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foll ows: Figures G‘hamlal is ichdrged tisna the racfbdhmblaeiviti'és on botmewmmustamlmidsxs 75

thirty gall on oYoluspst Eyo 258 4 P%sﬁ“bf hF%‘“i’% iyjties S |
e chafea 1 A STy &Eﬂ‘ R Eh
Jors:

D=0. 0473  of abﬁutgep& Mfikerest Co

i nch; mwws&turﬁmmﬂw eatl setigs e 1/16 80
Figures 7 and,7An ity ITEEt'F"&'Pé’ i?r Emefgm “‘° gﬁ' F;J‘daﬁcP’IS‘OQSG

of al um num c%)onf I'gu a"ﬁg(%p

(7.8% [,err] ar ea niree ed |ﬂmm°/onn,sab)e Icaﬂys ,lmdap)o 092 i nto

t he water heel . eriatnesyedam aluj alysdat B8h, qhds%fﬁsol ®oth [the ve weight and 85

20,0 Ponel iog 1€ STRLAC I, when e LV B S e

" 2
t hree- | eaf um fmmr and néfh& With | the UTARAAIPIn § m&"ﬂnﬂva tion of

tril obal confi guHgH,®mixpire ddin2. i Nvent i on sodnuuatalpoim whitheis ot bliead 1w i S

continued wherein% d? jtheny hyre] siaFr‘é‘ y ssselfl t*b smlpm epi0
of the batch 4p 0 81 c ""“E"

bat ch tenperaturwhos RO A g w}meh,to aif non) then- average
when the final pHis reached Fi gure 9 ill ustmsrdtsesbovmnﬂmnm mndlmmﬂshwval

The resul ting al ufem ??P wdR¥R.s fil|- 3@°r ‘Eﬂﬁfqvﬁlll"h?qﬂbhwﬁ&h‘ 95
contenpl ated by t ‘)Nashed (using ?% bQ fokth le\é@r:hJ: Wﬁgﬁl on;

a rotary vacuggn fi cﬁrm\ae_lwsép}g@tepropaﬁuFﬁngecaﬁQm |abeli givrend U8 AN
undi nensioned Nitric alglqél is added to the sienifidapedimensior indtetmst of ageretwlived

configuration of (Thies simpkernrd afiecredcatlescht @madiffele fiit. ity fagio. 7This matig 100

The Figure 11 i Il’%ﬁt‘? sarpplen @renres neith r i ngy yw $ iﬁ;%’:&
washed over anot&ﬁ%ﬁuﬂ%aﬂ/ﬁrﬂﬁdﬁkg atte diffasion hh}her to
renove the [e.{d]Tﬁd’llrﬁmﬁEgEB&hﬁn,of the samplc ,  Uve activities #eewns. n
washed sl urry abwasediwi ” @@ﬁ@pm%

dried to give a %eém& 1s a lD"e pafotvlaehﬁé‘xpdcﬂdla the
The spray dried ed zearddst If tmthmMndl s:;an#dne

| arger poundg) acﬂwtyhnesgedo:tmeéh&fwh&ﬂr(lﬂ opore
si ze and the snaibthegnd 14’26 mrdéatob sycatsed to T ga,f, cm‘ é to
showi ng *t he rel a “ebf“" mnwmmrmﬁgcbdamﬂénb ulﬁmm
(28% 105 to t &ﬁm

the activity resjles %ﬁ cotreleowith ll;oyd 108

pounds of cobsl tlnl:blgd:ﬂ‘tﬂatltﬂffdr&t ahafiéda crnul ﬁ'ﬁf{c‘g E,ﬁ&m dg#?mﬂ of}s

(16% Co@) are adpfemsadilp compared, P"“‘c“’ s"‘ is defined G U e dumbbells pack much more

of its volume to extermal surface .
rauo, V,/Sp. loosely than the other particles.

o In Figure 1 of the accompanying drawings
55 lli:dg'r;s?:m 2) sol;apes % 3;: the average relative volume activities are
:lyesi e the - “diabbell” m"“”other has Plotted vs. particle size. The straight line 120
beengm ed “Bdumbl caf dbc » “The particalar Shown is the diffusion curve obtained from
Jeen termed a - o pa the cylinders. It agrees well with theory. Both
‘dumbbell” is illustrated in Figure 6 of the

. . . the dumbbell and the 3 leaf clover are above
60 ﬂ;“;:‘aff”:lﬁg,, q:amgtiatzgdi thFel_ pamsmlar this curve which is a surprising result. The
1 n Figure o. dumbbell is not as active as the 3 leaf clover 125



against tine of service use for catalysts of mx. 45 the present
i nvention and a conparative cata- The batch is mxed for a period of
about lyst in hydrotreating of petroleumresiduum 10-15 m nutes, then 75
pounds (ignited 110 The invention is illustrated by the ex- Dbasis) of
alum na powder is added to the m x, anples which follow wherein all parts
ng after which the batch is nulled for an addi- percentages are by’
tght unl ess otherwise tional 10-15 mnutes. 50 .specifically
“l-Uus rated ';1 Qs | t he deS| red dle (shape of extrudate)
The € ~uded -
t hr ough oam?nexohmzbllﬁsnt atriym mmd bbtylusel t!herpraairetdrqr fzom Niowingr ab‘esh g- _truder

(vl di ngf ABD- . 201 aasyed. P #‘ﬁ’gﬂ Spdiglescafafislies i | TUstrate
use  Thendgx u‘ill 3g§ of Wel ;%Vggs 5 mnon show Fii :2 i cl es of
this 5n\¢ﬁﬂ§'IMellﬁe ra;msma OSbsn mg,nnd'moau tikNaork N@Boréamd Ci Nned 55

dr ot reataP VI fuelﬂ%ﬂ fogditign) | compaged & thedpériathure of [err]
F. for escy in sﬁw “&?Bel'tl% "’We'l'j\?gg'ab,ove

pr ocedurﬂf-e 146 ampr - ﬁmm m7ertion in
hydr @ sir® drnpﬁ) pqadme drdps las aJ laladeslﬂc roefternnededt siz AV, /8) p{docesses

i nvol vi r?ﬁ\ en. In éusbeqtov@hzlﬂxémr 4BDA B C D E F and G
duuns. ?@P‘Q‘V‘édﬁ)ﬁg"&é advant- and L and Mare prepared in

essentially the 60 ages in act|V|ty as a result of catal yst shape sane
manner except that the cobalt nitrate are shown. In the lettered group of
exanpl es, solution and ammoni um nol ybdate solution 125 no specific
advant ages with respect to pore wusage would be adjusted to give a 6%

di aneter are apparent so that details as to CoO 12% MdGs content as
opposed to 3% pore dianmeter are not presented; the pore cobalt oxide -
15% nol ybdenum oxi de con- 65 dianeters are however within the scope of
tent of Exanples HK 1In this series nornmal 1, 446, 175

5 "1/16" and "1/18" inch extrudates (cylind- In Table | set forth ,bel ow
activity results ers) were nade for reference purposes. These for these
catal ysts are shown. Equal volunes catal ysts and catal ysts of this
invention are of the catalyst are charged and both sul fur conpared |
enpl oyi ng the follow ng descri bed and nitrogen renovals are neasured at
two 5 Gas O Test for desul furization and denitro- tenperatures as

descri bed above. Recent cal- 65 genation

cul ati ons have shown that at both 650 F. and [err]. the reactor operates in
the Gas G| Test "trickle" phase (hydrocarbon
exi sts as both Gas G| Description l'iquid and vapor).
In Series | (Catalyst Gavity= [err] API A-D) the
catal ysts were muffle calcined in 70 10 Boi | i ng Range=490-[err].

a common batch. The series Il catalyst Sulfur Content= 1.0%

(Catalyst E-G were rotary calcined in Basic N trogen Content=515 ppm
separate batches. Activity results are displayed in terns of percentage
renovals and relative The catalyst is charged into the reactor by
activities on both a weight and vol une basis. 75 volune. Two 25 cc.

catal yst beds are used in The relative activities are the nost neani ng-
15 series. Each of these beds is diluted with ful nunbers. They are
sinply defined as the glass beads to a total of 100 cc's. The beds ratio
of second order rate constants (catal yst are separated with a gl ass wool

pl ug. activity) for the catalyst of interest to that of The catal yst
is then presulfided as follows: the reference catalyst. In each series the
1/16 80 1. The reactor is heated to 600 F. in inch cylinder was defined
to be 100 activity. 20 flowi ng nitrogen at atnospheric pressure.

Rel ative activities can be sinply interpreted 2. At 600 F. the nitrogen is
st opped and as the percentage of activity of the reference



a mxture of 90% H2 plus 10% [err] by
vol unme i s passed over the catalyst at 0.85
relative wei ght 85— SCF/hr 30_minut es vol unme
sul fur activities of the shaped parti- 25 3. The reactor tenperature is
t hen raised cles are greater than that of the 1/16 inch to 700 F. and
held for 2 hours with the cylinder. In Series Il, wth the exception /
[err] mixture as in 2. ‘ one data point which is not /'-,./'
believed to bg 4. After 2 hours the reactgjgfzgnperature statistically =~
significant, a srmlar advantage 90 TS5 Teducted to4560—F—wt+—fe++

flowi ng. ~for sulfur is evident. Although the 30 This conpletes

t he presul fiding.

two series do not agree exactly (possibly due

catal yst (1/16 inch cylinder).
In Series | both the

and f or
“AITOg O

r enoval

The process conditions usedu eéas,.ifol lows: to differences in calcination)
their average results shqvﬁlﬁt hat t fle ihabed parkidl es lhavde Tempefature =650
and J[err] nn{l'fe sul fur renoval activity on both a ight 95
Pressure= 750 psig 2 | Sk and vol une basis. Space
Vel oci ty=2 LHSV 2 “3 ‘ A Y Tabre il setl fdrth bEI ow, the
physi cal 35 Hydg geh Recycl e Rate= 1000 ScF/ bdl propefrties of
thet pa]t alysts ar et ﬁEVFg il'hg Si ?lgrlhq%antg ;:I! @g%oghl ng er, of% general i zed
particle size is 8 rilseati O. IS rati o re€ senpres are
collected at each t§ Fhows that the order of increasing size is:
perature. These sanglles er”e%%cr&bbﬁdavi th nigreggeg ang agpogtipr is then
anal yzed for 1/ 18" OJI .°qduibb@l =3 | edl €l oVer <™basi cni trjogen by
U . O'P. nethod 269-%9. 1/8; ICyl. Wth respect to diffusion therela- The
remai ning portion of| the -s:ajplg i8 Five acfivitijes ghoyl djingrease with
decreasing 40 washdd vvitgn“ istilled water three tines when [err]. The
Gas O | Test result, (hewg,| 105 anal yzed for sul fur by the DoRrnmann
sul fur do ot cor|r gl tzea ith [érrl. Irather,l they dnallysis.| $ince this
is a di'ffusion=®nflugnaed sHow a unexpected advantage for the ghaped
reaction the size of |tfE pau:.tic%e Aaf fgects i wDa_r_ticées. | f angt her node
of mass transfex 45 Ectiaﬁ . ResBl 3 for ge?e 2t wo §y|§nd”'ers(1/8
is affecting tie resylts, %)ul k mass transfer, then one m ght ex;&lect t hat
the Gas O| Zesg 110 inch“#hd 1£16-i Rgheext rgjda.es,). arg usedytq, [results
shoul d correga% with tofal@deoret®i & et abS sB tHe dff fUsiDnelrve.
Activities m gsurfgce (total surface in Table Il1). However tained for
shaped partiﬁles are |t heg gonpasedy whe activity results do notfcorrelate
with total to tdle diflf §son curfe &t ceqdal plartliclle silzel  burk hce and
agai n show an upexpeqt@d ad- 50 be readily conpared, particle size is
defined vantegge f9r Zhéppd pasticc| @s. The ABD values 115 jn tprms of its
vol une to exterz@al geraSe show t'hat Ith dlimbbel I S p ck fuch nore
ratio, [err] 5 | oosely thah the other
particles. In t%is‘ﬁtudy-‘:‘w‘t (2} ghapesftoher tha v Ip Figurke 1 of the
acconpanyi ng dr aw rigs 55~ yli e ferd made. SOW o# tEes'le LIh s been
the average relativevgly acté VL,“ es are designated the "dunbbell". The
ot her has pl ojted.?,v pattixl § sfze JThE Praight|lipne; [120 shown is
the diffusion curve obtaPned frombe&n Tern®d | 2l eaf clover. [The
particular the cyli rEders. It agrees well with theory. Both dunbbell is
illustrated in Figure 6 of thegthe dunbbells and the 8§ |eaf clqver are
above acconpanying df ami ngs an@ the Spagtic@ ar §hisgcurvg whijch is a
.. ] " = "o o= . > — . =A

urbbel s not as aftBve as tue 3 1ga0cl agerdil 963 8 90 ®
1, 446, 175 é’g, = § § e 2 E 818 |cD tﬁwigvial ume basis at
least {n part because®the préssAre» drop FfrRAmM=¥I[Gwi By =aiT |is of its
| ow ABD. 2 A measuy ed. Bot@ shaped parficles of
this in- =y = < @0 <

- ol E [SAT 9 OM
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A simlar graph for weight activities is vention show about the same
pressure drops 15 shown in Figure 2. Both shapes are signifi- and a
ignific. : ge 5 cantly above-the diffusion curve and
haye (about 40% |ower at the nore inportant approxi mately the sane

a t fvity. flow condition) conpared to the 1/16 inch Finally in
T t\l 1l pressure drop data are cylinder. For the dunbbell the | ower
phnes- shown for the shaped particles conpared to sure drop is a direct

resultg of its |ow ABD. the 1/16 iipagamylinder. Both absolute presg For. the
3 |eﬂ7mm—mm—mmwm essure
drops as a |saa§re5ult @f s increased size [err] and function of—fl ow

rate are given. YRl this tBst” |slightly | ower ABD. 50 cc. of catalyst is

| oaded into a tube and 1,446,175 0 8

1,446,175 =E. | - 8 9

1, 446, 175 2508 = | = 2 9 Exanpl es HJ.

H2S pl us [erH,b,Ff, f Fowi ng at % SCF/ H. at 25 Additional exanples fgr shaped
catalytic at pherl Cc pressurne. particles are herein reported. A nuller

m X 2. TEe Iyst is then held at 700 F. in prepared as descri bed

above of a fi@;g | & &hig rxture for 1 hour. 5 oxide, 15% nolybdenum
oxi de bal a QO M3IS TRe Peact|or tenperature is then | owered al um na was
used to extDu e these Particlgs under flow ng hydrogen to [err] F. 30
(1716, 1/8"gcylinders, dunbbelll and 3 |eaf The process conditions used
are. as fol Is&mﬁﬂir@/ep;) QAQgilvities were obtained on a Heating Ol Test
described b $F S © o Tenper at ure=600, 700 F. Pressure = 500
psig 10 Mea Test Space Vel ocity=4 LHSV
Heating Q| DE‘SCI’I tion glBaglen Recycle Rate= 1000

SCF/ Bbl 35 g;E %“:[&r}: ARll Boiling Ranget3d3bg[ egri= ©
Three sanpl efgre &1 &t®d at| each tem @u%ﬂm Content= 1. 4%
per at ure. These sarrpl es are sdqrubbed with 1 oBaS| c Nitrogen =35 ppm-*

causti c: stlc and fijnally water a i Shef a:e:l en sent for
Dohrmanr[ﬁSuI f@@ S?EE L

& afal szst lijs charged to thg®reactor Dy ™ anal yses.
40 vol u:g cat al yst| beds g e useck 5 he agtivity|results are
shown Table V. in series. |[Each of°these |I'"uted with The
resuIFs how ant a:ge"foz; shaptad gl as® to a total |55 cc's. The
beds Hr & par?%@fEEoAcgrapmcal nt ati 9.:. ghﬁod&-ﬁ&o?B separ at ed
vvith@gl:ass wool g ° venlnFl Pe < for R he [err]. point.
The cataQ‘Fyst s then presul fided vﬁa @he Aqgg\Qtles for the shaped
particl eB ar e Bhoue BI5& ol Gilng scheafe: 2 8 8 8 t he
dlffu5|cﬁ cur‘gE"’@ r% By, Spiydi cal pridper ﬁ'oﬁ] carlalyst" {s heated from
roomterf ti%% of!the catal ydt conpared areogld/fen in perature to [err]. in
a mixture of 10% Tabl e V. SES 2 3 6 @
IAER I 1o
2ESE 2 S8%
sE"5lg 2 8 8 EEGle — o =
Z<”
izl @ &
aglg | 13
< ™~ N -
B3l S 8 8 &
2] o © o ©

C 3 Leaf Clover
D *1/8 Cylinder

Catalyst
Description
A “1/16” Cylinder

B Dumbbell




TABLE |1V HEATING O L RESULTS % Rel ative Activities Sul fur Renoval

Vol une Wei ght Catal yst 1D Description 600F [err]

[err] 700F [err] Jerr]l H tiiiet tnpeh-eylin — : :

100 100 100 100 | Dunbbel | 43.0 87.3

88 107 106 128 | 3 Leaf d over 49. 6 88.1 -

115 116 115 116 K 1/8" Cyli nder 44. 0 85.0 /...

92 88 ' 87 83 TABLE V PHYSI CAL PROPERTI ES Vol ume Surface / /-

particle partjcle Vp Lengt h D a. Vp 14461%) [err] PV ABDCBD CS 9
CC/

CS/L I D I:ber‘r:r.u.'rull 1T, } I

g/cc g/cc Ibs. Ibs. /i n Ekanfplﬁ HG”J i nch Cylcl ”?ﬁfﬁﬁ’:rio%i%:mf%% at 6&6‘%4%' o
. 0112.50 .71 ‘7 are herenn §po°' 2. The catalyst is Hfefl held-at 700°Q9Q|838
.0704 . 0119 .50 p d as described above of & 3% cogltLEB:stnBMﬁl‘tor 1 hour.
. 000933 0695 &584 15%1 molﬁﬂenumd%:;xlae &la§&74mﬁ Thy ?:%ﬁgﬁ@gfg O'(S) ‘-‘l‘:m lowered 201
. 115 00209 0@711“ /these ﬁ‘“ B 7

1/16, 1 cylmders, dumbbell an S d are. as_fo
1 446, 175 - (o%r_ée ctht_:esw obtained on a Heating Loé’ \I}fe (ﬁ&S Otll-l TEST

ACTI VITY RESULT dVvities Cat aI y Sltemperature =600, 700° F.% Sul f ur
Renoval Vol une oi - Wi ght V@%gqggfgsng

Description 10 [ eHequng Oil7 650F 725F H % ) Y 1000 SEF/BHI
CL Fi gure 8 0 5@"%"“" 97. 8 177 HYAPRS Recycle' Rate7 4000 SOF/BY 1 57

- 0139 1.04 M Boilin Htﬁge 3ni628°F. 85. 3 O@Ihee samples 4bd QollectéAGat each tem- 104
74  .0154 1. O&MEABhtEeﬁtﬁFH%HYSI CAL PROPERRyrwe| &hse Hagréa% are bed w"h Sp

Vp/ Sp PV ABDOBD Basic Ninpeent35¥PMescri pti on Ty are then “ﬂm

[err] in. cc/ 9Tfd Ghal ,gea tol S rehdrét- byl Mafsese Eight (Fi g. DraW| nga)
.181 - . 0007 efume. 06’?145 81 alystS&ds akused 71 Thszwwmg;esﬂwmﬂsm nP’iF@h!eeW Fig.
5 Draw ngs) lﬁaéhes Each of 16¢ W‘“Ol?}ﬁlgﬁlf s‘;ggw b 7 for ¢
Exanples |-- glass beads to a toual’ 5 fec is! Yin gﬁlgUﬁt 3 férN@e aﬁﬂ°|w it

val ues 40 Us#gng%md W‘““‘,%ﬁiifa’ mf,aatail;&] asnvmmorammdtpenbls ama fabeve nd¢sed
by the shape facﬁ;nuwmgsﬁ(émtn Exanpl es A-G anébctdrlfélslslawet @QP“Y:Pb)WtP"?PFfom
any influence resi Tl‘mggﬁtlrpmd ft"ﬁ‘b%‘“ al e O B r AR RPORTL PR 1Y s
were average pofE™t & FH g“ﬁ“é'eappalﬁently the Series Il catalysts in
Table | herein- due to the fact that thEABEEIVGi | s have a rel a- before.
tively low boiling range, reflecting relatively 45 The shapes studied were

a figure eight with |ow nol ecul ar leﬁ%? nts, and are a small
anmount of concavity, C =1.04, and aﬁﬁégis}?a%ﬁlal rge

conponents. 10 flat plate which is nggﬁﬁxrg%mo\;al 00, vta@‘dn&t{"ﬁmm\l{ﬁl { he

nuneri cal exarrplc%&uetm beicﬁbh&w a no 6UOSF SETRLtON. 606_‘*175'56_00°F
results are ydr-ot-rera’trrr?—rs—e ect ed—O'n—pE't‘r'm‘E‘Um rest -
H *1/16” inch cylinder 86.5 100 100 100 100
I Dumbbell 43.0 87.3 88 107 106 128
] 3LeafClover 496 881 115 116 115 116
K 1/8” Cylinder _ 44.0 85.0 92 88 87 83
TABLEY

PHYSICAL PROPERTIES

Volume Surface
particle particle

v
Length Dia. Vp Sp Sg PV ABDCBD CS CS/L

1.D. Description @in.)) (in.) (in.))' (in.* (in.) cc/g g/cc g/cc lbs. 1bs/in.
) H *“1/16” inch Cylinder  .142 053 .000316 .0282 0112 .50 .71 .76 123 93

I Dumbell 177 — .000838 .0704 0119 50 60 — — —

J 3 Leaf Clover 180 — .000933 .0695 .0134 51 .70 .74 233 174

K 1/8” Cylinder 201 115 .00209 .0934 .0224 51 .74 .78 27.7 223




shown in Table VI. The average results from duuns, which contain netallic
contam nants 50 catalyst A and catalyst C were used to cal- and have a
h| gher hoiling range thangas oils, culate the relative. activitiesin-Table
To reflecting relatively hi gher nol ecul ar weight 15 sinplify the
data Interpretation the average conponents than in gas oil. These
rqglertles relative weight activities [err] F. and of the feedstock
rocessed have been held to [err] F.) is plotted as a function of particle
i uthce the specific average pob#6dlSameter 55 size in Figure 40 In.
general those partlcl es of cat alr tl%vghat can effectively be enpl oyed.
with a concavity index, C, equal 0 fall Therefore, in the nunerical
exanples the 20 on th@@l@ﬂU’EESTnAG’ﬁM'EY RESELTBgure eight with average
pore di aneter values are given. C=1.04 falls above the diffusion curve but

not as.hj as those e Activities Exampl e 1. These
data tscq?@ﬂpopg%%g&t Ws%eckﬁ gFalmﬁPuSﬁi pr epar ed
c
hydr ogelL in ﬂxeret’imht uQQ}Zi t 0978  ti@noHat r at ed20 hat 115Pr ebBpabl o4 gshoul d
be prepare trike he ul t eC|p|t e in_the nei ghborhood of
RE"C iiPpidle 853, 66? Llla ga Bmoni L“mh@ﬁ?a- 199 wi 11

1.10. was“wash fre Lts be
apparent that the above- nolybTU&BEEVHrr] and water were descri bed

i nvention and paraneters re forma spray-dryer feed and
spray 65 freshly prepared kﬁﬁ‘g@"&"%@%ﬁs of unique drying was carried
out in accordance W thpegm fv 8D ERPS cHOlcspont enpl at e
con- LDehéscription procedu(les (ment fifkj!lal (nﬁ)at sdc/gsfya@@dcamd fob. A having i m
To 35«31]‘00 ndsso 'Eaﬁe Spray dried powder pertf scri oM thereirmof—the type that
may b % pouggs of | | s¢4i bed as kni cks,
chi ps, abragS| ons, %?alnds%[j terswg‘{:oﬁé}gntb?%tgg [dgrr?]e ﬁfe mﬁgture was 70
and t M Flatglate | ed to an extrudabl e

consi st entfE-ARI2YiAEh 35-187 | =R °§7M°1§4néﬁusqsve72 t Bt atfdant ages -
extruded using a die containing orlflces In-the 1n activity Tn processing
gas oils is ap gal!mplu Le-lhhver-l eaf " dﬁhﬁelgxtd,udata&i&:ty\ﬁmudrmed for

catal ysts d‘rﬂbt tﬂwﬂ inflpe: PY}heGhade#GOIG hours and
t hen csal g ge e’ r] C o for 1
hour. ™ the Series II catalysts in Table l:DﬁihE ua fact! that{thEgab AMisMaVeoh rdlRL €1 Al MAY

An 800 gbeam port ion of the cal cined aixely low Hofling range, reflecting relanvely 45

1, 446, 175 The s studied were a gun;&ght;axﬂ: low molecular weight of;. aad a8 s
| pr egna é@“@mqtm@éum ke “sﬁ%ﬁﬁé@%%%m d whi ch con-
55 sol ut & ash-carkulak3os I’r]:sults rlh dr&ﬁﬁhng it lefiécRa dnwlame deds in

seri es eshewn ifT 1e5’3 @h megliic tcorgaminapis Urf@ of 100

M },mﬁt‘“‘ g B %!mg @tﬁ@%%ﬁﬁf Lhen

anple 1,re t\/\mueac(hsmn I Wlof the rHeides are given
in Tabl e725°ﬁ1 'F |Pl ?s aég 5’9 smctflr-l Tager fe041 Vbl |,

por osi t y3is ﬁﬁ M%& m xed. In

t he cmseed éifﬂki The figure etght w1th average dxameter values afe atal yst of
Exanpl e €= ltohefallser:hug\m %&ffeﬁ%mlgued wi t h 100 milli Ldlet ers of catalyst

al one. ater e cat al ‘were pretreated in a
7o oD s LI W oy “taéf;att” R B e o "o0o
F. ama$ t beaonseoed aai cRief |cn s&mryemp tepdre alle ﬁ@tprtctmmdryl ng

with a gastéomhmrm 49. mol e pememshﬂrf@be tum extrudate

was carr PP ‘“ ‘Be F""l n_the
presenceﬁegﬁfgu"m{’ﬁm&%% & V¥en &Blﬂ%ﬁff&m %?%ﬁ% 53%0#)6%2

pr essar esizfan Gha daloesaoummd:pmecobeneam I precetrisal yst particles pounds per

square iy a1105tal hﬂrva!ekm- TheT der|n the”
i e e T
e st'oc

pri or t oana omuna @raﬁﬂﬂflﬂilﬁscom&n@%d then
In Example A—M, inclusive, the advanmges extruded using a die containing orifices in the
in activity in processing gas oils is apparent “clover-leaf” shape. The extrudates were dried
for catalysts of unique shape. In hydrotreating  at 120° C. for 16 hours and then calcined at
gas oils, however, a wide range of average 650° C. for 1 hour. 75
pore diameter in the catalyst material may An 800 gram portion of the calcined ex-




subsequent to inpregnation.

pl yed: Extrudate properties are

also given in Table VIII and Figures 12 and 13. Kuwait Atnos. Resid. 20
Gravi-ty -ARL —22-4 A

Conparative Exanple 1.

spray dried precipitated alum na was

Sul fur Wei ght Percent 3.

6

75 prepared according to conventional pro- cedures. To 20 pounds of the
al um na was Metal Parts Per M |1ion added 5 pounds of si |ﬁa‘-
hydr ogel of \Y - ' 45 25 7.2% calcined{ -4/
solids, 2.84pounds of N 1,446,175 12 [err] [eril
2. 68 pounds of T N
289 [err]_. [errmﬂ[’vgfﬁmﬁgx’e ated w. dth);%l ?ﬁdwsmtwlemacmgﬁsrﬁﬁd\%ﬁém 55
urea, 14.0 pounds3 \gamerureal‘l‘h'e mt adlum® oD 160Mmillllicees. @d tHe vaserof aket Or .
pounds ammnl a h Fd%?"d rfedm'rheca%mﬁtﬁwn@e rlrap‘h

reaction 30 8

wei ght pol acryl am
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and ex- Tenpeanurlé. the cataBe df (Enaheplk 23 she'bedsoneeer eathe af

extrudates. The ex- Li ayid rI y Space t rfil t“ef!; Wr*@“’éﬂeﬁe‘d atﬂlyfteﬂ? for
16 hours Vg OCiH¥ procedure of Exampi B wad fofibned OCah m’ét‘ﬁmw Gs
for 1 hour. in every material detail except that drying with a Wﬁﬁfehd es

are al so given i sndfcalginiog
Figures 12 and 1
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pounds/i nch’

of the

? epresenceofaposmveaxrflowbypl;c—
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theél tidying aeiha@leining Sewcirior
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for 2 hours at an absolute pregguze of 50

so@'ﬁacuon, a resifidth 70

6l1oWing properties was em-
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gauge 40 inventi Hmpregaptionhe pri or, H@ehpar a- tlve Exanple 1) are
the total pore v %%‘“EP’W ‘g‘&‘{) glfre intervals of reaction, the
mean pore di arreter and conpacted bul k percent sul fRiwajt AN ResHAS

determ ned an denS| t y Comprentiven Etagnpled oper t y bei ngGramity &Bhced t he2diat a
plotted as a funct! gprbLfdned peecipitatedg aly ‘ﬂ?al por§“1§lblwawbt Pm‘ 3.6 75
operation. In th %OW&WH Pro 4 %;.g he specific
di stribution of adaadesr s\Wek €silica d @ydr dfesul tsvare shown pore d45arreters

in the catal y2d

appr eci-at ed t hat C(NGspx; §H:Q5; 258 poungs

pores of catalysts of t((m{mg,
catal yst 100 invention are

i nvention than fé#;ﬁﬁ‘ l Eé?

catal ysts for acmulledabah
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Exanpl é 2Table
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Exanpl e |
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AaVer ¢algined ceolids, | 2184 oguod;
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ruesamalsogwenm'l‘able
B amdd3.Pr operty

hgrcatﬂysm seen that” the

of t:xe present
art (Compara-
tive Example 1) are the total pore volume,
mean pore diameter, and compacted bulk
density, the latter property being influenced
by total pore volume,

In Figure 12, the specific distribution of
pore diameters in the catalyst materials can
be seen and it can be readily appreciated that
the majority of pores of catalysts of the present
invention are within a narrow range of di-
ameters in the range of 40—90 A units as
measured.

In order to evaluate the catalysts for ac-
tivity over an extended time period, the fol-
lowing test procedure was employed.

it can b‘ﬁ,f
nm@hat sul fur fefoval

narr ow r angliydrogen g
tbfs mﬂth@drfsmg@ thé topQof
n‘E"ﬁ‘FE&%‘uF‘EHE reaction

8ily seen the
is greater
s-andﬁirehblﬁmpm

n or €r to evaluate the

I nventor (o} 12
@, ddditiehrad | | . 18!xb°~ fbarrel
Total Pressure 800 poxmds/mch’

After various time intervals of reaction, the
percent sulfur removal was determined and
the data plotted as a function of time of
operation. In the case of Example 1, dupli-
cate runs were made. The results are shown
in Figure 13.

From Figure 13, it can be readily seen
that sulfur removal is greater for the catalyst
of the present invention than for the prior art
catalyst. It can also be seen that ss the time
of use for a catalyst increases, the prior art
catalyst shows a much greater loss in ac-

3B feagtor]

8. be sWNen and it can belxeadily
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ﬁ!hl gFeat Tempetrtige | N ac- 725§°\R.ty over gn
vlnlehan dob%‘:lﬂﬁ'éﬂldlaﬁm%/st of the
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tivitv than does the catalvst of the present 105
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Pore Volune [err] m. 0.49 0. 47 0.76 Pore
Vol ume (Hg)* . 0. 45 0.41 0.75 Surface
—-Area [err} fer+ti- —237 - 211 Surface Area
(Hg) * [err] 243 254 195 Mean Pore Di aneter
(Hg)* 68 54 146 Conpacted Bul k Density g./1
. 80 .55 Particle Length (inch) 0.114
0 135/' 0.12 Maxi mum Di anet er (D) (inch) 0.51 0.51
3 {onposi taojr\r/b\&el ght Percent Cof446,175 o 443 i
1Z 1Z ‘
[err] JABLE VIIL 2 2 [err] ~
Bal ance Bal ance SHXHRED EXTRUDATEPROPERTIESQl € WHAT VE CLAIM | S: -
1 or Claim2, wherein the void fraction is 1. A porous hydrotreating
catal yst particle in the range of 0.35 to 0.50. ha\e mgr%t corrposrtlon
corrprl si ng a:r(;mhpr 4. A catal yst Ega,;,{,]b(pl eE,@ﬁ,(f,Ql’zdl gga,,fr;pe,any pre- 355
portion by weight of aI um na, opti oprakr—4 —-eed-r—n wher ei. he
rati o of ge 6 V\el ght percent of er , based on the volune to
geonetric s % lhe range t ot wer ght si i &%nd al um na; from
10 of 0.005 to |nch to 20 weig t percent of nol ybdenum oxi de 5.
A cat al yst Fft"i"d"éa qr"ng to any 2@‘! e- and a-total 20f 1 to 8 weight
percent of “%‘b'rﬁ&*@rar/ﬁr wher ei n?the cat@%tic sudface 40 10 oxide

sel ect ed fr iR PbRIDiaRAEk (ARpIe! Oxi degg area isg great ggg than 200 square
nmeters per and m xtures thereof, said percentages being gram based on the

total wei ghtCompacied Bulk Renpity gl 6. A cHtalyst Brticle-¥ccording to any
pre- particl qle cle being in for I,Ng Claim wherein
there is prggglﬁ? uggt?g’;ctgz)ncave geonet r(?g sol i gbgssa d s&dlzd being 5 weight

percent of Mixinngn Bametr () (lpelded on 4B5115 ch@shcteri 2888 by a concavity
than 1.0, a void

i ndex great thte tot. Ivaei ht of silica and al um na. . 0,

fraction inmmiﬂg_ 7. A catalyst particle according to any to
0.60, a particle size defined by a ratio of preceding Caim wherein there
IS present up geo ric volunme to geonfktric supface in4dhe to 45 weight
percent of a zeol §He*based on the ran of 0.081 to 0.82 inch, a catal ytic
total weight of zgqb,l te and al um na. BalanCCSO mlanwrfmnag ea greater than
150 square TMETETS 8 A Tatatyst—particte—according—to—any pre- per gram
and a catal yti cl4Bofentactrpgle in the ceding Caim wherein nol ybdenum oxi de
is range of 0.35 to 0.85 cubic centinmeters per present in the anount of 12
wei ght pem@ﬂt @@Mdﬁd—pore vol ung me@aiintz inode veid femtbndobal t oxi de
in the gn u‘hac Inpe Fiystope rt}“dhe °095°d|arreter in the

percergt poruonbywezghtofal ina, opuonall up oedmg err:’:l m 965 Angstrom
uni ts "Where weight thagad loh kel evamorocgem cOsufFity lprnemerm@&ured with
mercury tal ﬂpslt@f 56@0@@ alumimdi figm(J0ai nfrO@éltdOfmrmthl e bei ng further pounds

per squaPi Yt gt @o ‘i’dé%"gbf”%dean ﬁa‘é{%t lg o 3y Prep
e R T L S B e ey B O SRS TR R 1 0

sai d coruﬁa\ﬂﬁxrgeomatdﬂ mdspalrdeﬁhges’zm cgﬁnﬁJ yst part icle according to Claim

said trlhasé t,hFotstsL weight | of é G)a@@dm&to aphereei n t he
Concavt (BSRUI ST b g S EPTE R cles v o
t0 1.{&5. characterized by a concavity index greater the toml vﬁ!&hﬁa&fs e centers of

whi ch ci thal B0 a3roid Aractivh db yhe trangaoft 0.25| € &c Aoraalng phmalE:I al:olfnmgalt(e agpaced from
each ot hterO Gg,oa gjmqle merﬂggnef :m qqigo of preceding Clanm, wherein there is present up
ometric volume to

to 45 weight percent of a zeolite based on the
20

25

mnge of 0.001 to 0042 inch, a catalytic
surface area greater than 150 square meters
per gram, and a catalytic pore volume in the
range of 0.35 to 0.85 cubic centimeters per
gram; said pore volume resulting from a
major porton of pores of diameter in the
range of 40 to 90 Angstrom units when
measured with mercury at up to 50,000
pounds per square inch absolute pressure and
a contact angle of 140°.

2. A catalyst particle according to Claim
1, wherein the concavity index is from 1.05
to 1.15.

3. A catalyst particle according to Claim

total weight of zeolite and alumina.

8. A catalyst particle according to any pre-
ceding Clalm, wherein molybdenum oxide is
present in the amount of 12 weight percent
and cobalt oxide in the amount of 4 weight

t

9. A catalyst particle according to any pre-
ceding Claim, said particle being further
characterized by a trilobal cross-sectional
shape defining said concave geometric-solid;
said trilobal cross-sectional shape being such
that the lobes are defined by circles having
equal diameters, the centers of which circles
are spaced from each other so that lines joining

50
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12 TABLE VIII1. SHAPED EXTRUDATE PROPERTI ES Corrpar ative Property

Exanpl e | Exanpl e 2 Exanpte |I" Pore Volume [err] m.

0. 49 . e Vol ume (Hg)* m 0. 45
0.41 \ 0. 73'“'" ullulm Im"m r] [err] 237

211 Surface/ Area (Hg)* lerf] 5 * 243 254° 195
Mean Por Aneter (Ha)* A 68,446,175 54 : 146 12
Conmpacted Bul k Density g.| TABL‘E76“I. . 80 . 99
Particle Length (inch) 0.114 0.135 0.12

Maxi mum Di aneter (D) (inch) SHAPED EXTRIUBATE PROPERTRES; 1 0. 53 i
Conposi tion Wi ght Percent CoO 4 4

4 [err] 12 12 CaRphr@ive] |
2 2 Property 2 [err] Example | Example 2 BaExanpée | 7
Bal ance Bal ance—ferr] Contact Angle WHAT WE CtArM—+S—=——

1 or Aaim 2, V\herpg}er\,othnﬁe(ypbﬂn,f raction i s 1ggaf POroygehydrot igegting

cat al yst partlcl EPoi'er] Hapgm. of 0.35 to 0059 havigyg a conmposi tion
conprising a majorg reh ﬁc’:’lt gl yst particl e3 according to any pre- 355
portion by wei ght ngfd el g onal |y up24; cedi ngsp ai m ?#erei n the
rati o of geonetric to 8ht ﬁercent of Srlica, based on e vol une to
geonetric surface M&annretlh@mﬂar@lg)‘tkt al wei g8t of sib4ca andi4dl unmi na; from
10 of 0.005 to 025 i to wei ght percgent of | ybdenu oxi de

5. A catal yst par ti°CiPat @@QFR"WQ‘YI%I any pre- gﬁd a totdl of 1 rgg 8 wei ght
percent of an  cediti@ Khghihcipher ei n the cabahytic smrbace 40210 oxide

selected fromcobalt and nickel oxides area is greater than 200 square
meters per and mi MR DipgetS(DY&sRY per cenfldbes bei%y  grafrBased on the
total weight of saigthpodtiéd Weikht Perdent A Catal yst particle according to any
pre- particle; sai-g—partiecle—being—n the formof a ceding Caim wherein
there is present up to ave geonetric solid; said solid be|4ng 5 wei ght
percent of silica as [eéﬁi based on 45 15 %haracte[ zed by @ concavity
I ndex greater the tot als, ight of silica an@ alumnag than 1.20, a void
fraction in the range oALO, 25 7. A cat al yBalangart i BhlenccorBélange t 0 any to
0.60, a particle sizg &ﬂzoqacc{A¥l a ratio of preceding Garm wherein there
I's present up geonetric vor 5 geonetric surface in the to 45 weight
percent of a zeglite based on the range of 0 001 to 0.042 |nch a catalytic
total weight of dreiondt t han

AR W
150 square Netigiss o 3&%‘% ‘E"‘a&‘u&;oﬁl c&'?e‘ﬁyswa&x ;%? & anpBi. OS2

and a cat al yt |pz>n¢aﬁrb§t wuighumaalmmni tioralyd yp1 g cﬂ:ﬂg mamlom{éxelhl‘thenﬁ g’ geomédiox| d
is range of 0.836twright g&ceny pf silicachasddnent the S } qmmc sirface liscinavre gamge of 12
thl

wei ght |Oercent‘°§j0 t o‘f}m‘u tgpéprla;ﬁr?;ﬁ cle%g %@%‘éﬂ&mde

L

i n the anmount 3& N
per cent 10 oxide selected from cobalt and mckel ax:des ir&a ﬁ&mreamge 200 s4a0:et et per

Angstrom uni tasd etﬁfes thereof, sajd accqrding.to any pre-
measured with A Bﬁu@bﬂ?‘% o}?édl af tp ﬁ;ﬁ?‘?ﬁ,&n‘é 5‘%
fiaraa @,;lbisaﬂo y4s

further poundScowe gebRire  $olid;N sﬁbsﬁxdﬂlﬁmﬁ)f essugte
tril obal cridsscherestrizahdy 2 congavitadndey wofth mai}velght of sﬂm and almmna&’r shape
c}f“hg to

dot g oot 4 Sy R BT no%f i, S S W
t

t he concavity nfgdesf 0.801f td)mo-ﬂl ifith, ath&lyut eto tafrzeomleindnaﬂmhy circl esn
havi ng t o 12015urface area greater than 150 square meters . A cata.lpellm;pclqjq geloqny prige
oedmg Clai erein molybdenum oxide is

catalytic pore volume in the

centers of V\/m lfkgf‘,ﬁ;‘ro@g

25

30

0.85 cubic centimeters per
gram; said pore volume resulting from a
major portion of pores of diameter in the
range of 40 to 90 Angstrom units when
measured with mercury at up to 50,000
pounds per square inch absolute pressure and
a contact angle of 140°.

2. A catalyst particle according to Claim
1, wherein the concavity index is from 1.05
to 1.15.

3. A catalyst particle according to Claim

present in the amount of 12 weight percent
and cobalt oxide in the amount of 4 weight
percent.

9. A catalyst particle according to any pre-
ceding Claim, said particle being further
characterized by a trilobal cross-sectional
shape defining said concave geometric-solid;
said trilobal cross-sectional shape being such
that the lobes are defined by circles having
equal diameters, the centers of which circles
are spaced from each other so that lines joining
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3. A catalyst particle according to Claim are spaced fromeach other so
that lines joining 13 1,446, 175
13 said centers forman equil. ' ' - i -
total” pressure is 10. A catal yst partlcl e accord| ng to any 600- 1000
pounds per square inch gauge. preceding C ai m whi

16. A process according to Caim 11, 11. A proc g“ 3"' im ﬂn”“f ;a5
petrol eum wherein the hydrogen flow rate is Lese usum*

process corrpﬂ ses_contacting __standard 1446176 feet per barrel of 0|I ttﬁe
liquid 30 sai dgjge@heels Yot Bpuffardrii xfishgRed Ofcifid ALVIA! wheR@H ik Yotsi &re is

velocity-ds 0.5 necA preigalpahisldr gceqoding it ladys  306-01000 pgmasopearaqmﬁr,g&
Caim_ the tenﬁ;}; g Claim S’h E%?beahdﬂfl & t ot al6. pr @mcesy raccmdelgproewmelbf

hydrogen at a_f ssd '

5 35 ugarﬁ%ﬁbxé?%%aﬂ fntp %e iquid 30

500 to 5,000 Stgia e&@lmﬁ. FRE1 bRE bf | hourly ocal hour,

hydrotreati ng apapiles mtcmdmg ]:6) any fprecading amam, 25Nome thecb@iCpresy Of

0.20 resi duumm Yé naFF Pnﬂ°'!I“a Stub-ls 8@ PQ&“‘ Ef rsgustep F'é't:a#ugfhour

at a tenper atyiry ol SIS Sﬁd’i"g CEEE i 3?00
0 850 F., and gfs. oafe&pa ho@i; @Sr tempers] mAhe pe&,&g ,éklme Ao &

sure i n the rangegesf 60O 850° FQ aiD) apualipds- hyxdr At pmkmgmplnacmwaqosdl ng

to any one of pdf %‘qﬁ 85 chFpog‘au‘j’ pounds %Sl'gﬁsfeﬁms process acCrdibgno anyl oneof 17,
1

15 12, A, pro§gSe” e &P Hining t @ Galth M £ag ng
cat al yst pargl - whefefh WH Bydrogen tfiee oo 1 daty i Q@””“Q@%c&&&z%%ﬁ%&%ﬁéﬁgi&&%s o
according to Cl 400 sandard sublss tfeentnen| Yagrelq of 4d&&€be$txﬁandandofahdalixamﬂeelerqher

barrel of desci"’?1 f npl es herein. residuum 13. A
process accoggli cgm; szﬁfe%&ﬁ%? i aﬁ? 4 m TREGEARCTHIEMANR &i guestHjour |y
space TREGEARyelofityl fNEBNM.8 feci velocity i sClﬁrthed)P&eme‘taeqm,ocal hour
Chartered Paten Agé ecess Jagcording EPrGUeQBe ai:coF'H‘f'PRj‘:& USE a’?%@pﬁ‘"
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- and - 25 /51, Bedford Row,

London WOV 6RL lﬂ,ﬁﬁﬁe QHM jﬁfo&gﬂewﬂﬁnﬁhéﬁ ![ Cﬁll W %gi & Courier

Press, .Leam ngton Spa, 1976 Publ Copisy mby1be Hedieny out hanpt on
Bui | d| ngs, London, WC2A | AY, from whi ch copi es may be obt ai ned.




