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Recent shortages in petroleum supplies has
neccessitated increasing reliance on sources
which require more extensive hydrotreating
and are more difficult to process. Use of con-
ventional spherical or cylindrical particles does
not result in efficient hydrotreating of some
sources now used. Recourse must therefore be
had to more effective catalysts for hydro-
treating if the shortages are to be alleviated by
resource to such sources.

In United States Patent 3,674,680 to
Hoekstra et al., there is disclosed a process for
hydrotreating petroleum residuum by use of
small catalyst particles of distinct shape, which
at the same time, have a majority of powes

[Price

index (as herein defined) greater than 1.0, a
void fraction (as herein defined) in the range
of 0.25 to 0.60, and when containing more than
two lobes, at least 159, of the points within
the particle being greater than 0.015 inch from
the particle surface; said particles each having
a cross-sectional shape and size which are sub-
stantially uniform along the length thereof, 2
ratio of geometric volume to geometric surface
in the range of 0.001 o 0.042 inch; a catalytic
surface area greater than 100 square meter per
gram, as measured by the method herein de-
fined, and a catalync pore volume of from
0.35 to 0.85 cubic centimeters per gram, said
pore volume resulting from a major portion of

80

85
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A\ circles of equal diameter connected to each 100
other by spacing of the circle centers from
In order for the geometric solid to be concave, about 3/8 to 15/16 of the length of a circle
the value of the Concavity Index must be diameter apart. When more than two lobes are

45 greater than 1.0. Since the present invention employed, the lobes will be of circles of sub- -

requires concave solids, the Concavity Index stantially the same diameter and will intersect 105
must be greater than 1.0 and preferably is  adjacent lobes to some extent depending upon
1.05 to 1.15. the number of lobes employed, and the center
area of the cross-sectional shape will be of
Void Fraction porous catalyst material, ie. it will not be

50 The void fraction represents the closeness hollow. This requirement is essential to obtain 110
of particle packing that can be obtained with  adequate particle strength and results in an in-
particles of a given shape. In a given geometric  crease in the particle thickness in the inter-
volume of space, a specific number of catalyst  secting region. Thus, although dilobal particles
particles can be packed, the number being may have all points in the particle less than

55 determined by the size and shape of the par- 0.015 inch from the surface of the particle, 115

ticles. Multiplying the geometric volume of an

individual particle by the number of particles
packed, a total geometric particle volume, V,
is obtained, If the apparent geometric volume

polylobal particles will have at least 15%, of
the points at a distance greater than 0.015
inch from the surface of the particle in order
to provide adequate structural integrity.
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50  to 36 weight percent of silica as indicated. liquid hourly space velocity in the range of 115
The catalyst particles will also contain from 0.5 to 25 reciprocal hour. Hydrogen flow rate
5 to 25 weight percent of molybdenum oxide is from about 100 to 10,000 standard cubic
and from 1 to 8 weight percent of an oxide feet, preferably 200—2 000 per barrel of dis-
selected from cobalt and nickel oxides and tillate. The reaction temperature is in the range
55  mixtures thereof. These constituents serve as  of 500 to 800°F. and the total pressure is from 120
promoter materials and are based on the total 100 to 3,000 pounds per square inch gauge.
weight of the catalyst particle. By using preferred catalyst particles in the
In preparing the catalyst particles of the hydrotreatment of petroleum distillates accord-
present invention by the preferred technique, ing to the process described, improved hydro-
60 precipitated alumina is prepared in accordance  desulfurization activity compared to prior art 125
with conventional procedures, well-known in  procedures using conventional catalysts may be
the art. After filtration, washing, and adjust- demonstrated. In addition, the catalyst particles
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spec:ﬁcally des1gnated Heating Oil Test 115
Examples 1 and 2. Heating Oil Description
A series of shaped particles were made as Gravity 34.2° API
55 follows: Boiling Range 435—628°F,
One thousand and thirty gallons of water Sulfur Content 1.4%,
were charged to an agitated tank. Over a Basic Nitrogen 35 ppm 120

period of about 45 minutes, 3,940 pounds of
sodium aluminate solution (28 %, Al O, and The catalyst particles were charged to the

60 about 15%, excess Na,0O) and 5,430 pounds reactor on a volume basis. Two 25 cc. catalyst
of aluminum sulfate solution (7. 8% AlO;) beds were used in series. Each of these beds
were metered into the water. The rates were  was diluted with glass beads to a total of 55
adjusted so as to hold the pH at about 8.5. cc. The beads were separated with a glass 125
When the aluminum sulfate solution was used  wool plug.
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4 used in the present invention generally provide up, the sodium

al um nate solution flow was reduced pressure drops across the catal yst bed
continued to bring the pHup to 10.5. The thereby inproving process
operability. bat ch tenperature was about [err] when the The invention
will be further described in final pH was reached. 5 conjunction with
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conparing the Average over a rotary vacuumto renove the sulfate.
Relative Vol une Activities of shaped catalyst Ntric acid was added to the
repul ped washed particles contenpl ated by the present inven- cake to

adj ust the pH down to 7.0-7.5. The
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Hydrogen Recycle Rate — 6000 SCF/Bbl

Three samples were collected at each tem-
perature. These samples were scrubbed with
nitrogen and then a portion was analyzed for
basic nitrogen by U.O.P. method 269—59.
The remaining portion of the sample was
washed with distilled water three times, then
analyzed for sulfur by the Dohrmann Method.

In Table III set forth below activity results
for these catalysts are shown. Equal volumes
of the catalysts are charged and both sulfur
and nitrogen removals are measured at two
temperatures as described above. Calculations
have shown that at both 650°F. and 725°F.,
the reactor operates in the “trickle” phase
(hydrocarbon exists as both liquid and vapor).
In Series I (Catalysts C, D, 3 and 4) the
catalysts were muffle calcmed in a common
batch. In Series I (Catalysts E, §, and 6) the
catalysts were muffle calcined in a common

plotted versus particle size as expressed by the
ratio of V,/S,. The straight line shown in the
diffusion curve obtained from the two cylinder
sizes and agrees well with theory. The activity
values for both the dumbbell and the 3-leaf
clover are well above this curve, a highly un-
expected result. The dumbbell-shaped catalyst
particle is not as active as that of the 3-leaf
clover shape on this volume basis but this is
felt to be due at least in part to its lower ap-
parent bulk density (ABD).

A similar graph for weight activities is
shown in Figure 2. Both shapes are responsible
for activities which are significantly above the
diffusion curve and of approximately the same
value. Again the results are highly unexpected.

Finally, in Table V data are given for pres-
sure drop for the shaped particles of the in-
vention (Examples 5 and 6) compared to the
1/16 inch cylinders. The catalysts of Ex-
amples 5 and 6 both had all the properties de-
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Sul fur Method. The activity results are shown of cross-sectional shape as

described by the in Table |I. Some physical properties are given pr esent
i nvention. A graphical presentation of in_Tahle 1l
the damis given in Figure 3 for the [err] 25 The reaction is

i nfluenced by diffusion and, runs. Activities of the shaped particles are
55 accordingly, the size ofk—ytre catalyst particle above the standard

di ffusion curve. 6 _ \ . . 1, 415, 417
[err] 7 @/ 1,415, 417
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1/16 inch 65 vﬁ;agalg&ml fve q%réh§§f/ o u ates were cyI inder. In
Series |1, 10 tcdﬁldfnh@ Bwaaq)ﬂmmbenofheucsmtﬁek-l n two seri &amm the foll ow ng

des- dat groptis ploits low|ABByed The preceyrr [k Fx
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deni t rogenat i Qightly lower ABD. ur removal 1s evident.
Al t hough the two series do not agree exactly (p055| bl e due 70 Gas Q|
Test to differences in the nethod of calcination) their

average results show that the shaped par- Gas O 1 Description
ticles have nore sul fur renoval activity on both Gavity =

[err] API a wei ght and vol une basis. Boiling Range =

490- 847F. In Table IV there are given for Exanples 75 15 Sul fur
Cont ent = 1.0% 3 and 4 certain physical properties of
the Basic Nitrogen Content = 515 ppm catal ysts. The void fraction,

catal ytic surface area and pore size distribution characteristics The
catal yst was charged into the reactor also net the requirenents

her ei nabove identi- on a volune basis. Two 25 cc. catalyst beds fied. The
significant dinmension in terms of 80 were used in series. Each of these
beds was generalized particle size is the [err] ratio. 20 diluted with
gl ass beads to a total of [err] cc. This ratio shows that the order of

i ncreasi ng The beds were separated by a glass wool plug. size is: The
catal yst was then presulfided as follows: 1/16" cyl. < dunbbell < 3-1Ieaf
clover < 1/8" cyl. Wth respect to reactions wherein 85 1. The reactor was
heated to [err] in flow diffusion into catalyst particles is inportant,
ing nitrogen at atnospheric pressure. the relative activities should
increase with de-



25 2. At [err] the nitrogen was stopped and creasing ratios of

The Gas Q| Test a mxture of 90% [err] and 10% HS by vol une resul
hOV\E e A—at v, v oA hic et e Y a 4
SCF/ hr. tage for shaped particles, that is their activity 90 for 3
m nut es. is greater than that attri ab
their ratio 3. The reactor tenperature was then raised of [e@/ I
anot her node of actioon such as 30 to [err] and held for 2 hou W t

[err]
ts

0
le to
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bul k mass tgansfer is affecting activiigys4ighen m xture as in 2 above.g
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tenperature correl atejwigth total geometric surface gtOtaI 95 was rijeduced
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This conpl eted the prepdl f|ding. relation is evident and jagain
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average relative v® urreﬁ%_'c ivities are 40 Hydr ogen Recycle Rate |- 6000
SCF/ Bbl plotted FerspbchprticBe Si 2 a5 expr&ssgd py theratim of |[err]
The straight |ine Bhowh i|the 7105 Three sanples™weTe coll eCted at |each
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sanpl es were scrubbdpd W #h| sizgs @ncgag(ees vvelll IWi h thelory. The gctivity
ni trogen and then -3|.pof EFoh was™anal yzed for val ues for botH t he Hunbbel |
and the 3-1eaf bas¥f nj Brogen by U O P. method 269-59. clover are |1
above this curve, a|lipgBky|un- 45 The renmining portion of the sangle was
expected result. Thegdunifbpl | - shapéd tat'al yst 110 'washed witH di stilfl ed
water three tines, tﬁe barticle is not as active as that of the 3-1eaf
anal yzed for sulfur| B t eel Dohrganp Nethod. clover shape on,this vglune
basis but this s Ipg glge 111 Set=forti bel ow3acti vEty r&uftsz felit to be
due at |east ingpart =i ts | ower ap- for these catal ysts are shown.] Equal
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renoval s are¥neasurpd &t 1w shown in Figure 2. Both shapes are
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which are signigicant| ~appve the Havg shown that at both [err], djfifusion
curve and of approxi gFy| the San® the reactor operates in the "trilckle"
phase val ue. ain thesrepults are highly unexpected. 55 (hydr ocgr bon
exi sts as both giqui g a%§ bapory. o i nally, ijn Table V datg age iflven for
pres- 120 In Series E (Cathlysts. C, D, 3 and 4) the sure drop for tlhe
shaped particles of €he inf catalysts were nuffle calcined in a comjon
vention (Exanples 5 ﬁenE & | conpared t® the batch. ol naSeries |1 fCatersts
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solute and relative pressure drops as a func-

mat eri al

the pres- additional

flowng air is neasured. Both
cat al yst shaped particles of this invention show about

20 the sane pressure drops and a consi derable
Tabl e 1,4is41Results are vantage conpargd to the

rotary cal cined as were
catal ys

ad- Segg es |1

as was tion of flowrate are given.
Examples—3-and4-—-and-the-sane-test
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of cat al

Usi ng the sane cat al yst
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st—are-l-oaded | nto—a—tube—and

accordance 5 sure drop from
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