mercaptan 
within the reaction zone. In these instances, it may be 
desirable to include a bed of conventional hydrodesul 
furization catalyst at the outlet of the reactor. This bed 
would operate at reactor outlet or higher temperatures, 
and at space velocities greater than about 2 V/V/Hr. ln 
addition, it may be desirable to introduce a stream of 
hot recycle gas to this last catalyst bed to further in~ 
crease temperature for any required desulfurization. 
Using the catalysts described herein under preferred 

conditions, the following product quality improve 
ments can be expected upon hydrogenating an olefinic 
naphtha derived from steam cracking a vacuum gas oil. 

Feed Product 

Bromine No., eg/gm 80 1.5 
Dicue No. 20 0 
Sulfur, wppm 1510 7 
Gum Tests, mg/l00 ml 

Existent 85* < 1 
Copper Beaker 170* < 4 

Clear Octane Numbers 
RON 100.5 99 

MON 86.5 86.5 
Benzene Content, wt% 32 30 

‘Inhibited with Tenamene- 2 using 1 lb. of inhibitor per 5000 gal. of feed. 

With olefinic naphthas derived from steam cracking 
light feeds, such as virgin naphthas, the totally hydroge 
nated C5/375°F product (1.0 Bromine Number) can 
still contain 79 wt.% total aromatics (34 wt.% ben 
zene). 

In many situations, the degree of olefin saturation 
cited in the aforementioned examples may not be nec 
essary. Within the scope of the present invention, naph 
thas having satisfactory stability as gasoline compo 
nents can be produced without total saturation of the 
olefins. For example, a naphtha containing 100 Bro 
mine Number could be partially saturated to 66 Bro 
mine Number. Existent gum should be reduced from 
1000 to about 5 mg/100 ml and copper beaker gum 
from 620 to about 10 mg/100 ml. This partially hydro 
genated naphtha could still be suitable for use in gaso 
line. 

Critical to the practice of this invention is the nature 
of the catalyst, which will now be more fully described. 
The catalyst used in the process of this invention 

comprises a mixture of (1 ) an amorphous component, 
(2) 5 to 70 wt.% (based on total catalyst) of a crystal 
line aluminosilicate component and (3) a hydrogena 
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4 
tion component. Catalysts of this type are exemplified 
and described more completely in US. Pat. Nos. 
3,547,807 and 3,304,254, the disclosures of which are 
incorporated herein by reference. 

Preferably, the catalyst comprises a mixture of ( 1 ) a 
major component, i.e. greater than 50 wt.%, compris 
ing an amorphous support upon which is deposited one 
or more transitional metal hydrogenation components, 
preferably selected from Groups Vl-B and V111 metals 
of the Periodic Table and/or the oxides and/or sulfides 
thereof and (2) a minor component comprising a crys 
talline aluminosilicate zeolite having a silica/alumina 
mole ratio greater than about 2.5 and an alkali metal 
content of less than 2.0 wt.% (as alkali metal oxide) 
based on the ?nal aluminosilicate composition, and 
containing deposited thereon or exchanged therewith 
one or more transitional metal hydrogenation compo 
nents preferably selected from Groups Vl-B and V111 
metals of the Periodic Table and/or the oxides and/or 
sul?des thereof. 
The amorphous component (support) of the catalyst 

can be one or more of a large number of non-crystalline 
materials having high porosity. The support is desirably 
inorganic; however, it may be an organic composition. 
Representative materials that can be employed include 
metals and metal alloys; sintered glass; firebrick; diato 
maceous earth; inorganic refractory oxides; organic 
resins, such as polyesters, phenolics and the like; metal 
phosphates such as boron phosphate, calcium phos 
phate and zirconium phosphate; metal sul?des such as 
iron sulfide and nickel sul?de; inorganic oxide gels and 
the like. Preferred inorganic oxide support materials 
include one or more oxides of metals selected from 
Groups ll-A, lll-A and IV of the Periodic Table. Non 
limiting examples of such oxides include aluminum ox 
ide, titania, zirconia, magnesium oxide, silicon oxide, 
titanium oxide, silica-stabilized alumina and the like. 

Suitable hydrogenation components that can be 
added to the support are the transitional metals and/or 
the oxides and/0r sul?des thereof. The metals are pref 
er‘ably selected from Groups Vl-B and V111 of the Peri 
odic Table and are exemplified by chromium, molybde 
num, tungsten, cobalt, nickel, palladium, iron, rho 
dium, and the like. The metals, metal oxides or sulfides 
may be added alone or in combination to the support. 
The preferred hydrogenation components are nickel, 
tungsten and molybdenum metals and the oxides and 
/or sul?des thereof. In use, the hydrogenation compo 
nents probably exist in a mixed metal/metal oxide or 
metal/metal oxide/metal sul?de form. The hydrogena 
tion components are added to the support in minor pro— 
portions ranging from about 1 to 25% by weight based 
on the total amorphous component of the catalyst. 

Preferably, the catalyst composition comprises a 
silica/alumina support containing molybdenum trioxide 
and nickel oxide hydrogenation components. The 
silica/alumina weight ratio in the amorphous support 
can range from 20:1 to 1:20 and preferably from 1:4 to 
1:6. The molybdenum trioxide/nickel oxide weight 
ratio in the amorphous support can range from about 
1:25 to 25:1 and preferably from 10:1 to 4:1. Finally, 
the weight ratio of the support to the hydrogenation 
component can range from about 20:1 to 1:20 and 
preferably from 4:1 to 8: 1. A particularly preferred cat 
alyst composition comprises: 
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The catalyst is preferably presul?ded by conventional 
methods such as by treatment with hydrogen sul?de or 
carbon disulfide prior to use. The precise chemical 
identity of the hydrogenation constituents present on 
the support during the course of the hydrogenation op 
eration is not known. However, the hydrogenation 
components probably exist in a mixed elemental me 
tal/metal oxide/metal sulfide form. 
The amorphous component of the catalyst can be 

prepared in any suitable manner. Thus, for example, if 
silica-alumina is employed, the silica and alumina may 
be mechanically admixed or, alternatively, chemically 
composited with the metal oxides such as by cogela 
tion. Either the silica or alumina may, prior to admix 
ture with the other, have deposited thereon one or 
more of the metal oxides. Alternatively} the silica and 
alumina may ?rst be admixed and then impregnated 
with the metal oxides. 
The crystalline aluminosilicate (sieve component) 

employed in the preparation of the crystalline compo 
nent of the catalyst comprises one or more natural or 
synthetic zeolites. Representative examples of particu 
larly preferred zeolites are zeolite X, zeolite Y, zeolite 
L, faujasite and mordenite. Synthetic zeolites have 
been generally described in US. Pat. Nos. 2,882,244, 
3,130,007 and 3,216,789, the disclosures of which are 
incorporated herein by reference. 
The silica/alumina mole ratio of useful aluminosil 

icates is greater than 2.5 and preferably ranges from 
about 2.5 to 10. Most preferably this ratio ranges be 
tween about 3 and 6. These materials are essentially the 
dehydrated forms of crystalline hydrous siliceous zeo 
lites containing varying quantities of alkali metal and 
aluminum with or without other metals. The alkali 
metal atoms, silicon, aluminum and oxygen in the zeo 
lites are arranged in the form of an aluminosilicate salt 
in a definite and consistent crystalline structure. The 
structure contains a large number of small cavities, in 
terconnected by a number of still smaller holes or chan 
nels. These cavities and channels are uniform in size. 
The pore diameter size of the crystalline aluminosil 
icate can range from 5 to 15A and preferably from 5 
to lOA. 
The aluminosilicate component may comprise a sieve 

of one specific pore diameter size or, alternatively, mix 
tures of sieves of varying pore diameter size. Thus, for 
example, mixtures of 5A and 13A sieves may be em 
ployed as the aluminosilicate component. Synthetic ze 
olites such as type-Y faujasites are preferred and are 
prepared by well-known methods such as those de 
scribed in US, Pat. No. 3,130,007. 
The aluminosilicate can be in the hydrogen form, in 

the polyvalent metal form, or in the mixed hydrogen’ 
polyvalent metal form. The polyvalent metal or hydro 
gen form of the aluminosilicate component can be pre 
pared by any of the well-known methods described in 
the literature. Representative of such methods is ion— 
exchange of the alkali metal cations contained in the 
aluminosilicate with ammonium ions or other easily de 
composable cations such as methyl-substituted quater 
nary ammonium ions. The exchanged aluminosilicate is 
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6 
then heated at elevated temperatures of about 
300°-600°C. to drive off ammonia, thereby producing 
the hydrogen form of the material. The degree of 
polyvalent-metal or hydrogen exchange should be at 
least about 20%, and preferably at least about 40% of 
the maximum theoretically possible. In any event. the 
crystalline aluminosilicate composition should contain 
less than about 6.0 wt.% of the alkali metal oxide based 
on the final aluminosilicate composition and, prefera 
bly, less than 2.0 wt.%, i.e. about 0.1 wt.% to-0.5 wt.% 
or less. 
The resulting hydrogen aluminosilicate can be em 

ployed as such, or can be subjected to a steam treat 
ment at elevated temperatures, i.e. 427° to 704°C. for 
example, to effect stabilization thereof against hydro 
thermal degradation. The steam treatment, in many 
cases, also appears to effect a desirable alteration in 
crystal structures resulting in improved selectivity. 
The mixed hydrogen~polyvalent metal forms of the 

aluminosilicates are also contemplated. In one embodi 
ment the metal form of the aluminosilicate is ion 
exchanged with ammonium cations and then partially 
back-exchanged with solutions of the desired metal 
salts until the desired degree of exchange is achieved. 
The remaining ammonium ions are decomposed later 
to hydrogen ions during thermal activation. Here again, 
it is preferred that at least about 40% of the monova 
lent metal cations are replaced with hydrogen and poly 
valent metal ions. 

Suitably, the exchanged polyvalent metals are transi 
tion metals and are preferably selected from Groups 
VI-B and VII] of the Periodic Table. Preferred metals 
include nickel, molybdenum, tungsten and the like. 
The most preferred metal is nickel. The amount of 
nickel (or other metal) present in the aluminosilicate 
(as ion-exchanged metal) can range from about 0.1 to 
20% by weight based on the ?nal aluminosilicate com— 
position. 

In addition to the ion-exchanged polyvalent metals, 
the aluminosilicate may contain as non-exchanged con 
stituents one or more hydrogenation components com 
prising the transitional metals, preferably selected from 
Groups Vl-B and VIII of the Periodic Table and their 
oxides and sul?des. Such hydrogenation components 
may be combined with the aluminosilicate by any 
method which gives a suitably intimate admixture, such 
as by impregnation. Examples of suitable hydrogena 
tion metals, for use herein, include nickel, tungsten, 
molybdenum, platinum, and the like, and/or the oxides 
and/or sul?des thereof. Mixtures of any two or more of 
such components may also be employed. Particularly 
preferred metals are tungsten and nickel. Most prefera 
bly, the metals are used in the form of their oxides. The 
total amount of hydrogenation components present in 
the ?nal aluminosilicate composition can range from 
about 1 to 50 wt.%, preferably from 10 to 25 wt.% 
based on the ?nal aluminosilicate composition. The 
?nal weight % composition of the crystalline compo 
nent of the total catalyst will range from about 10 to 70 
wt.% and preferably from about 10 to 30 wt.%, eg 20 
wt.% based on total catalyst. 
The amorphous component and the crystalline alu 

minosilicate component of the catalyst may be brought 
together by any suitable method, such as by mechanical 
mixing of the particles thereby producing a particle 
form composite that is subsequently dried and cal 
cined. The catalyst may also be prepared by extrusion 
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of wet plastic mixtures of the powdered components 
followed by drying and calcination. Preferably, the 
complete catalyst is prepared by mixing the metal- . 
exchanged zeolite component with alumina or ‘silica 
stabilized alumina and extruding the mixture to form 
catalyst pellets. The pellets are thereafter impregnated 
with an aqueous solution of nickel and molybdenum or 
tungsten materials to form the final catalyst. 
Other modi?cations of the present invention will 

occur to those skilled in the art upon a reading of the 
present disclosure. These are intended to be included 
within the scope of this invention. 
What is claimed is: 
l. A process for selectively hydrogenating ole?ns in 

a hydrocarbon stream containing both ole?ns and aro 
matic compounds, which comprises contacting the hy 
drocarbon stream with hydrogen under hydrogenation 
conditions in the presence of a catalyst comprising a 
mixture of ( 1) an inorganic non-crystalline base com 
ponent, (2) a crystalline aluminosilicate component 
comprising from 10 to 70 wt.% of the total catalyst and 
having a silica/alumina mole ratio of at least 2.5 and an 
alkali metal content of less than about 2.0 wt.% (as al~ 
kali oxide), based on the total aluminosilicate compo 
nent, and (3) a transitional metal hydrogenation com 
ponent. 

2. The process of claim 1 wherein hydrogenation is 
effected at a temperature ranging from about 150° to 
about 700°F, a pressure ranging from about 100 to 
about 1000 psig., a hydrogen feed rate of greater than 
about 500 SCF/B and a contact time ranging from 
about 15 minutes to about 8 hours. 

3. The process of claim 1 wherein the crystalline alu 
minosilicate component of the catalyst comprises from 
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8 
10 to 30 wt.% of the total catalyst. 
4. The process according to claim 3 in which the in 

organic non-crystalline base component of the catalyst 
comprises alumina. 

5. The process according to claim 4 in which the 
amorphous base component of the catalyst is silica~ 
stabilized alumina in which the ratio of silica to alumina 
is from 1:4 to 1:6. 

6. The process according to claim 4 in which the 
amorphous base component of the catalyst is silica 
stabilized magnesia in which the ratio of silica to mag 
nesia is from 1:4 to 1:6. 

7. The process according to claim 1 in which the 
transitional metal hydrogenation component is a Group 
Vl-B or Vlll metal of the Periodic Table and/or an 
oxide and/or a sulfide thereof. 

8. The process according to claim 1 wherein the hy 
drogenation component is present in amounts ranging 
from 1 to about 25% by weight based on the total inor 
ganic non-crystalline component of the catalyst. 

9. The process of claim 7 in which the hydrogenation 
component is selected from the group consisting of the 
oxides and sul?des of nickel, molybdenum and tung 
sten and mixtures thereof. 

10. The process according to claim 1 wherein the cat 
alyst comprises: 

NiO 2 wt.% 
M003 16 wt.% 
S102 14 wt.% 
M203 66.4 wt.% 
Na2O 0.08 wt.% 


