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[57] ABSTRACT 

This speci?cation discloses the clemetalation of a 
hydrocarbon charge stock. The demetalation 
procedure involves contacting the hydrocarbon charge 
stock with hydrogen in the presence of, as a catalyst, a 
material derived from the naturally-occurring un 
derwater deposit known as a manganese nodule. The 
manganese nodule may be employed without pretreat 
ment or may be pretreated by sul?ding or by leaching 
to remove and recover one or more valuable metallic 

constituents. The manganese nodule catalyst, after it 
has become deactivated by use, may be processed to 
remove and recover one or more valuable metallic 

constituents. 

23 Claims, 4 Drawing Figures 
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DEMETALATION OF HYDROCARBON CHARGE 
STOCKS 

BACKGROUND OF THE INVENTION I 

l. Field of the Invention 
This invention relates to the treatment of a hydrocar 

bon charge stock and relates more particularly to the 
treatment of a hydrocarbon charge stock to effect 
removal therefrom of organo-metallic compounds. 

2. Description of the Prior Art 
U.S. Pat. No. 3,214,236 discloses hydrogenation, 

desulfurization and denitrogenation as being conver 
sion processes in which manganese nodules are cata 
lytically useful. This patent also discloses that the man 
ganese nodule catalyst can be a source of manganese 
and other valuable metals after being spent in effecting 
the desired catalytic conversion. 

U.S. Pat. No. 3,509,041 discloses the use of man 
ganese nodules, after pretreatment by base exchange to 
bond hydrogen ions thereto, in hydrocarbon conver 
sion reactions, speci?cally cracking, hydrocracking, 
oxidation, olefin hydrogenation, and ole?n isomeriza 
tion. 

U.S. Pat. No. 3,330,096 discloses the use of man 
ganese nodules for removing sulfur compounds from 
gases. 

U.S. Pat. No. 3,471,285 discloses the selective 
separation of manganese and iron from manganese 
nodules which also contain cobalt and nickel by reduc 
ing the nodules at elevated temperatures and then 
leaching with an aqueous solution of ammonium 
sulfate. 

SUMMARY OF THE INVENTION 

In accordance with the invention, a hydrocarbon 
charge stock is demetalized by contacting the charge 
stock with hydrogen, in the presence of, as a catalyst, a 
material derived from the naturally-occurring un 
derwater deposit known as a manganese nodule. In ac 
cordance with a speci?c embodiment of the invention, 
the manganese nodule is employed without pretreat 
ment. In accordance with other speci?c embodiments 
of the invention, the manganese nodule may be 
pretreated by sul?ding, or by leaching to remove one or 
more metallic constituents, or by any combination of 
the pretreating procedures. In accordance with still 
another embodiment of the invention, the catalyst, 
after becoming deactivated by use, is treated to remove 
and recover therefrom one or more metallic con 

stituents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 of the accompanying drawings are 
photomicrographs of the surfaces of the manganese 
nodules. ' 

FIG. 3 is a flow diagram illustrating a procedure 
wherein demetalation of a hydrocarbon charge stock is 
carried out and the charge stock is then processed for 
sulfur and/or nitrogen removal. 

FIG. 4 is a flow diagram illustrating a procedure 
wherein demetalation of a hydrocarbon charge stock is 
carried out and the charge stock is then subjected to 
catalytic cracking. 
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2 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Various hydrocarbon charge stocks such as crude 
petroleum oils, topped crudes, heavy vacuum gas oils, 
shale oils, oils from tar sands, and other heavy 
hydrocarbon fractions such as residual fractions and 
distillates contain varying amounts of non-metallic and 
metallic impurities. The non-metallic impurities in 
clude nitrogen, sulfur, and oxygen and these exist in the 
form of various compounds and are often in relatively 
large quantities. The most common metallic impurities 
include iron, nickel, and vanadium. However, other 
metallic impurities including copper, zinc, and sodium 
are often found in various hydrocarbon charge stocks ‘ 
and in widely varying amounts. The metallic impurities 
may occur in several different forms as metal oxides or 
sul?des which are easily removed by single processing 
techniques such as by ?ltration or by water washing. 
However, the metal contaminants also occur in the 
form of relatively thermally stable organo-metallic 
complexes such as metal porphyrins and derivatives 
thereof along with complexes which are not completely 
identi?able and which are not so readily removed. 
The presence of the metallic impurities in the 

hydrocarbon charge stocks is a source of dif?culty in 
the processing of the charge stocks. The processing of 
the charge stock, whether the process is desulfurizing, 
cracking, reforming, isomerizing, or otherwise, is 
usually carried out in the presence of a catalyst and the 
metallic impurities tend to foul and inactivate the 
catalyst to an extent that may not be reversible. Fouling 
and inactivation of the catalyst are particularly un 
desirable where the catalyst is relatively expensive, as, 
for example, where the active component of the 
catalyst is platinum. Regardless of the cost of the 
catalyst, fouling and inactivation add to the cost of the 
processing of the charge stock and therefore are 
desirably minimized. 

Demetalation of the hydrocarbon charge stock can 
be effected by thermal processing of the charge stock. 
However, thermal processing results in conversion of 
an appreciable portion of the charge stock to coke and 
the portion of the charge stock converted to coke 
represents a loss of charge stock that desirably should 
be converted to a more economically valuable product 
or products. Moreover, by thermal processing, the 
metallic impurities tend to deposit in the coke with the 
result that the coke is less economically desirable than 
it would be in the absence of the metals. 

Demetalation can also be effected by catalytic 
hydroprocessing of the charge stock. However, cata 
lytic hydroprocessing results in the catalyst becoming 
fouled and inactivated by deposition of the metals on 
the catalyst. There is no convenient way of regenerat 
ing the catalyst and it ultimately must be discarded. 
Since these catalysts are relatively expensive, catalytic 
hydroprocessing to’ demetalize hydrocarbon charge 
stocks has suffered from adverse economics. 
By the process of the invention, an economical and 

effective demetalation of a hydrocarbon charge stock is 
obtained. Manganese nodules are readily available in 
large quantities and are relatively inexpensive. Further, 
material derived from the nodules is capable of effec 
tively removing the metallic impurities from' a 
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hydrocarbon charge stock. Thus, whereas the material 
obtained from the manganese nodules becomes fouled 
and inactivated by the demetalizing process, the 
material is obtainable at such low cost that the fouled 
and inactivated material can be discarded without sig 
ni?cant effect on the economics of the demetalizing 
process. 
Manganese nodules, as is known, are naturally oc 

curring deposits of manganese, along with other metals, 
including iron, cobalt, nickel, and copper, found on the 
floor of bodies of water. They are found in abundance 
on the ?oors of oceans and lakes. For example, they are 
found in abundance on the floor of the Atlantic and 
Pacific Oceans and on the ?oor of Lake Michigan. The 
nodules are characterized by a large surface area, i.e., 
in excess of 150 square meters per gram. The nodules 
have a wide variety of shapes but most often those from 
the oceans look like potatoes. Those from the ?oor of 
bodies of fresh water, such as the floor of Lake 
Michigan, tend to be smaller in size. Their color varies 
from earthy black to brown depending upon their rela 
tive manganese and iron content. The nodules are 
porous and light, having an average speci?c gravity of 
about 2.4. Generally, they range from one-eighth inch 
to 9 inches in diameter but may extend up to con 
siderably larger sizes approximating 4 feet in length and 
3 feet in diameter and weighing as much as 1,700 
pounds. In addition to the metals mentioned above, the 
modules contain silicon, aluminum, calcium and mag 
nesium, and small amounts of molybdenum, zinc, lead, 
vanadium, and rare earth metals. 
The chemical and physical properties of manganese 

nodules, as catalytic agents for the demetalation of 
hydrocarbon charge stocks, are, as compared with con 
ventional catalytic agents for this purpose, considered 
to be somewhat unusual. The nodules have a high sur 
face area, about l00-250 square meters per gram. 
They will, however, lose surface area by metal deposi 
tion during the demetalation reaction. Further, as 
shown by Roger G. Burns and D. W. Fuerstenau in 
American Mineralogist, Vol. 51, 1966, pages 895-902, 
“Electron-Probe Determination of Inter-Element Rela 
tionships in Manganese Nodules”, the concentrations 
of the various metals contained in the nodules, i.e., the 
manganese, iron, cobalt, copper, and nickel, are not 
uniform throughout the crystalline structure of the 
nodule. Rather, a traverse across a section of a nodule 
will show marked differences in the concentrations of 
the various metals from point to point of the traverse. 
However, there appears to be a correlation between the 
concentrations of iron and cobalt. 0n the other hand, 
manufactured catalysts for demetalation are usually as 
uniform as the manufacturer can achieve. 
The accompanying ?gures illustrate the structure of 

manganese nodules. These nodules were obtained from 
the Blake Plateau in the Atlantic Ocean. Each of FIGS. 
1 and 2 is a photomicrograph of a surface of the 
nodules, FIG. 1 showing more of the pore system than 
FIG. 2. Magni?cations in each ?gure are l5OX.ln each 
of the figures, the large dark areas are large pores. The 
light- and dark-banded regions are solid material. The 
nodules are formed by slow deposition of colloidal 
materials. The composition of the particles of the col 
loidal materials varies with time resulting in the micro 
scopic strati?cation and inhomogeneity shown in the 
figures. 
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The manganese nodules can be employed as the 

catalyst for the demetalation of the hydrocarbon 
charge stock substantially as mined, or recovered, from 
the floor of the'body of water in which they occurred. 
Thus, the nodules, as mined, possibly after washing to 
remove sea water or lake water therefrom and mud or 

other loose material from the surface of the nodules, 
may be employed for demetalation. 
The demetalation reaction may also be carried out 

employing, as the catalyst, manganese nodules which 
have been subjected to a pretreatment. Pretreatments 
to which the manganese nodules may be subjected in 
clude sulfiding or leaching to remove therefrom one or 
more components of the nodules. 

Sul?ding of the manganese nodules increases the ex 
tent of demetalizing of the charge stock. It also can in 
crease the extent of desulfurization and Conradson 
Carbon Residue (CCR) reduction, each of which is 
desirable. This treatment is carriedout by contacting 
the nodules with hydrogen sulfide. The hydrogen sul 
?de may be pure or may be mixed with other gases. 
However, the hydrogen sulfide should be substantially 
free of hydrogen. The temperature of sulfiding may be 
from about 300° F. to about 450° F. and the time of sul 
?ding may be from about 4 to about 8 hours. The sul 
fiding may be effected, for example, by passing the 
hydrogen sul?de over the manganese nodules continu 
ously during the sulfiding reaction. The space velocity 
of the hydrogen sul?de is not critical and any space 
velocity ‘compatible with the equipment and such that 
some hydrogen sul?de is continuously detected in the 
exit stream is suitable. _ 
The manganese nodules may also be pretreated by 

being subjected to leaching to remove therefrom one or 
more components. As mentioned previously, the man- _ 
ganese nodules contain, in addition to manganese, 
copper, nickel, and molybdenum. They may be 
pretreated to leach therefrom the copper, nickel, or 
molybdenum,or any two, or all three, of these metals. 
The manganese nodules contain the copper, nickel, 
and molybdenum in sufficient quantities to provide a 
commercial source of these metals. Further, the 
removal, at least partially, of these metals and other of 
the metallic constituents of the nodules has apparently 
no effect on the catalytic activity of the nodules for 
demetalation of hydrocarbon charge stocks. Thus, by 
this embodiment of the invention, copper, nickel, and 
molybdenum, and other metals, may be recovered from 
the nodules for the economic advantage to be gained 
by such recovery and the remainder of the manganese 
nodules can then be employed as a catalyst for 
demetalation of hydrocarbon charge stocks. 
Removal of the copper and the nickel may be ef 

fected by leaching the manganese nodules with an 
aqueous solution of a strong acid. By strong acid is 
meant such acids as hydrochloric, sulfuric, and nitric 
acids. . 

The molybdenum may be removed from the man 
ganese nodules by leaching them with aqueous base 
solutions such as aqueous solutions of sodium hydrox 
ide or sodium carbonate. These solutions should have a 
pH of at least 8 and preferably should have a pH of at 
least 10. The leaching with the aqueous base solutions ' 
can be carried out at ambient temperatures or at the 
boiling point of the solution. 
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The nodules, with or without pretreatment, may be 
crushed and sized to obtain a desired particle size de 
pending upon the type of demetalation operation em 
ployed, for example, a ?xed bed operation, an ebulli 
tion operation or otherwise. 
The demetalation reaction is carried out by contact 

ing the hydrocarbon charge stock simultaneously with 
the catalyst and with hydrogen. The temperatures at 
which the reaction is carried out can be from about 
650° F. to about 850° F. At the higher temperatures, a 
greater degree of demetalation occurs. However, the 
temperatures employed should not be so high as to ef 
fect an undesirable degree of alteration of the charge 
stock. Preferably, the temperatures employed are in 
the range of 750°-850° F. The pressures at which the 
reaction is carried out can be from about 100 to about 
3,000 pounds per square inch gage (psig). Preferably, 
the pressures employed are in the range of 500-2,000 
psig. Where the reaction is carried out by passing the 
hydrocarbon charge stock through a bed of the 
catalyst, the liquid hourly space velocity (LHSV) of the 
charge stock can be from about 0.2 to 4, preferably 0.5 
to 2, volumes of charge stock per volume of catalyst 
per hour. Hydrogen circulation is at rates of 
2,000-1S,000, preferably 5,000—l0,000, standard 
cubic feet of hydrogen per barrel of hydrocarbon 
charge stock. The hydrocarbon charge stock along with 
the hydrogen may be passed upwardly through a ?xed 
bed of the catalyst in an upflow reactor or may be 
passed downwardly through a ?xed bed of the catalyst 
in a down?ow trickle-bed reactor. The reaction may 
also be carried out by passing the charge stock and the 
hydrogen through an ebullient bed of the catalyst. The 
reaction may also be carried out by ‘contacting the 
charge stock, the hydrogen, and the catalyst in a batch 
reactor. 
The catalyst, after being employed in the demetala 

tion reaction and having become catalytically deac 
tivated, or spent, can be treated for the recovery 
therefrom of valuable metals. Thus, the catalyst, after 
becoming spent, may be treated to recover copper, 
nickel, molybdenum, or any two, or all three, of these 
metals. It may also be treated to recover therefrom any 
other component. 
An advantage of the process of the invention resides 

in its economy with respect to hydrogen consumption. 
During the demetalation reaction, hydrogen is con 
sumed and the consumption of the hydrogen adds to 
the cost of demetalation. Thus, reduction in the con 
sumption of the hydrogen is economically desirable. 
Prior processes directed to demetalation have often 
required consumption of hydrogen in amounts between 
about 450 and 1,000 cubic feet per barrel of hydrocar 
bon charge stock. As compared to this, by the process 
of the invention, effective demetalation can be effected 
in many instances with consumption of 50 to 300' cubic 
feet of hydrogen per barrel of hydrocarbon charge 
stock. 

While we do not wish to be limited to the con 
sequences of any theory, it is believed that the reduced 
hydrogen consumption to a large extent is due to the 
sensitivity of the manganese nodules to the effects of 
sulfur. Manganese nodules, as well as other catalysts 
heretofore employed for the demetalation of hydrocar 
bon charge stocks, effect hydrogenation of molecules 
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6 
other than those containing metals. Thus, the man 
ganese nodules, as well as other demetalation catalysts, 
will effect hydrogenation of benzene rings, for exam 
ple. This hydrogenation of molecules other than those 
containing metals therefore results in consumption of 
the hydrogen in addition to that related to demetalation 
and, from the standpoint of the desired demetalation, 
represents a waste of hydrogen. However, as contrasted 
with other ‘demetalation catalysts, the manganese 
nodules, in the presence of sulfur, have essentially no 
activity for hydrogenating benzene and other aromatic 
molecules. They will, however, hydrogenate ole?ns. 
Hydrocarbon charge stocks contain sulfur to a greater 
or lesser extent, and, regardless of whether the catalyst 
is subjected to a sulfiding pretreatment, the sulfur in 
the hydrocarbon charge stocks will effect a rapid sul?d 
ing of the nodules. As a result, hydrogenation of the 
aromatic constituents of the charge stock is reduced 
with resulting reduction in the consumption of the 
hydrogen. _ 
Whereas a rapid sulfiding of the nodules will occur 

from the sulfur in the hydrocarbon charge stocks, sul 
?ding pretreatment of the nodules, as previously 
described, is of value. It is believed that, under reduc 
ing conditions, a reduction of the vmetal oxides in the 
nodules can occur with consequent loss in surface area 
and diminished activity. The sul?des on the other hand 
are more stable to reduction. Thus, when the nodules‘ 
are exposed to a reducing environment either before or 
during sulfiding as occurs when the sulfiding results 
from the sulfur in the charge stock, a prereduction or 
competitive reduction of the oxides can take place. 
The process of the invention may be employed for 

the demetalation of any hydrocarbon charge stock con 
taining organo-metallic compounds. Ordinarily, these 
will be hydrocarbon charge stocks containing sufficient 
metal to cause difficulty in the processing, or other sub 
sequent use, of the charge stocks. Other subsequent use 
of the charge stocks can include burning of the charge 
stock as fuel wherein the metals cause corrosion 
problems. These charge stocks include whole crude 
petroleum oils, topped crude oils, residual oils, distil 
late fractions, heavy vacuum gas oils, shale oils, oils 
from tar sands, and other heavy hydrocarbon oils. 
Charge stocks derived from Mid-Continent and East 
Texas crudes contain small amounts of metals. For ex 
ample, some East Texas crudes contain about 0.1 part 
per million of vanadium and 2-4 ,parts per million of 
nickel. Charge stocks derived from West Texas crudes 
and foreign crudes, however, can contain larger 
amounts of metal. Kuwait crude can contain over 32 
parts per million of .vanadium and over 9 parts per mil 
lion of nickel while Venezuelan crudes can’contain 
200-400 parts per million of vanadium and 17 to 59 
parts per million of nickel. 
The process of the invention can be carried out in 

conjunction with subsequent steps of processing of the 
hydrocarbon charge stock. For example, the hydrocar 
bon charge stock can be subsequently processed for 
removal of sulfur and/or nitrogen. Further, for exam-' 
ple, the hydrocarbon charge stock can be subsequently 
processed by catalytic cracking. 
Concerning processing of the hydrocarbon charge 

stock for removal of sulfur and/or nitrogen subsequent 
to demetalation employing manganese nodules, this 
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represents an operation in which economies are ef 
fected by employing an inexpensive catalyst in the first 
step to increase the life of a relatively expensive 

. catalyst in the subsequent step. For sulfur and/or 
nitrogen removal, relatively expensive manufactured 
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catalyst, particularly suited for this purpose, is em- ~ 
ployed. The prior removal of a signi?cant fraction of 
the metals by the manganese nodules will reduce the 
deterioration of the more expensive manufactured 
catalyst by poisoning from the metals in the charge 
stock and lead to extended life of the more expensive‘ 
catalyst. The processing sequence is unique in that the 
overall results are not mere additive results of the steps; 
catalyst life of the desulfurization catalyst is modified 
by the presence of the nodules, while the nodules per 
form a dual function of both demetalation and partial 
desulfurization. . 

The desulfurization catalyst suitable for use in such a 
combination process is broadly characterised as any 
hydrogenation catalyst which is tolerant of sulfur and 
nitrogen and which can be employed in an operating 
cycle or onstream life that is economically attractive. 
Thus, the desulfurization and/or denitrogenation 
catalyst may be any one of those known and used for 
such purposes in the prior art. Prominent catalysts used 
for this purpose include cobalt molybdate on alumina 
with or without small amounts of silica, nickel sul?de, 
tungsten sul?de, and nickel-tungsten sul?de alone or 
on a support material such as alumina which may or 
may not contain small amounts of combined silica. 
Other suitable and known desulfurization catalysts may 
also be employed. 
To facilitate an understanding of the described com 

bination process, reference will now be had to FIG. 3. 
In the arrangement of FIG. 3, a relatively heavy 
hydrocarbon feed such as a residual oil containing sul 
fur and metal contaminants is introduced to the process 
through line 10 to furnace 11 wherein the hydrocarbon 
feed is heated to an elevated temperature in the range 
of from about 650° F. to about 850° F. The hydrocar 
bon feed may be heated either alone or in combination 
with hydrogen rich gas supplied through line 12, it 
being preferred to mix the hydrogen rich gas with the 
feed prior to being heated in the furnace. Thereafter, 
the heated mixture is introduced through line 13 'to 
demetalation reactor 14. Make-up fresh catalyst may 
be added with the hydrocarbon feed through line 15 or ’ 
directly to the demetalation reactor. The demetalation 
reactor can be operated under liquid phase conditions 
wherein ?nely divided manganese nodules are added to 
and maintained in suspended motion by the liquid 
‘hydrocarbon ?owing upwardly through the demetala 
tion reactor. The rate of flow of the liquid feed up 
wardly through the demetalation reactor in this type of 
operation is suf?ciently high to suspend the‘ catalyst 
particles in a fairly random movement. The technique 
of causing random movement of particulate material by 
the upward ?ow of the liquid has been identi?ed with 
the prior art as ebullition. The demetalation of the feed 
may also be accomplished in a dense ?uid bed of solid 
particulate material, a moving bed operation, or other 
convenient means for effecting demetalation where the 
solid particulate material can be replaced as required 
after becoming spent. 
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8 
The liquid hydrocarbon leaves the upper portion of 

the demetalation reactor through line 20. Hydrogen gas 
is purged from the upper portion of the demetalation 
reactor through line 21. A portion of this gas may be 
recycled to the demetalation reactor through line 22 
provided with pump 23 and connected to line 12. 
Make-up hydrogen can be provided through line 24, 
also connected to line 12, if make-up hydrogen gas is 
required. At the level at which the hydrocarbon leaves 
the demetalation reactor, the hydrocarbon may contain 
catalyst fines and a fines separator 25 is provided. The 
?nes separator may be a cyclone separator, ?lter ar 
rangement, or any other convenient means for separat 
ing the entrained ?nes from the withdrawn liquid 
materiaL'Liquid material is withdrawn from the ?nes 
separator through line 30 provided with pump 31 and 
passed on for further processing. If desired, inter; 
mediate fractionation, not shown, can be provided. 

Spent fines,'having relatively high concentrations of 
deposited metals therein of nickel, vanadium, copper 
and iron, may be withdrawn from the lower portion of 
the demetalation reactor through line 32. ' 

Demetalation in the reactor will be carried out under 
the conditions previously mentioned, i.e., temperature 
within the range of from about 650° F. to 850° F., a 
pressure within the range of 100 to 3,000 psig, and a 
space velocity within the range of 0.2 to about 4. Some 
desulfurization of the charge will also be accomplished 
during demetalation but will be less effective than 
desired to be accomplished in the second step of the 
process. . 

In ‘the second step of the process, the hydrocarbon 
charge recovered from the demetalation reactor, and in 
which the metals level has been signi?cantly reduced, is 
then subjected to catalytic hydrodesulfurization. For 
this purpose, the hydrocarbon charge is passed to‘fur 
nace 33 and thence through lines 34 and 35 to desul 
,furization reactor 36. Hydrogen make-up is provided 
through line 40. Catalytic hydrodesulfurization of sul 
fur-bearing hydrocarbon charge material has been 
known and practiced in the petroleum re?ning art for 
years. Generally speaking, satisfactory desulfurization 
results are obtained when operating at a temperature in 
the range of from about 650°F. to about 850° F. and a 
pressure in the range of about 500 to about 3,000 psig 
when employing a space velocity in the range of about 
3. Suitable catalysts have already been described 
above. ' 

In the desulfurization reactor, the desulfurization 
zone comprises a ?xed catalyst bed through which the 
hydrocarbon charge is passed downwardly under desul 
furizing conditions. Other types of desulfurization con 
tact zones may be employed such as the trickle process 
or an ebullating bed of catalyst. In the arrangement 
shown, the hydrocarbon charge, in admixture with 
hydrogen rich gas in suitable proportions, is caused to 
move, after suitable heating thereof in the furnace, 
downwardly through the bed of catalyst under desul 
furizing conditions. The effluent is removed from the 
lower portion of the reactor through line 41 and passed 
to a separator 42. In the separator, a gasiform stream is 
separated from a normally liquid product stream. The 
gasiform stream comprising hydrogen, low boiling 
hydrocarbon, and compounds of sulfur and nitrogen is 
removed from the upper portion of the separator 
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through line 43. This gasiform stream may be treated to 
produce a hydrogen rich stream by any one of a 
number of known techniques and the thus produced 
hydrogen rich stream recycled through line 35 for ad 
mixture with the hydrocarbon charge to be desul 
furized. The remainder of the gasiform stream is 
purged from the system through line 45. Desulfurized 
product is removed from the separator through line 46. 

It is contemplated having more than one desulfuriza 
tion zone in sequence in which the latter zone or zones, 
depending on the number employed, will be employed 
to effect substantial denitrogenation of the hydrogen 
charge when required. Thus the process contemplates a 
third catalytic contact zone (not shown) for effecting 
more complete desulfurization and/or denitrogenation 
of the hydrocarbon charge in which case the third zone 
‘may be placed after the separator. 

Concerning processing of hydrocarbon charge stock 
by catalytic cracking subsequent to demetalation, 
metal poisoning of the catalysts employed for cracking 
can lead to severe problems such as low gas density due 
to the formation of hydrogen, higher gas make, and 
lowered gasoline yields. This problem is generally cir 
cumvented by controlling the allowable metals content 
of the feed stock to the cracking unit. However, this 
restriction also limits the percentage of crude which 
can provide suitable feed stock to a cracking unit. 

Metals content of a catalytic cracking stock is often 
expressed in terms of a metals factor which is de?ned 
as parts per million (ppm) Fe 1+ ppm V .+ 10 times the 
ppm Ni + 10 times the ppm Cu. in general, for satisfac 
tory performance of a catalytic cracking unit, the 
metals factor of the feed stock should be limited to 
about 5. The invention allows the use of a process com 
plex which includes demetalation which removes, for 
example, 90 ‘percent of the metals‘, thus the metals fac 
'tor of the feed stock to this catalytic processing com 
plex can now be as high as 50. This in turn will signi? 
cantly increase the percentage of crude which provides 
an acceptable feed stock for catalytic cracking. This 
processing combination is accomplished by distillation 
separation of a charge stock into a lighter and a heavier 
metals rich portion, demetalation of the heavier por 
tion, and feeding the demetalized effluent to the cata 
lytic cracking unit; all or part of the lighter portion 
would preferably be fed‘ to the same catalytic cracking 
unit. 

Reference will now be had to FIG‘. 4. The hydrocar 
bon charge stock, i.e., crude oil, is brought into an. at 
mospheric pressure still 50 through line 51. Light gases 
are removed from the still through line 52 while the 
fraction boiling between the light gases and 400° F. is 
removed through line 53. The 400°~600° F. material 
from this still is used for catalytic cracking and is 
passed through lines 54 and 55 to catalytic cracking 
unit 60. The bottoms from the atmospheric still are 
passed through line 61 on to a vacuum still 62. The 
overhead from the vacuum still is passed through line 
63 along with hydrogen to a demetalation reactor 64, 
while the bottoms will generally be passed through line 
65 to thermal processing. The effluent from the 
demetalation reactor is then passed on to the catalytic 
cracking unit through line 55. The cut temperature of 
the vacuum still depends on the speci?c crude oil and 

Y the efficiency of the demetalation reactor, and is ad 

10 
justed to yield an effluent from the demetalation reac 
tor having a metals factor no- greater than about 5. 
When the demetalation reactor is efficient enough, the 
vacuum tower can be completely circumvented and the 
bottoms from the atmospheric still passed directly to 

a the demetalation unit. 

15 

20 

‘ from the atmospheric still 

25 
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40 

45 

50 

55 
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Both the conversion and gasoline yield from catalytic 
cracking can often be improved by prior hydrogenation 
of the feed stock. Either the percentage of crude suita 
ble as feed stock to such a conventional process or the 
life of the relatively expensive hydrogenation catalyst 
can be increased by providing a prior demetalation 
process using a relatively cheap disposable catalyst. 
Thus,'the demetalation reactor 64 of FIG. 4 could be 
replaced by a complex consisting of both a demetala 
tion reactor and a hydrogenation reactor (not shown). 
For example, the system of demetalation plus desul 
furization and/or denitrogenation, described in more 
detail in FIG. 3, could be used. The demetalation reac 
tor now permits an increase in the cut temperature of 
the vacuum still or possibly direct use of the bottoms 

with an increase in‘ the 
amount of catalytic cracking feed stock. The 
hydrogenation reactor, in turn, increases the hydrogen 
content of the feed stock leading to greater gasoline 
production from a given amount of feed stock. In the 
absence of the demetalation reactor, either increasing 
the cut temperature or completely bypassing the 
vacuum still would increase the amount of metals 
reaching the hydrogenation catalyst and would signifi 
cantly curtail the life of this more expensive catalyst. 
The following examples will be illustrative of the in 

vention. 

EXAMPLE 1 

This example will illustrate the catalytic effect of 
manganese nodules on demetalation of a topped crude 
charge stock. The charge stock was Agha .lari topped 
crude and had the following physical characteristics 
and chemical composition: 

lnitial Boiling Point (113?) 400°F. 
> Gravity, °AP1 24.4 
Sulfur, weight percent (wt, ‘72) 2.20 
Nitrogen, wt. % 0.20 
Conradson Carbon Residue (CCR) 
wt. % 4.43 
Nickel (Ni), parts per 
million (ppm) 13.3 
Vanadium (V), ppm 45.8 

The manganese nodules were obtained from the bot 
tom of Sturgeon Bay in Lake Michigan. These nodules, 
after recovery from the lake bottom, were washed to 
remove salt, water, and mud. They were then crushed, 
leached with boiling water five times, dried to constant 
weight at 100° C., and sieved to 14-30 mesh (U.S. 
Standard Sieve Series). The nodules had the following 
physical characteristics and chemical composition: 

Surface area, square meters per gram (m’g‘l) 200 
Particle density, grams per cubic centimeter 
(g cm" ‘ 1.49 
Pore diameter, Angstrom units (A) 81 
Pore volume, cubic centimeters per gram 
(cm‘g'A 1) 0.409 

' Real density, g cm'5 3.75 
Manganese (Mn), wt. % 9.19 
Iron (Fe), wt. % 35.4 
Nickel (Ni), wt. % <0.01 
Cobaltous oxide (C00), wt. % 0.04 
Molybdenum trioxide (M003), Wt. % 0.08 
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The nodules were placed in a down?ow trickle-bed 
reactor, and hydrogen and the topped crude were 
passed through the reactor for 7 days. The reaction 
conditions and results are shown in Table I. 
The hydrogen consumption in Table 1, and in the 

subsequent tables, was a time-weighted average con 
sumption over the course of the run. 

TABLE I 

Temperature - 750°F. 
Pressure -- 2,000 psig 
Liquid Hourly Space Velocity (LHSV)- 1.19 Volumes of Charge 
Stock per Volume of Manganese Nodules 
Hydrogen Circulation (H, Circ.) - 10240-10880 Standard Cubic Feet 
of Hydrogen per Barrel of Charge Stock (SCF/B) 
TIME ON STREAM, DAYS 

0.08 0.52 1.04 1.54 2.04 2.54 3.04 3.45 6.96 
HYDROGEN CONSUMPTION, Standard Cubic Feet of Hydrogen per _ 
Barrel of Charge Stock (SCF/B) -- 73 
FLUID PRODUCT PROPERTIES 
Gravity, - 

°API 26.5 25.5 25.4 25.3 25.5 25.3 25.0 25.0 25.0 
SuIfur,wt% 1.22 1.521.61 1.661.70 1.71 1.73 1.70 1.87 
Nitrogen,wt% 0.15 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.20 
CCR,wt% 2.81 3.86 3.95 3964.32 3.88 4.05 4.19 4.31 
Ni,ppm 0.8 2.6 3.0 3.7 4.4 4.8 4.7 5.5 5.5 
V‘ggm 0.5 2.8 3.2 4.8 6.1 6.3 6.1 8.1 12.9 
% SULFURIZATION 

44.5 30.9 26.8 24.5 22.7 223 214 22.7 150 
% CCR REDUCTION Y ' 

36.6 12910.8 10.6 2.5 12.4 8.6 5.4 2.7 
% DEMETALATION ' 

98.8 91.9 89.5 85.6 82.2 81.2 81.7 77.0 68.9 

It will be observed from the table that the demetala 
tion varied from 98.8 to 68.9 percent over the course of 
the 7-day run. 

EXAMPLE 2 

In this example, the effect of sul?ding the manganese 
nodules is demonstrated. The charge stock and the 
nodules were the same as those used in Example 1. 
However, after loading the nodules into the reactor, the 
nodules were sul?ded by passing through the reactor 
100 percent hydrogen sul?de at 320° F., at' 1 at 
mosphere pressure, and at a space velocity of 480 
volumes of hydrogen sul?de per volume of nodules for 
a period of 8 hours. The topped crude oil and hydrogen 
were passed through the reactor for a period of 10 
days. Reaction conditions and results are given in Table 
II. 

It will be seen, comparing Tables I and 11, that sulfid 
ing of the catalyst resulted in improvements in desul 
furization, CCR reduction, and demetalation although 
the improvements in demetalation did not become 
marked until after two days on stream. The bene?cial 
effects were most pronounced on the CCR reduction 
and least pronounced on the demetalation. It will also 
be seen that the hydrogen consumption was 103 SCF/B 
whereas in Example 1 the hydrogen consumption was 
73 SCF/B. The higher consumption ‘of hydrogen in Ex 
ample 2 is not considered to be of signi?cance in view 
of the fact that hydrogen'consumption data is sensitive 
to small errors in analysis. Any differences in hydrogen 
consumption of less than 50 SCF/B can usually be at 
tributed to analysis error. 

TABLE 11 
Temperature - 750° F. 
Pressure - 2000 psig 

H, Circ » 9,640-10,560 SCF/B 
TIME ON STREAM, DAYS 
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12 
0.06 0.2 1.0 1.2 2.1 3.3 4.1 7.1 8.1 9.1 10.1 

HYDROGEN CONSUMPTION, SCF/l3-103 
LIQUID PRODUCT PROPERTIES 
Gravity, °AP1 

26.0 215.026.‘) 26.2 25.7 25.7 25.5 25.5 25.4 25.3 25.0 
Sulfur,wt% 

0.70 1.101.42 1.431.48 1.541.58 1.691.67 1.70 1.65 
Nitrogen, wt % 

— 0.140.18 0.18 0.18 0.19 0.19 0.19 0.19 0.19 0.09 
CCR.wt% 

' -- 2.613.40 3.57 3.15 3.34 3.73 - 3.63 3.59 3.58 
Ni,ppm 

0.34 0.812.6 2.8 3.5 4.3 4.0 4.8 5.9 5.4 4.7 
V, ppm . 

0.31 0.82 3.5 3.9 5.1 6.4 6.3 8.2 8.5 9.2 9.6 
' % DESULFURIZATION ' 

68.2 50.0355 35.0 32.7 30.0 28.2 23.2 24.1 22.7 25.0 
% CCR REDUCTION 

-- 41.123.3 19.4 38.9 24.6158 — 18.1 19.0 19.2 
%DEMETALATION .. 

98.9 97289.7 88.7 85.4 81.9 82.6 78.0 75.6 25.3 75.8 

EXAMPLES 

This example will illustrate the effect of temperature 
on the demetalation activity of sul?ded manganese 
nodules. ‘ 

The procedure set forth above in Example 2 was con 
tinued for an additional period of 6.9 days. However, 
during this additional period, the temperatures em 
ployed were 800° and 850° F. The reaction conditions 
and results are given in Table III. In Table III, the 
hydrogen consumption is given only for the period that 
the reaction was carried out at 800° F. During the 
period at which the reaction was carried out at 850° F ., 
difficulty was encountered in obtaining measurement 
of hydrogen consumption. _ 

It will be noted from Tables 11 and III that, at 750° F., 
the demetalation at the beginning of operation was 
98.9 percent. However, demetalation decreased as the 
operation continued and at the end of 10 days had 
declined to 75 .8 percent. On the other hand, with the 
temperature being increased at this time to 800° F., 
demetalation rose to 96.4 percent and remained at this 
?gure or higher for the entire 800° F. portion of the 
operation. At 850° F., the demetalation was over 99 
percent complete. 

TABLE 111 

Pressure-2000 psig 
LHSV-1.27 
11. Circ-9,830-10,560 SCF/B . 

mason STREAMQDAYS 11.1 14.4 14.9 15.4 15.9 16.6 16.9 
TEMPERATURE. °F. 1200 1100 1100 soo 1100, ‘1150 s50 

HYDROGEN CONSUMP- ' 
TION. SCF/B-166 

LIQUID PRODUCT 
PROPERTIES 
Gravity. “API 25.9 26.9 26.7 26.7 26.8 30.5 30.5 
su1rur.w1% 1.29 1.37 1.39 1.32 1.41 0.11s 0.89 
N1trogen.wt% 0.10 0.16 0.111 0.111 0.111 0.15 0.17 
CCR.wt% 2.87 3.05 3.14 5.20 3.11 1.15 1.16 
N1.ppm 1.1 1.2 1.4 1.3 1.3 0.2 0.2 
v.11pm 1.0 0.7- 0.7 0.7 0.6 0.1 0.3 

96DESULFURIZATION 41.4 37.7 36.8 37.3 35.9 60.0 59.5 

.%CCR REDUCTION ‘ 35.2 31.2 29.1 27.8 29.8 74.0 73.4 

%DEMETALA_TION 96.4 96.8 96.4 96.6 96.8 99.5 99.2 

EXAMPLE4 

This'example will illustrate the catalytic effect of the 
manganese nodules for demetalation of a whole crude 
oil. The crude oil was Kuwait whole crude and had the 
following physical properties and chemical composi 
tion: > 

Gravity, °API 31.1 
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down?ow trick|e_bed reactor and sulfided by passing Reaction conditions and results are given in Table V. 1 
100 percent hydrogen Sulfide through them at 4509 F. It Will be seen from Table V that demetalation vaned 
and 1 atmosphere pressure for 8 hours at a space . between 98-8 and 92-9 Percent 
velocity of 480 volumes per volume of nodules per 10 TABLEV 
hour. After sul?ding, the crude oil and hydrogen were , 
passed through the reactor. The reaction conditions Temperature-800° F. 
and results are given in Table IV. f?gvri’l' 8800 PM 

it will be seen that the demetalation activity of the 11,0116 - ‘13,000 SCF/B 
catalyst was high throughout the period of the reaction. 15 “ME ON STREAM’ DAYS 0 2 o 6 
Demetalation was 96.9'percent after 2 hours of opera- ~ HYDROGEN CONSUMPTION éCF/h __ 283 

LIOUlD PRODUCT PROPERTIES 
Gravity, “API 
guli'ur, wt % % 

itro en. wt 20 CCRPwt‘ib 
Ni. PPm 
% DESULFURIZATION 

% CCR REDUCTION 

25 % DEMETALATION 

tion. Even after 3 days of operation, demetalation was 
still 82 percent. 

77.8 61.0 54.8 5-1-.6th 47.1 40.6 

74.1 55.1465 45.9 47.6 40.8 37.0 

98.9 97.7 94.7 ‘94.5 96.2 94.4 92.9 

EXAMPLE 6 

v This example will illustrate the catalytic effect of 
manganese nodules on the demetalation of petroleum 

30 . . . . . 

res1dual oil. The petroleum res1dual oil was a Kuwait at 
mospheric residual oil and had the following charac 
teristics: 

61 72 

,013 
2.10. 3.80 3.83|3.26_4.2214.i6 4.421 .50 , 

0.1 

49 37 27 23 

TABLE IV 

Temperature - 750° F. 
LHSV - 1.33 
Pressue -- 2000 psig 
H, Circ — 6,9l0-9,870 SCF/B 

TIME ON STREAM, HOU2RS 13 
HYDROGEN CONSUMPTION, SCF/B - 52 
LlQUlD PRODUCT PROPERTIES , 
Gravity, ° API 303 30.8 30.8 30.7 30.6 30.4 30.4 30.1 
Sulfur, wt % 1.00 1.82 2.01 1.99 2.04 2.10 2.16 2.18 
Nitrogen,_wt% 0.06 0.11 QJZJLIZ 11-13 0-13 (11.1.3. 

0.0. 4 

28.7 26.9 24.7 22.6 21.9 

59.6 26.9 26.3 37.3 18.8 20.0 15.0 13.4 

99 "23 6.3. 23 35 22 9.4.. .12 "0.1... .22 ..53 LL 23 00 Ni, ppm 
V. PP 
% DE 

11. 26 

600° F. 

3.52 
0.19 
6-7% 

I 4212 

8. 58 9. 42 10. 5B 7. 38 6.88 6. 21 

Gravity, °API 
Sulfur, wt. % 
Nitrogen, wt. % 
CCR, wt. % 

Ni, VI I 

' 40 ‘ I 

The nodules were the same as those employed in Exam 
ple 1 except that they were sieved to 10-20 mesh and 
were sulfided. Sul?ding was effected by loading the 
nodules into an up?ow reactor and passing hydrogen 

the same'conditions as set forth in‘Example 2. Reaction 
conditions and results are given in Table VI. 

it will be noted that, over the approximately 19-day 
run, the demetalation varied between 83.6 and 95.5 

50 percent. 

TABLE VI 

lTemperature, 800° F.; LHSV, 1.0; pressure, 2,000 p.s.i.g.] 

1.38 2.04 3.04 5.71 .88 

64.2 34.8 28.0 

96.9 91.6 87.4 89.0 87.7 84.9 82.6 82.0 

EXAMPLE 5 

This example will illustrate the catalytic effect of 
manganese nodules for demetalation of another topped 

222..-. 
Liquid product properties: 

111 

SULFURlZATlON 

% CCR REDUCTION 

% DEMETALATION 

crude oil. The‘nodules were the same as those em- 45 sulfide through them. Sul?ding was carried out under 
ployed in Example 1 except that they were sieved to 
10-20 mesh. The nodules were packed into a downflow 
trickle-bed reactor and sulfided as described in Exam 
ple 1. The charge stock was a Kuwait topped crude and 
had the following characteristics: 

Time on stream, days....-...._.-. 
Hydrogen consumption, s.e.!./b. 

68811 
.51 . .om7.4.;0. 20 6.8 058629742 .61. t . . . . . as .sazame a... 823.88% 

7 

8801.81.10. a2 .9380 9%8271748 
. 1 

Ma .nazunm. newsman/6999 1 . - ~ . . . 1 2.021 01 M2 “29 88710 692 
.41 1 

ainnemis 5...1..9.. .224. %2% 
Gravity, ° API-_.__...--..-._ 
Sulfur, weight, percent........ 
Nitrogen, weight percent...... 

. OCR, weight percent. 
Ni 
V. 

Percent demetalatlon___..-_.--... 

19. 20 _l.b____ 11.68 12.42 13.08 14.08 15.08 16.08 16.83 17.67 18.00 18.33 18.66 
consumption 8.0.1. 

uid product properties‘ 
Time on stream, days.__.... 
Hydrogen 
Liq 

08682.63... .82. .ssaame 
J M 

. 

0 0 

Lemma”. $5.404“ 
4 . .54 

22 zwwm 
1 

060206888 a2. .sazame 199095547 .61 . . . . . . as 1.338% 88 5 AME . .4“ ..4H0. e2 832.1206 
ulfurlzation___________ 

gen, weig 
CCR, weight percent_________ 

as 

Nitro 

$11 . D- - Percent 11) 
Percent CC R reduction. _ _ _ _____ _ 

Percent demetalation. _ _ _ _ -_ _ _ _ . _ _ 
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EXAMPLE 7 
This example will illustrate the results obtained em 

ploying a conventional catalyst for demetalation of the 
same residual oil employed in Example 6. The catalyst 
employed was a molybdenum oxide-aluminum oxide 
catalyst and comprised 11.1 weight percent of M00, 
on A1205. It is identi?ed by the trade name “I-larshaw v 
Mo 1210 T”. This catalyst was placed in a down?ow 
reactor and the residual oil and hydrogen were passed 
through it at a variety of conditions. The conditions and 
results are given in Table VII. The conditions used 
between 4.79 and 9.42 days in this table were essen 
tially the same as those employed in Example 6. 
As shown in Table VII, the demetalation varied 

between 82.2 and 95.0 percent. This is comparable to 
the extent of demetalation obtained with the man 
ganese nodules in Example 6. However, the hydrogen 
consumption in Example 7 was 563 SCF/B as com 
pared to the lower hydrogen consumption in Example 6 
of 222 SCF/B. 

TABLE vrr ' '- ' 

[Temperature, 800° F.; LHSV, 1.0; pressure, 2,000 p.s.1.g.] 

16 
for a period of 3 days at 2,000 psig at 700°-7 50° F. and I 
a space velocity of 1.16 volumes of gas oil per volume 
of ‘nodules per hour. Thereafter, the West Texas Sour 
vacuum residual oil was passed over the nodules along 
with the hydrogen at a temperature of 750° F. After a 
short‘time at 750° F., the temperature was raised to 
800° F. Results obtained at 800° F. are given in Table 
VIII. 
The three other catalysts were,vrespectively, (I) an‘ 

alumina (Al,0,) containing 6 percent by weight of sil 
ica (SiO,), (11) an alumina base containing 6 percent by 
weight of silica and 0.5 percent by weight of nickel, and 
(111) an alumina base containing 6 percent by weight of 
silica, 3.10 percent by weight of cobalt oxide (C00) 
and 17.3 percent by weight of molybdenum oxide‘ 
(M003). These catalysts were also loaded into upflow 
reactors and the West Texas Sour vacuum residual oil 
along with hydrogen was passed over the catalysts. 
Reaction conditions and results obtained are also given 
in Table V111. 

Time on Stream, days .......... ._ 4.79 4.83 4.87 5.25 5.07 5.79 6.25 
liggarogen consumption, so! lb 
Liquid product properties 

Gravlty,°API ............................. .. 24.2 24.2 24.4 24.4 
Sulfur, welglht percent ...... ..1.83 1.77 1.86 1.58 1.60 1.57 1.43 
1353B, welg percent .......................... .. 4. 62 .......... .. 4.08 

6. 67 6. 70 7. 37 

EXAMPLE 8 

This example will illustrate the effect of the man 
ganese nodules from the Atlantic Ocean on the 
demetalation of a residual oil. The example will also i1 
lustrate the effect of three other catalysts, the first of 
which is notconsidered to have hydrogenation activity 
and the other two of which contain metals or metal ox 
ides which are used to impart hydrogenation activity in 
conventional hydroprocessing catalysts. The oil was a 
West Texas Sour vacuum residual oil and had the fol 
lowing physical properties and chemical composition: 

Gravity, °API 7.3 
Hydrogen, wt. % 10.05 
Sulfur, wt. % 4.02 
Nitrogen, wt. % 0.36 
CCR, wt. % 15.9 
Ni, ppm 19 
V, ppm 32 

The manganese nodules were obtained from the Blake 
Plateau in the Atlantic Ocean and, after crushing and 

40 

45 

50 

washing with hot water, had the following physical pro- 55 
perties and chemical composition: 

Surface Area, m’g'l 
Particle Density, g cm'“ 1.21 
Pore Diameter, A 103 
Pore Volume, (cm‘g‘ll 0.58 
Real density, g cm'° 4.06 
Mn, wt. % 20.9 
Fe, wt. % - 13.3 
Nhwn?g, 0.92 
CoO. wt. % 0.43 
M003, wt. % <0.1 

These nodules were sieved to 14-30 mesh and were 
loaded into an upflow reactor, and a West Texas Sour 
vacuum gas oil which was relatively free of metallic 
constituents was passed over them along with hydrogen 

60 

65 

TABLE VIII 

CATALYST 
Nodules 1 II 111 

TIME ON STREAM, DAYS 
3.6 6.9 5.6 

TEMPERATURE, “F. v 
‘ 803 804 801 800 ' 

PRESSURE, P816 
2000 2000 2000 2000 

LHSV 
0.97 0.83 0.74 0.89 

H, CIRC 
6620 8050 9560 7840 

HYDROGEN CONSUMPTION, SCF/B 
235 345 490 1060 

LlQUlD PRODUCT PROPERTIES 
Gravity, ‘API 11.2 11.8 12.8 17.7 
Hydrogen, wt. .% 10.38 10.37 10.36 ' 11.45 
Sulfur, wt. ‘k 2.93 3.46 2.91 0.62 
Nitrogen, wt. ‘1: 0.38 0.37 0.36 0.29 
CCR, wt. % 11.9 — 14.0 8.1 
Nickel, ppm 10 19 12 3 
Vanadium, Em 13.5 27 10 0.8 
% DEMETA ATION v 

53.9 9.8 56.9 92.5 
l‘Total time on stream counting 3 days with vacuum gas oil. 

The table indicates that the extent of demetalation 
employing the nodules was 53.9 percent. However, it 
wasconsidered that this was not a representative ?gure 
since, on opening the reactor, it was discovered that 
about half of the catalyst charge had been removed 
from the reactor by the oil and hydrogen‘ passed 
through it. The table also indicates that the extent of 
demetalation employing Catalyst III was 92.5 percent. 
However, the table also indicates that, while the 
nodules took out over one-half the metal removed by 
Catalyst III, the hydrogen consumption with the 
nodules was less than one-fourth that of Catalyst [11. 
Further, the table shows that the nodules are far superi 
or to Catalyst I which contains no metal or metal oxide 
component generally considered to have hydrogena 
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tion activity and comparable to Catalyst 11. The table 
also shows that the hydrogen consumption with the 
nodules is signi?cantly less than Catalyst 1 and less than 
one-half that of Catalyst 11. 

EXAMPLE 9 

This example will illustrate the demetalation of a 
topped petroleum crude oil at relatively low pressures 
of hydrogen. A relatively high space velocity also was 
employed. . 

The manganese nodules were the same as those em 
ployed in Example 2 and the topped petroleumcrude 
oil was the same as that employed in Example 1. The 
reaction conditions and the results obtained are given 
in Table 1X. . 

As shown in the table, the percent demetalation 
varied between 43.7 and 78.3 percent over the course 
of the run. 

TABLE 1X 

Temperature — 750° F. 
Pressure — 1015 psig 
LHSV - 2.9 

HI Circ - 10,000 SCF/B 
TIME ON STREAM, DAYS 

0.10 0.23 0.64 1.14 1.64 2.14 2.37 
HYDROGEN CONSUMPTION, SCF/B - 81 
1.10011) PRODUCT PROPERTIES 
Gravity, "API 26.1 25.2 24.9 24.9 24.9 24.9 24.9 
Sulfur,wt% 1.42 1.671.714 1,191.82 1.81 1.80 
Nitrogen,wt% 0.17 0.19 0.19 0.20 0.20 0.20 0.20 
CCR,wt% 3.46 4.06 3.85 4.05 3.93 4.17 4.26 
Ni,ppm 4.1 6.4 6.3 9.35 9.1 10.4 10.2 
v. ppm 8.7 15.0 16.9 19.7 21.4 22.9 22.9 
% DESULFURlZATlON 

35.5 24.1209 18617.3 17.7 18.2 
91> CCR REDUCTION 

21.9 8.4 13.3 8.6 11.3 5.9 3.8 
% DEMETALATlON 

78.3 63.8 60.7 50.8 48.4 43.7 44.0 

EXAMPLE 10 

This example will illustrate the demetalation of a 
topped petroleum crude oil at a lower pressure and at a 
lower space velocity than in the previous example. 
The manganese nodules and the topped petroleum 

crude oil were the same as those in the previous exam 
ple. During the run, the temperature was increased 
from 750° F. to 800° F. The reaction conditions and the 
results obtained are shown in Table X. 

- As shown, the percent demetalation varied between 
93.1 and 59.2 percent over the course of the run. , 

TABLE X 

Temperature — 750°-800“ F. 
Pressure —' 560 psig 
LHSV — 1.1 

H, Circ — 10,000 SCF/B 
TIME ON STREAM, DAYS 

0.110.25 0.641.14 1.64 2.14 2.63 3.09 
HYDROGEN CONSUMPTION, SCFIB — 85 
TEMPERATURE, °F. 

750 750 750 750 750 800 800 800 
LlQUlD PRODUCT PROPERTIES 
Gravity, °Al’l = 27.5 — 25.5 25.6 25.3 25.4 26.4 - 
Su1fur,wt% 1.04 —— 1.511.63 1.651.45 1.53 1.54 

.Nitrogen,wt% .15 — 0.19 0.19 0190.18 0.19 0.19 
CCR,wt% 2.38 3.12 3.90 4.17 4.27 3.33 3.63 3.54 
Ni,ppm 1.4 2.8 5.5 7.1 7.6 4.6 5.6 5.7 
V,p m 2.7 6.0 l1.816.9 16.5 7.9 8.6 7.8 
% DESULFURIZATION 

52.7 — 31.4 25.9 25.0 34.1 30.5 30.0 
% CCR REDUCTION . 

46.3 29.6 12.0 5.9 3.6 24.8 18.1 20.0 
% DEMETALATlON 

93.1 85.1 70.7 59.4 59.2 78.8 76.0 77.2 
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EXAMPLE 11 

This example will illustrate the demetalation activity 
_ of manganese nodules obtained from the Atlantic 
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Ocean on a topped petroleum crude oil. 
The nodules employed were obtained from the Blake 

Plateau in the Atlantic Ocean. These nodules, after 
crushing and washing with hot water, had the following 
physical properties and chemical composition: 

Surface Area, m’g'l 226 
Particle Density, g cm‘5 1.43 
Pore Diameter, A 73 
Pore Volume, em‘1 3" 0.41 
Real Density, g cm" 3.53 
Mn, wt. % 18.8 
Fe, wt. ‘11: 12.3 
Ni, wt. % 0.72 
C9911!’ 9?. . . 0-46 
M003, W1. % I 0.1 

The toppedv petroleum crude oil was the same as that 
employed in Example 1. The reaction conditions an 
results obtained are given in Table X1. ' 
As shown, the demetalation varied between 95.8 and 

79.7 percent over the course of the run. 

TABLE Xl 

I Temperature — 750° F. 
Pressure — 2000 psig 
LHSV -- 1.3 

H, Circ — 10,000 SCF/B 
TlME ON STREAM, DAYS 

.10 0.45 0.90 1.36 
HYDROGEN CONSUMPTION, SCF/B — 174 
LIQUID PRODUCT PROPERTIES 
Gravity, °AP1 25.5 24.7 H. 25.3 
Sulfur, wt % 1.40 1.63 L71 1.69 
Nitrogen, wt % 0.17 .19 .20 ‘20 
CCR,wt% 3.19 3.85 3.89 3.89 
Ni, ppm 1.2 2.7 4.9 5.9 
V, m 1.3 5.0 7.1 5.9 
% SESULFURIZATION 

6.4 25.9 22.3 23.2 
% CCR REDUCTION 

28.0 13.1 12.2 12.1 
% DEMETALATION 

95.8 87.0 79.7 83.6 

EXAMPLE 12 

This example will illustrate the demetalation effect of 
manganese nodules from the'Pacific Ocean on a topped 
petroleum crude oil. ' ' 

The nodules employed were _ obtained from the 
Pacific Ocean and, after crushing and washing with hot 
water, had the following physical properties and chemi 
cal composition: ' 

Surface Area, m’g" 230 
Particle Density, g cm'l 1.52 
Pore Diameter, A 69 
Pore Volume, cm’ g’l 0.40 
Real Density, g cm'‘’ 3.80 
Mn, wt. % 28.5 
Fe, wt. % 13.9 
Ni, wt. % 1.21 
990.16% 0.23 
M003, wt. % . 0.1 

The nodules were sieved to 14-30 mesh and sul?ded in 
accordance with the procedure described in Example 
2. The reaction conditions and results obtained are 
given in Table X11. 
As shown, the demetalation varied between 60.1 and ' 

86.1 percent over the course of the run. 
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TABLE x11 

Temperature -- 750° F. 
Pressure -- 2000 psig 
1.11sv- 1.2 
H, can - 10,000 SCF/B 

TIME ON STREAM, DAYS 
0.06 0.20 0.60 1.101.60 2.15 2.60 

HYDROGEN CONSUMPTION, SCF/B - 69 
LIQUID PRODUCT PROPERTIES 
Gravity, °APl 26.5 25.5 25.1 25.0 25.0 25.0 25.0 
Sulfur,wt% 1.20 1.391.49 1.501.52 1.47 1.33 
Nitrogen, was .17 .19 .20 .20 .20 .20 .20 
ccn, W193 3.17 3.53 4,044.29. 4.23 4.11 4.15 
Ni,ppm 4.1 3.2 5.1 8.9 6.9 6.9 7.8 
v.ppm 1.4 5.0 8.2 14.7134 9.3 14.3 
% DESULFURIZATION 

45.5 36.8 32.3 31.8 30.9 33.2 30.5 
% CRR REDUCTION 

28.4 19.2 8.8 3.2 4.5 7.2 6.3 
% DEMETALATION 

73.8 86.1 77.5 60.1 65.7 72.6 62.6 

EXAMPLE l3 

This example will demonstrate the sensitivity of man 
ganese nodules to the effect of sulfur with respect to 
the hydrogenation of aromatic compounds. 

In this example, in the ?rst portion thereof, benzene 
and hydrogen were passed over three different catalysts 
packed into a reactor. The ?rst two catalysts were At 
lantic Ocean nodules having the physical charac 
teristics and chemical composition as given in Example 
8, and Lake Michigan nodules having the physical pro 
perties and chemical composition given in Example 1. 
The third catalyst was the same type of conventional 
catalyst containing CoO/MoO3 employed in Example 
7. The reaction conditions were as follows: 

Temperature 700° F. 
Pressure 1,050 psig 
LHSV 4.0 
Ratio of Hydrogen to Benzene 2.68 

At the end of two hours, the ef?uent stream from the 
reactors was analyzed for the proportion of cyclohex 
ane contained therein. The results are given in Table 
XIII. 

TABLE Xlll 

Catalyst Mole Percent of C clohexane 
Atlantic Ocean Nodules 87g 
Larlgejlijghjgan Nodules 45.3 
CoO/MoO3 93.1 

It will be observed from Table XIII that each of the 
catalysts had significant benzene hydrogenation activi 
ty, with the Coo/M003 having the greatest activity. 

In the second portion of this example, the procedure 
was repeated except that an ole?n, i.e., hexene-l, and a 
sulfur-containing organic compound, i.e., Z-methyl 
thiophene, were mixed with the benzene. The mixture 
had the following composition in weight percent‘ 

Benzene 79.4 
Hexene-l l8.2 
Z-Methyl Thiophene 2.4 

The reaction conditions were: 

Temperature 700° F. 
Pressure 1050 psig 
Ll-lSV 4.0 
Ratio of Hydrogen to 
other reactants 10.0 

After 22.5 hours on stream, the effluent streams from 
the reactors were analyzed to determine the extent of 
benzene and hexene-l hydrogenation and sulfur 
removal. The results are given in Table XIV. 
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TABLE XIV 

Benzene Hexene-l Sulfur 
Hydro- Hydro- Removal 
genated genated Weight 

Mole Mole Percent 
Percent Percent 

<0.l 72 41 

90 <0.l I00 

100 

Catalyst 

Atlantic Ocean 
Nodules 
Lake Michigan 
Nodules. COO/M003 3.3 9l 

The runs were continued for any additional 5 hours 
but the temperature was increased to 800° F. Analyses 
were again made of the effluent stream from the reac 
tors and the results are given in Table XV. 

TABLE XV 

Benzene Hexene-l Sulfur 
Hydroq Hydro- Removal 
genated genated 

Mole Mole Percent 
Percent 

93 

I00 

Catalyst 
Percent 

Atlantic Ocean <0.l 92 
Nodules 
Lake Michigan 
Nodules 
coo/H065 6.2 100 93 

As will be seen from Tables XIV and XV, the man 
ganese nodules, in the presence of the sulfur-containing 
compound, had essentially no activity for hydrogenat 
ing the benzene but had activity for hydrogenating the 
ole?n. On the other hand, the COO/M003 catalyst 
retained some of its activity for hydrogenating the 
benzene in the presence of the sulfur-containing com 
pound. 

EXAMPLE 14 

This example will illustrate the processing sequence, 
described in connection with FIG. 3, of demetalation 
followed by hydroprocessing for sulfur and nitrogen 
removal. The Kuwait atmospheric residual oil 
described in Example 6 is fed to the demetalation reac 
tor 14. The catalyst in the demetalation reactor is man 
ganese nodules which have been crushed to small parti 
cle size. The ebullating bed demetalation reactor is 
operated at 800° F., a Ll-ISV of 1.0, a pressure of 2,000 
psig, and a hydrogen circulation rate of 10,000 SCF/B. 
Ten percent of the catalyst in the demetalation reactor 
is withdrawn vdaily and an equivalent amount of fresh 
catalyst added daily. . 
The metals content of the liquid product from the 

demetalation reactor is signi?cantly reduced relative to 
that of the feed to the demetalation reactor. The sulfur 
content is also reduced but to a lesser extent. The 
product from the demetalation reactor is passed on to 
the desulfurization reactor 36. The catalyst in the 
desulfurization reactor is cobalt molybdate on alumina. 
The desulfurization reactor is operated at a LI-ISV of 
1.0, a temperature of 800° F., a pressure of 2,000 psig 
and a hydrogen circulation rate of 10,000 SCF/B. The 
sulfur content of the product from the desulfurization 
reactor is signi?cantly reduced relative to the feed to 
the desulfurization reactor. 

EXAMPLE 15 

This example will illustrate the processing sequence, 
described above in connection with FIG. 4, of 
demetalation prior to catalytic cracking. A Kuwait 
crude oil is fed to atmospheric still 50. The bottoms 
from the atmospheric still, which are very similar to the 
Kuwait atmospheric residual oil described in Example 

Weight‘ 
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6, are passed to vacuum still 62. The cut temperature of 
the vacuum still is adjusted so that the overhead has a 
metals factor of about 50. This overhead is then passed 
on to demetalation reactor 64. The catalyst in the 
demetalation reactor is manganese nodules which have 
been crushed to small particle size. The ebullating bed 
demetalation reactor is operated at a LHSV of 0.5, a 
pressure of 2,000 psig, and a hydrogen circulation rate 
of 10,000 SCF/B. Ten percent of the catalyst in the 
demetalation reactor is withdrawn daily" and an 
equivalent amount of fresh catalyst added daily. The 
temperature of the demetalation reactor is controlled 
such that the product from this reactor has a metals 
factor of about 5. This product is then passed on to 
catalytic cracking unit 60. 

EXAMPLE 16 

This example will illustrate a processing sequence of 
demetalation and hydrogenation prior to catalytic 
cracking. A Kuwait crude oil is fed to atmospheric still 
50 as illustrated in FIG. 4. The bottoms from the at 
mospheric still, which are very similar to the Kuwait at 
mospheric residual oil described in Example 6, are 
passed to vacuum still 62. The cut temperature of the 
vacuum still is adjusted so that the overhead has a 
metals factor of about 50. This overhead is then passed 
on to demetalation reactor 64 containing manganese 
nodules which have been crushed to small particle size. 
The ebullating bed demetalation reactor is operated at 
a temperature of 800° F., a Ll-lSV of 1.0, a pressure of 
2,000 psig, and a hydrogen circulation rate of 10,000 
SCF/B. Ten percent of the catalyst in the demetalation 
reactor is withdrawn daily and an equivalent of fresh 
catalyst added daily. - 
The product from the demetalation reactor, which 

has been signi?cantly reduced in metals content rela 
tive to the feed to the demetalation reactor, is passed 
on to a hydrogenation reactor, i.e., the desulfurization 
reactor 36 illustrated in FIG. 3. The catalyst in the 
hydrogenation reactor is cobalt molybdate on alumina. 
The hydrogenation reactor is operated at a LHSV of 
1.0, a temperature of 700° F., a pressure of 2,000 psig, 
and a hydrogen circulation rate of 7,500 SCF/B. The 
hydrogen content of the liquid effluent from the 
hydrogenation reactor is signi?cantly increased relative 
to the feed to the hydrogenation reactor. This effluent 
is then passed on to the catalytic cracking unit 60. 
The gasoline yield and conversion from this 

processing sequence are now far in excess of that ob 
tainable by catalytic cracking alone; and a steady-state 
cracking operation is achieved with a charge stock 
metals input far in excess of that achieved by catalytic 
cracking. 
We claim: 
1. A process for the demetalation of a hydrocarbon 

charge stock containing metal ‘impurities comprising 
contacting said hydrocarbon charge stock with 
hydrogen and with a catalyst comprising the naturally 
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occurring, underwater deposit known as manganese ' 
nodules. 

2. The process of claim 1 wherein said catalyst is a 
manganese nodule which contains copper, nickel or 
molybdenum in its composition and which has had at 
least a portion of its copper, nickel or molybdenum 
content removed therefrom. 
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3. The process of claim 2 wherein said at least a por 

tion of its copper or nickel content has been removed _ 
from said manganese nodule by leaching said man 
ganese nodule with an aqueous solution of acid. 

4. The process of claim 2 wherein said at least a por 
tion of its molybdenum content has been removed from 
said manganese nodule by leaching said manganese 
nodule with an aqueous solution of a base. 

5. The process of claim 4 wherein said aqueous solu 
tion of a base has a pH of at least 8. 

6. The process of claim 4 wherein said aqueous solu 
tion of a base has a pH of at least 10. 

7. The process of claim 1 wherein said catalyst is ob 
tained by contacting said manganese nodules with 
hydrogen sul?de. 

8. The process of claim 7 wherein said manganese 
nodules are contacted with said hydrogen sulfide at a 
temperature from about 300° F. to about 450° F. 

9. The process of claim 7 wherein said manganese 
nodules are contacted with said hydrogen sul?de for a 
time from about 4 hours to about 8 hours. 

10. The process of claim 7 wherein said manganese 
nodules are contacted with said hydrogen sul?de at a _ 
temperature from about 300° F. to about 450° F. and 
for a time from about 4 hours to about 8 hours. 

11. The process of claim 1 wherein said charge stock 
and said hydrogen are contacted with said catalyst at a 
temperature from about 650° F. to about 850° F. 

12. The process of claim 1 wherein said charge stock 
and said hydrogen are contacted with said catalyst at a 
temperature of 750°-850° F. 

13. The process of claim 1 wherein said charge stock 
and said hydrogen are contacted with said catalyst at a. 
pressure from about 100 to about 3,000 pounds per 
square inch gage. 

14. The process of claim 1 wherein said charge stock 
and said hydrogen are contacted with said catalyst at a 
pressure of 500-2,000 pounds per square inch gage. 

15. The process of claim 1 wherein said charge stock 
and said hydrogen are contacted with said catalyst at a 
temperature from about 650° F. to about 850° F. and at 
a pressure from about 100 to about 1,000 pounds per 
square inch gage. 

16. The process of claim 1 wherein said charge stock‘ 
and said hydrogen are contacted with said catalyst by 
passing said charge stock through a bed of said catalyst. 

17. The process of claim 16 wherein said charge 
'stock is passed through said bed of catalyst at a rate 
from about 0.2 to about 4 volumes of charge stock per 
volume of catalystper hour. I , . 

18. The process of claim 16 wherein said charge 
stock is passed through said bed of material at a rate 
from about 0.5 to about 2 volumes of charge stock per 
volume of material per hour. 

19. The process of claim 16 wherein the circulation 
rate of said hydrogen is 2,000-15,000 standard cubic 
feet of hydrogen per barrel of charge stock. 

20. The process of claim 16 wherein the circulation 
rate of said hydrogen is 5,000-10,000 standard cubic 
feet of hydrogen per barrel of charge stock. 

21. The process of claim 16 wherein said charge 
stock is passed through said bed of catalyst at a rate 
from about 0.2 to about 4 volumes of charge stock per 
volume of catalyst per hour and the circulation rate of 
said hydrogen is 2,000-15,000 standard cubic feet of 
hydrogen per barrel of charge stock. 
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22. A process for the demetalation of a hydrocarbon 

charge stock containing metal impurities comprising 
contacting said hydrocarbon charge stock with 
hydrogen at a temperature from about 650° F. to about 
850° F. and at a pressure from about 100 to about 
3,000 pounds per square inch gage and with a catalyst 
comprising a manganese nodule which has been previ 
ously contacted with hydrogen sul?de at a temperature 
from about 300° F. to about 450° F. and for a time from 
about 4 hours to about 8 hours. 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

3,716,479 
24 

23. A process which comprises demetalizing a 
hydrocarbon charge stock containing metal impurities 
by contacting said hydrocarbon charge stock with 
hydrogen and with a catalyst comprising the naturally 
occurring, underwater deposit known as manganese 
nodules and desulfurizing the demetallized hydrocar- ' 
bon charge stock by contacting said demetallized 
hydrocarbon charge stock with hydrogen and with a 
desulfurizing catalyst under hydrodesulfurizing condi 
tions. 


