0 6 OCT 2004 1 PETROLEUM RESI D PELLETI ZATION Field of the Invention The
present invention is directed to a nethod and apparatus for pell etide@I i
petroleumresid wherein the resid is prilled in a nolten state usingg
rotating prilling head, liquid particles of the resid nmade by the

priiling head 5 are fornmed into spheres before solidifying, and the
spherical particles arep Eqi 'qq?lh'p substantially
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blowi ng,"” is a conventional way | mprove the characteristics of certain
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in the present specification and clains, a "soft resid" or a "low softening
poi nt tenﬁéﬁrﬁ‘dmpecbﬁba@bﬁméeméefaéﬂl@m resi due having a penetration above
0 and Ry 1 B3 8B) saf t eni ng poi nt terrperature bel ow 200F. A "hard
resid" or —a——§ —po+H tenperature” refers to a petrol eum

residue with arnée?@éua@élfﬁfm tesie@mt distitatidh RAS RWAde NurABeN &f R

tenperature above 30 200F. Representative references disclosing resid or
asphal t enéndliding| payving asphalt and fuel. Paving grade asphalt used in road

15 construction must meet a number of specifications, including the latest SHRP
specification, viscosity (usually 200-5000 poises at 60°F), penetration (usually
greater than 30 to 200 dmm), penetration ratio 15°F/25°F (usually above
about 0.3), ductility, temperature susceptibility, and others.

Contacting the resid fraction of petroleum with air at an elevated

20 temperature, also referred to as “air blowing,” is a conventional way to
‘improve the characteristics of certain grades of resid to make them suitable
for use as a paving asphait. However, the prior art does not appear to
disclose the practical application of air blowing a relatively soft resid to obtain
a relatively hard resid that can be pelletized for storage and/or shipment. As

25 used in the present specification and claims, a “soft resid” or a “low softening
point temperature” refers to a petroleum residue having a pénetration above 0
and Ring and Ball (R&B) softening point temperature below 200°F. A “hard
resid” or a “high softening point temperature” refers to a petroleum residue
with a penetration of essentially 0 and R&B softening point temperature above

30 200°F.

Representative references disclosing resid or asphaltene air blowing
equipment and methodology include U.S. Patents 2,616,837 to Roediger;



equi prent and net hodol ogy include U S. Patents 2,616,837 to Roediger, 06
OCT 2004 2 2,627,498 to Fink et al; 2,861,939 to Biribauer et al;

2,889,296 to Mrris et al; 3,462,359 to Fauber; 3,598,716 to Faube®6 0CT 2004
"3,751,278 to Al exander; 3,779,892 to Forster et al; 3,868,315 to Forster

et al; 3,935,093 to Senolt et al; 3,989,616 to Pagen et al; 4,052,290 to
Cushman et al; 4,207,117 to Espenscheid et al; 5 4,283,230 to O enentoni et
al ; 4, 332,6§47 198 Royenk ettaDZBHRIIG to Ranbialer et402,8897296 to Begtis etal; et al ;
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initially may appear to be solid at ambient conditions, these low-softening-

point-materials exhibit liquid flow characteristics at elevated temperatures.
These materials have typically been transported as a semi-solid product, as a

20 neat liquid product, or as a cutback liquid product. The semi-solid form must
be shipped in a closed container to prevent leakage and spiliage, is usually
reheated prior to use, and the high cost of packaging and handling the
material in this manner usually limits application to relatively small volumes of
product.

25 As a neat liquid product, heavy resid. is maintained at elevated
temperatures sufficient to keep the material in a liquid state. This methed is
also expensive and has limited practical application.

As a cutback liquid product, heavy resid is mixed with light hydrocarbon
cutterstocks to maintain the mixture in a liquid state at lower temperétures.

30 As a result, the lighter hydrocarbons with which the resid is blended are

substantially downgraded in value.




06 0OCT 2004 3 Apelletized resid that remains solid would be free
flowi ng and could be readily stored, packaged, transported and handl ed.
Previous attenpts at pelletizing resid with a | ow softening point 06 0CT 2004
‘tenperature have relied on encapsulating the resid with a solid coating.
Coating the resid conplicates 5 the engppsulating process, results in a
conpositionally heterogeneous product,” adds cost due to the generally

expensi ve nat urg pefletizi®l red thd reffaiid salld woeldnss frebViawing bhdaowa beéue to
rupture or breakage of the coating and/or to dissolution of the coating by
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water to solidify and shatter the elongated stream into discrete solid particles.
The particles formed as a result of shattering are not spherical and have
undesirable flow and/or handling characteristics. For example, the particles
20 may be dust-free when made, but because of any jagged edges, might result
in formation of considerable dust upon handling.

U.S. Patent 3,877,918 to Cerbo discloses apparatus for producing
spherical glass particles by centrifugally projecting solid crushed glass
particles into the draft tube of a bead furnace using a rotary receptacie. The

25 rotary receptacle forms a cloud of evenly dispersed solid glass particles,
which are directed upwardly into the expansion chamber of the furnace to
heat and shape the glass particles by surface tension into spheres.

The prior art does not appear to disclose a method or apparatus for
making spherical petroleum resid pellets by feeding the resid in a molten state

30 to a rotating prilling head, allowing the resid discharged from the prilling head
to break into particies and form into spheres due to the surface tension of the

moiten resid as the particles pass by gravity through a high temperature zone,



06 OCT 2004 4 and then quenching the nolten material in a cooling nedium
to solidify the particles in their substantially spherical form Nof gaiHs004
there appear to be any prior disclosure of substantially spherical,
conpositionally honogeneous (uncoated) petroleumresid pellets having a

hi gh softening point tenperature, 5 nor, of a nethod or apparatus for making
spherical resid pellets for anbient tenperature storage and shipnent for
use in Corﬁ?hbsmé?ﬂqeéﬁgﬁﬁgeme_amonerﬁ weaterigl inf aedoatiidi tiedeum Sonsaidifydthet he

I nvention The present invention produces substantially spherical] particles
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nbient t t , b be, i fied,at l. d . Th
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shi pnment an-end use. s are relatively hard and have a
sof t enisng mAi ¢t a Ihethodper appamatad forem2Rdig spherteasl residypeltetsdor smbient

toget her at anbient storage and transportation tepperatures. |If the resid
f eedst ock tempesature starageand shinment for UseL iR BRIMRYSIM BIPIRFSERia%R iR wi th
air at el evgteﬂ & erature. The resid is prilled at nolten tenperatures
using a rdtf b @d 'ﬁY 11ing head that discharges the nolten resid into a

hi gh tenmpeg 8PfHe HVemtiie: As the resid is thrown away fromthe
prilling . avity, it breaks into snall pi,‘ﬁce? that form
i nto spheres whlhe présantdvestiosr prodeces sHastastialfesplgirt PANIGEES MM @ st at e,

the pellets are cooled and solidifi f X b sSsin pheres
t hrougt a Matesd nsueh 4 A (P@I?rloé%{rpnéggﬁer{’ﬁ%tn |§a%¢n§yyb§9 ﬁ& %Eltu %ﬁ)ﬂe]lgptf/ t he
| nvent | on (ghQyirdiie b0 88F o IiALeRE It ldrr ERGiated Refpelature. Theiptesahe
process conprises ?15’ eating the resid to a tenperature at V\/mct] It isin
a |iquid sihaéstior roduces raiotarnpositienalhy homeogasniacss pelieized REIMIBGYEY of a

i Schar go Tesd Proskiet sHiAPl: (r corienrisaprariip it SAF shiedief BRER | e
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resid to bsrtgf:j}alkgeapr:li%\r taaann%p%%ra%n temperatures. If the resid feedstock is not
sufficiently hard, it can be hardened by oxidation with air at elevated
temperature. The resid is priled at molten temperatures using a rotating
prilling head that discharges the molten resid into a high temperature vapor
20 space. As the resid is thrown away from the prilling head and falls by gravity,
it breaks -into small pieces that form into spheres while liquid. After the
spheres are formed in a liquid state, the peliets are cooled and solidified, for
example, by passing the spheres through a water mist and coflecting them in
a water bath.
25 Broadly, the invention provides a process for pelletizing . a petroleum
resid. The process comprises (1) heating the resid to a temperature at which
it is in a liquid state, (2) continuously feeding the molten resid to an inlet of a
centrifugal prilling head comprising a plurality of radiaily arrayed discharge
orifices in fluid communication with the inlet, (3) rotating the prilling head to
30 discharge the resid from the orifices into free space near an upper end of a
pelletizing vessel having a diameter larger than a throw-away diameter of the

discharged resid, (4) allowing the discharged resid to break apart and form



06 OCT 2004 5 into substantially spherical pellets in a high tenperature
zone of the pelletizing vessel at which the resid is liquid, and t@ fztl[l o0
downwardly into contact with a cooling nmediumin which the resid i 60LT?

i nsol ubl e and which is maintained at a tenperature effective to
cool/solidify the pellets, (5) withdragi ng a mxture of 5 the solidified
pellets and the cooling nmediumfromth& pelletizing vessel, and (6)
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about 20 la9eFrowse The lowerrgy sTEomws gan ber dapesrd aheosmadepsiamelesi ng

vessel as _.an inhwardly, di.rect ) . g i ' | 4 zone
above P he o the #xix ¢f Toéﬁiqn §EF'1‘%DEW‘99 c%(?%fj tﬁﬁé t@%h P?Eg?wp%eﬁog@g E@?or e
they entemndiig Re4d préferalily Hasva diicLiferingef taparddfrorelh alppermgst eswel i s
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water fro e _sepatation s L hter] ' ' | at i ng
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The cooling medium is preferably water, and the water bath is
maintained in the pelletizing vessel at a temperature from about 40° to about
20 190°F. The water is preferably introduced into the pelietizing vessel as an
inwardly directed spray, e.g. a fine mist, in a cooling zone above the bath to at
least partially cool the spherical pellets before they enter the bath. The slurry
withdrawn from the pelletizing vessel is preferably no more than about 50°F
wafmer than the water introduced into the cooling zone. The process can
25 also include the steps of collecting water from the separation step, and
fiitering, cooling, and recirculating the cooled water to the cooling zone.

The process can also include the step of venting vapor near an upper
end. of the pelletizing vessel and/or the step of heating an upper end of the
pelietizing vessel! to méintain a substantially constant temperature zone in the

30  vicinity of the prilling head. The process can further comprise the step of
transporting the recovered peliets at ambient temperature to a jocation remote

from the pelletization vessel where the pellets are used for combustion, as a



06 OCT 2004 6 conbustion inprover or additive to coke and/or coal, in

adm xture with a cutterstock for fuel oil, or the like. The petrol o
resid fed to the heating step preferably has a penetration of esseﬁfghpiiw‘
"0 and a softening point tenperature from 2000 to s 400F, nore preferably
havi ng a softening point tenperature fr.omabout 230 to about 350F. The

resid is preferably obtained as the asphaltene-rich fraction froma

sol vent d%%@&@étfd N BrARE ad@ievé api Bokeemhdisr Bosf ﬁﬁaéﬂmixtzh@amm @o a

tenperature fromabout 350 to about 700F, and the pellets recovered from
t he separ ajuttenstoak févafuel ail rarthellike. wat er content of from0.1 io to 10
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mbust i f | trol , i h
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cont acki ngm%)“FOHor?tp'?e@ébl"}' g asidtenirid peint terhperaterepfesmt atseutf230h about

350 to about 700F for a péri od ‘of time effective to reduce the penetration
of the redbdabaute856M.i afhg (esidiisl prefarablyecbiainesbiase theh@spbriieneigher at ur e

b 200F f har d id.suitable f . ' d f
o 11 ng. MARGOBOHOM BesoveandBsPIAing PLiers: at NG 120 ST SI4ePd or e
asphal teneﬁerdt&gl t{)r éq%rgjérgfw@f%s%dﬁngsm% Ribaut I700°Pf aadPeid pelets

resi due, especrtall pane deasphalting. The air contacting step is

pr ef er abl yetoveradpfeomatthecsegaration cam heveua residealaweter comterdwefsfromn0dnot her
aspect of the invention,

there is provided a. progess for Kin ty ol eum
resi d i9el Itet H) weightapewent. nEie Arecqssy e3h @.SOTH'é?ELﬁfeoE’HEE“Q éggﬁfﬂﬂ%&g@d’
cont act i N2 5 ffiefESt ' | QlondEAl S IRt e & t eni ng
point te gglgts%relge%él@\?v g%%@?%(a)%‘ge%ﬁ%ﬁg?r gt a fer?peratur('e from about
350 to abqgmb@fforf of coapearidior petrolewmn efokecor as aobieodncempanent adthd
havi ng a penetratijon of es_ﬁential ly 0 and a softening point tenperature
above 200mttesstackdn AifiGl @lhe hard resid into pellets. The process can al so

2 further aspeolrPIREs bal furler eoiBs g e e e et e
maki ngss phsticlelmpesidewith fairah stermpenature frariabast 360t to sbowt Z80°F fakiach i s
period of time effective to reduce the penetration of the resid to essentially 0
and increase the softening point temperature to above 200°F to form a hard
resid suitable for use as the resid feed for prilling. The soft resid can be
obtained as atmospheric tower resid or the asphaitene-rich fraction from
20 solvent deasphalting of a petroleum residue, especially propane deasphalting.
The air contacting step is preferably for a period of time from about 2 to about
5 hours.
In another aspect of the invention, there is provided a process for
making petroleum resid pellets from a soft petroleum resid. The process
25 includes contacting a soft resid having a penetration greater than O and a
softening point temperature below about 200°F with air at a temperature from
about 350° to about 700°F for a period of time effective to form a hard resid
having a penetration of essentially 0 and a softening point temperature above
200°F, and forming the hard resid into pellets. The process can also include
30 burning the pellets as a fuel or fuel additive, for example.
in a further aspect of the invention, there is provided a pelletizer for

making spherical pellets from a material such as petroleum resid which is



0 6 0 CT 2004 7 normally solid at anbient tenperature, but which can be
| iquefied at el evated tenperature. The pelletizer includes an upri%pﬁ CT 2004
pell etizing vessel having an upper prilling zone, a hot sphere-for d]
“zone below the prilling zone, a cooling zone bel ow t he sphere-form ng
zone, and a lower liquid cooling bath % bel ow the cooling zone. A prilling
head is centrally disposed in the prillling zone, and is rotatable along a
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to th ] ] | | ferabl. th | ud
Sol vent " ocREBAIR: e R meRhET nprCeRl OB rsInE 17 o & BB one

fraction ;hhg |§%tt&etﬂlbn&ﬁﬁﬁ§%n@ 0%cc] a«’r\dpﬁsliaﬁwmés&%rdueterﬁwaée&sﬁarge

orifices of t d are preferably arrayed at a circunference of
t he prsl | ithg slpdaeces to be p:bﬂeaﬂenitlgx tbe bath.t Aoathey |l§pa&@do\ﬂ¢9@rf0laﬁépp|8’(ﬂgl ower

e e ek S A e 8o e St SR BB (Sl g (o
prilling RRaghiRln M pelefiting WEkssieN&uHBRECRSis BidVitRId fvwithidiawshy aor
slurry of the pellets in the bath water. A liquid-solid separator is provided for
dewatering the peliets from the slurry.
20 The pelletizer can also include an oxidation vessel for contacting a soft
resid, having a penetration greater than 0, and preferably less than 100 dmm,
with air at a temperature from about 350° to about 700°F for a period of time
effective to reduce the penetration of the resid to essentially 0 and to increase
the softening point temperature to above 200°F to form a hard resid suitable
25 for feed to the prilling head. The pelletizer can preferably further include a
solvent deasphalting unit for obtaining the soft resid as the asphaltene fraction
from solvent deasphalting of a petroleum residue.
The discharge orifices of the prilling head are preferably arrayed at a
circumference of the prilling head in a plurality of vertically spaced upper and
30 lower rows wherein the lower row or rows are disposed at a smaller diameter
from the axis of rotation of the prilling head than the upper row or rows. The

priling head can have a circumference tapered, either continuously or



06 OCT 2004 8 stepped, froman uppernost row at a relatively |arge
dianeter to a lowernost row at a relatively snmall dianmeter. In one 1200
alternative enbodinment, the prilling head preferably conprises a pl grﬁaqq tz)u4
‘of rings of different dianeter with orifices formed in an outer
circunference of each ring, wherein thgrings are secured 5 to the prilling
head i n a descendi ng fashion, each successively |lower ring having a

smal | er dig@ppéd, frévanart bpp prressttbngat i nelatiféle larglel disimeter for al@wabhgst has a
drive for rotatlng t he pr|II|ng head at from about 10 to about 5000 rpm
wher ei n t trewpat & Irelagvelyzmalhdiamefeamtt eneral@matbisuempopiasals the pA tstgt 5

feet, rein he orif.ices hav [;

nbout 1.1 aed BreAnY GRDRLRES B ROt R uRRReter BdtariteR 0

| bs/hr of fﬁﬁ%&&r?n drpb Gt %lrflﬁ’ﬁlfer@hb 'o‘?%acﬁhﬂtg:‘?ﬂtérﬁﬁt t'ﬁédrhrhg”ﬁ bfe BeeliRgabl y
wat er and e pelletrzer a preteraply includes a cooler for maintaining
t he batsh its tHaepthhgehead ngy & eeseéndiag fashmmeawhus@cdesomeéwdmweamrtgo about
190F. The aqueous bath referabl con Lns .a m EDuntr of

non- f oani ripwing BagMaler '?ﬁ‘@ topthan t ep g JnGas Qf@ﬁr@my

containing th I r f I ttom
for feedi %’bas[ ﬁ &?-E}e[]fro?rtgtagttng @%3% vlmml?%g'rhggva?t atﬁﬁ 1? oiggotgtgﬁﬂ)g@ rgﬁgw ded
for filteniRgrettias pnmﬂg\mraaﬂhas andiaretéd tqummutuzjmcaepaoamut Sfesdol er

provided for cooling the filtered water and a recir latlon L
Dt ovi ded fand weereindneges have sof amale Bmabaid! A @ et Kdhe 1 i ne

Is preferably pr h P t hgl ssel
near ait uptel EREpdeEPacPrdlitiodY BT 3BEP X 1 GBELE 1BQORBIHE of etEs S
upper end qhtdri2¢ gegﬁﬁd;eto maintain a substant [ aI |y constant tenperature

zone adj acent the prilling head, particularly duri n startu@e 25 op at [ ons
I n one preferre&%n@@@lﬂ%ﬂﬂem&m i ife Prefepally W@Berf(ﬂ” 108 oBE

conpr i ses DISTEPL: s L dRolef 6 mdihaiing thé' c2BP R 'ﬁge"%?&ﬁéﬁ’ﬁggs'
conveyor hgl témpkfft0f Frdrnebbhe ml tetsbdutont®0Qtfhe inler aqueguscbaﬁn to

anbi ent terrperature storage,, packaging_ and/or 30 Shl nent . JEE anoth
aspect1s t I";Hefﬂféb'afn@Omﬁkﬂérﬁ MjRoh BRI Sf SRA-RAMHG) §}-‘ \J vessel

homogeneous PELER! R 4 SontR BRI IHAAME He balPHNS! 88charge at a
lower end of the conical bottom for feeding the slurry into the withdrawal line.
A filter can be provided for filtering water recovered from the liquid-solid
separator, a cooler provided for cooling the filtered water and a recirculation
20 line provided for recirculating the cooled water to the supply line.

A vent line is preferably provided for withdrawing vapor from the
pelletizing vessel near an upper end thereof. A heater can also be provided
for heating an upper end of the vessel to maintain a substantially constant
temperature zone adjacent the prilling head, particularly during startup

25 operations. In one preferred embodiment, a line is provided for introducingf
steam into the sphere-forming zone.

The liquid-solid separator preferably comprises a vibrating screen. The
pelletizer can further comprise a conveyor belt for transporting the pelliets from
the vibrating screen to ambient temperature storage, packaging and/or

30  shipment.
In another aspect, the present invention provides substantially

spherical, homogeneous petroleum resid pellets suitable for combustion



0 6 0 CT 2004 9 having a size range between 0.1 and 10 nm a penetration
of essentially 0, a softening point tenperature from about 200 to gbout
400F, preferably from about 230 to about 350F, a residual water co e T H04
from0.1 to 10 weight percent, and a sulfur content |ess than 10 wei ght
percent. The resid pellets 5 can corrpr'Pse a hard resid produced by a
process conprising contacting a soft esid with air at an el evated

t enper at _Urr%v'irﬂj adiferd Bétwideme0.afdreL 10 vemt @ par@tnatioh dflessenfisily @sad to
hard resid, preferably Tfrom2 to 5 hours. Brief Descrigtion of the Draw ngs

Fig. 1 is saftening pointdempetasure froonabioulg?Qin tof albm 4Mbbdiprefaraldy fiam i o
thod of pelletizi hard,ppetrol. i d i.,ng to,th t
ovent i on.ahau 239° g rdul 3P e renRualadte pfiial B oF 1 49 T RERAR,
enbodi nent t i G| 446 i ' ' t i d
Co. conver iPerent, BRECE sUir Eanienf ok, 636 10 WK G aTheNesld folftsl 107!
fl ow disagroam smprige klreird zesid groducicby Bpracesseatrdrisiagtcontadting & sofint i on.

Fig. 4 is asinplified schematic, of one enbodi nent. of prilling head
accor di ng residt hwithrais @han glevated tfempegptuse for 3 RErigd P?it'BEF ﬁﬁéﬂﬁ? ﬁe of an
alternative e | t .of dal L [ o the present
I nventi on.coﬂggaﬁﬁég’%gerggtpi %thla%ﬁ r%:g, Etaét?‘?'a% un’?'?‘?sl%g h\l}]\)hgllréch are suitable for

pel | eti zatgQef Desafiptionodicthe Didwirigse present invention include any
asphal tene-rTch naterial, particularly the asphaltene fraction f

: rom
sol vent deasphdfigi Agsve simplifigsap@cess fiew diagram alopne am 'B"r%tqfc,tgﬂ in

sol vent deasphal t i.n cess, t n i aval lahl r the
trade laesirBﬂ%P?jor?g gﬁ@&?@ﬁﬁﬂ&%ﬁ%%@% ch f‘%‘%"ﬁde'.”ange tﬁ%r %r resid" as
used in theydhtRient specification and clainms also enconpasses other

asphal t ene-cont ai ni ng sources frompetrol eumresids such as pfo&rgﬁelﬁarrpl e,

at nospheri ¢ t ovieg. Bds osispliiad Rissessiiiew shagram of an aliestrleAlB ue,
t hermal cr r ' . . 0S| . I [ LOSI .
hydr ocr ac lfgﬁhge@[aﬁf#eofj ngﬁ@% ?ﬁg’ﬁ{l H"L"Z& %Qmpggﬁ%gaaﬁ g\}‘gs'ge%o; t erﬁnng tc’poi nt

t enper at uriyrfresidbricr td @ellinga penetration of fromO to 100 dnm and
15 Fig. 3 is a simplified flow diagram of a pelletizer according to an

embodiment of the invention.
Fig. 4 is a simplified schematic of one embodiment of a prilling head
according to the present invention.
Fig. 5 is a simplified schematic of an alternative embodiment of a
20 prilling head according to the present invention.

Detailed Description

The petroleum resids which are suitable for pelietization in accordance
with the present invention include any asphaltene-rich material, particularly
the asphaltene fraction from solvent deasphalting with propane or another

25 solvent as practiced in solvent deasphalting process technology commercially
available under the trade designations ROSE, DEMEX, SOLVAHL and the
like. The term “resid” as used in the present specification and claims also
encompasses other asphaltene-containing sources from petroleum resids
such as, for example, atmospheric tower bottoms, vacuum tower bottoms,

30 visbreaker residue, thermal cracker residue, scaker residue, hydrotreater
residue, hydrocracker residue, and the like. The resid can have a softening
point temperature from 0° to 400°F, a penetration of from 0 to 100 dmm, and



0 6 OCT 2004 10 a sulfur content fromO to 10 wei ght percent. Resids from
propane deasphalting and at nospheric tower bottons typically have ql T 2004
softening point tenperature bel ow 200F. Representative petroleumre §8£
and their 5Sproperties are listed in Table 1 as follows: Table 1

Resi dSource or R&B Penetration Sul fur process(F) (dmm (wt %
Asphal t enesSol vent deasphal ti ng0 - 4000 -1000- 10 Propane deasphal ting0 -
2000- 1000- 0 04Q8- 1 X 88 S 00-10
SALVAHL priocat] B8 T O A e B e et onayD - PaRe

2000- 1000-dasaaltingharad atmbspiesic towk tbtens iicdliVvhave aksofiéning gaidr 0 -
4000- 1000- 10 Thermal / Thermal crackerO - 4000-1000-10 Catal yticS hero -
4000- 1000-tempeyaiteg r balowt 2UbGo- 1 Gieprasenipiive CPFRisHD -res 0-31‘683- &6 20

Petrol eum resids _can,. |\ [ . groups, soft and hard resids,
that are cﬂ@?%&'gﬁt"’\a}gtl'gﬁecfhmgéh%@é%by means of their R&B softening
point stenperatures as measured per PghlWP3461-85 and penetration as
nmeasured by ASTM D5. The R&B softening point tenperatures of soft resids
wi | | generatty bebetow 200Fand tHelT _peneitrati ons greater than O, (he
hard 25 reglfls W I | drne H&B soft enkgg poi nt peidwatien ur es of sapgr oxi nmatel y
200F and higher andyrprigaetrati on ¢F) essenti al {dymh). The R&B (at%} eni ng

point tenperature for a petroleumresid isdefired—as—the—tenperatdre—at

corrpcTatoar ©

whi ch t he vﬁtgr(‘)essi tVSO?JenIé‘e%sén%ﬁiinS i§_g&pr oxi npt ehy 1,000, 000,4cSfy and phase

transf or mtPeH- Propane deasphalting 0 — 200 0 - 100 0-10
10 ROSE process 0-400 0-100 0-10
ODEMEX process 0 -400 0-100 0-10
SOLVAHL process 0-400 0-100 0-10
Atmospheric  Atmospheric tower 0-200 0-100 0-10
Vacuum Vacuum tower 0 - 400 0-100 ' 0-10
t5  Visbroken Visbreaker 0-400 0-100 0-10
Thermal/ Thermal cracker 0-400 0-100 g-10
Catalytic Soaker 0-400 0-100 0-10
Hydrotreater 0-400 0-100 0-10
Hydrocracker 0-400 0-100 0-10

20 Petroleum resids can be divided into two groups, soft and hard resids,

that are differentiated from each other by means of their R&B softening point
temperatures as measured per ASTM D3461-85 and penetration as
measured by ASTM D5. The R&B softening point temperatures of soft resids
will generally be below 200°F and their penetrations greater than 0; the hard
25 resids will have R&B softening point temperatures of approximately 200°F and
higher and a penetration of essentially 0. The R&B softening point
temperature for a petroleum resid is defined as the temperature at which the
viscosity of the resid is approximately 1,000,000 cSt and phase transformation
from solid to semisolid occurs. The pellets produced from the softer resids
30 may stick together and may have poor storage and transportation capabilities
at ambient conditions. Thus, the soft resids are generally unsuitable for
pelletization commercially unless they are pretreated to chemically modify (by
air oxidation or another appropriate process) these materials or encapsulate

the resulting peliets with an impervious coating. In contrast, the pellets
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capabilities at anbient conditions. Thus, the soft resids are generally
unsui table for pelletization comercially unless they are pretreated to
chemcally nodify (by air oxidation oy, another appropriate process) these
materials or encapsulate the resulti n{f pellets with an inpervious coating.

[ Ot a3jbbis PROEHRAE RAICTAONaEL oo bisedel 0 hritbporstidn can

have good transportation capabilities™ thout pretreatnent.
Accor di ng dapablitiepmdtheot pretveeattiemt, the soft resids are first oxidized in a
conventional air blow n g sure (<50

tor typicall ti t_mild
psig) s and rAREOriNg t@%h%iﬁ'%ﬁ%&@“{’géﬁﬁvéx?%%'%ﬁl Ss%%r&ingﬁé’xﬁﬁe%s*fhé resid

unt ¢ vei gtronvahfiorts) i Awing Fedtiol RRRGRP boE IR &' pfebsiAp (<50 B S P
bl owi ng tiffR facddiatd agdhpriattye | (380eai TOOtFE byespargngr @irandher résid air

flow rate per unit weight of the resid. Sone of the resing present in the
soft resi chardens aithxaiti blewinghtimeoat, eptetant fRBPaAtWS aed &Il ey EateParhe

nyar ocar bt e o dee hcie P itkitsi 4 8 o PiAAEr, ol

hydr ocar bQ:fiéw ihi)can THee rétUcedhpicheasin RSt ngsaratiak | and/edthecsir fibe
heating value o6f the resid, but ‘increases the R&B softening point
2

t enper at urrateapelr orif geRightont thet resid.t Bemescf the resinmprasentin Bie seliresidi t h RaB

P ot paep¥iged A Sonferdnfy aspateis na PR YoMt oS gh8r
accor danc%éﬁh{apgﬁé‘@ Hahefiverel iffo ligst hidreeaitos, lighehharatarss dqdids i . e.

havi ng an 1 R&B soft eni %pm nt tenperature above 200F, can be
pel | eti zechrdi offigases (costainingKoQt Cwy gaseprs hydecashens aeddd2)t ol g gir 1) .

ol | et | zechnt o@atsps (containingi Gt . g perldi)t o
bl owi ng. LPRWNG GraEetr ari Jrulhe Y Bebffia.fad, br ik 81

har dened riRgledsik _ttheaRBQBséﬁéﬁiﬁPiﬁﬁnp@érﬁ?eﬁaiméeaﬁﬁ%@gﬁn cahtent asicthabove t o
render it nore suitable forggel etizing (Fi The pelletization of

both tise irasid. dFhe bidizederesichvith REB @bove %g?ﬁi‘;ﬁléiéﬁmgif@r@%lleﬁsab%m-| etizing
SerT s o s BoFaTER, LS hroBebt Ao BRYeFL BRI Sty B 0
and hard petroleum resids. In accordance with one embodiment of the
invention, the hard resid 10, i.e., having an initiai R&B softening point
temperature above 200°F, can be pelletized directly, i.e. without any
20  pretreatment (refer to Fig. 1). The soft resid 12 is preferably first subjected to
air oxidation or blowing 14 at elevated temperature and mild pressure to
convert it to a hardened resid with a R&B softening point temperature of
200°F and above to render it more suitable for pelietizing (Fig. 2). The
pelletization of both the hard and hardened soft resids is performed using a
25  pelletizing step 16 employing a centrifugal prilling device. The centrifugal
prilling device has a high prilling capacity, flexibility to produce pellets of
various sizes and from a variety of resids, ease of operation, seif-cleaning
capability, and ease of startup and shut down.
The pelletization 16 produces pellets that are substantially spherical
30 with good storage, transportation and fue! characteristics. The pellets from
the pelletization 16 are optionally sent to storage 18 (Fig. 1) on a pad or ina

pit, silo, tank or drum, or storage can include packaging in bags, boxes, drums



various sizes and froma variety of resids, ease of operation,

self-cleaning capability, and ease of startup and shut down. The T.2004
pelletization 16 produces pellets that are substantially spherical %B% t pp
"good storage, transportation and fuel characteristics. The pellets from

the pelletization 16 are optionally sent to storage 18 (Fig. 1) on a pad or

ina pit, silo, tank or drum or stor#@e can incl ude packagi ng i n bags,

boxes, dr psinfl e Fhe208lfbtd €anThehSe Isekifor itipmeht 20bgafudiresil lear sent

for shipnent 20 by truc rail car, ship, barge or the ke. The pellets
can al so hghipubarme ot dhet likeageThd tpmiletsskapnalsd ke subiacti to Btagage. after
Desirably, the pellets are then burned with air in conventional canbustion
equi prent shipragpt apseandn\Figedi Qféﬁiralbﬁfv%%ﬁeie@ AEReSy Q{HEQSW& HrBwn i n

the art to obtajin a fl 24 _f lhgh ' t Rl y ar ed.
The 1 nvenieineriond cpliudlin? foleRity2e " oPPRinistely YeSGREHL FOoTEMR 7L
pel | et? V&Hnﬁ’{}udﬁé}‘h BaYS kRbRATIN Uké lart {ceebtall BNueles @acfrotrowhich héat ishe hard
resid 10 (or hardened soft resid from an air blowi ng unit or _other

pr ocessi ngypioaly renaveredn pihedinventiandisneet seeessarty.r Bavgysr.i imited oo sur ge
drum 30. The purpose, pf the sur drum 30 | . ve residual solvent
cont ai ned qqm@%é%”e%fitge ﬂats “‘ffgm Wetélﬁgéami@ggver ed from sol vent

deasphal ting prgaRseesbncdis Fiy.i3 tHEMHRE rev8rtegst Haidehéd ofiZesidniloml so to
provi de a positive suction hedd for positive displacenent punp 34. The

positive dirspiradlewing upitigr dredprdogssingt writy thet ¢anoprodeceshardened ispfly

| 36 at. a_desirable fl t i || back t  hngludi
bressuPe CBRERHIS TS SHOSBRCTn THehBuRsSe ! fid HET &by PRUEI & 11
the surge @H&[Pﬁg%éiﬂﬂaﬁls%eﬁl E8h@ide ihhehd Iresiduaeigongrdr BSphAitenes

producti on. resid fromthe positive displacenent punp 34 flows through
resi d tri mechesredrfra sdbeard deasphaliing processasddwhisht isevenéed ovarigask it i ng

From t he s $2.4 Andrirein BV At pudntend BioRey e i ABIREN Gor
dependi ng ﬁﬂ‘a@ hgq, Vgﬁgfﬁbéiﬁv@wfﬁﬁéeméfnft%rﬁﬁ PP dHiivbRITRRS aledic tef thiehe

resid. Th r esi ows via ['ine 44 to the top of the pelletizer vessel
36 wher e pdllefiass amssal 36t At a desirable Powl ratag Heapilhdackharepgamend head

O L o sl erAshErd e P s B . e bt
rotating haade48rgé drum 30 and also adjusts for the fluctuations in pellet production.
The resid from the positive dispiacement pump 34 flows through resid trim
heater 42 where the resid is heated to the desired operating temperature for
20 successful pelletization. A typical outlet temperature from the resid trim
heater 42 ranges from about 350° to about 600° or 700°F depending on the
viscosity and R&B softening point temperature of the resid.
The hot resid flows via line 44 to the top of the pelletizer vessel 36
where it passes into the rotating prilling head 46. The rotating head 46 is
25 mounted directly on the top of the pelietizer vessel 36 and is rotated using an
électrical motor 48 or other conventional driver. The rotating head 46 is
turned at speeds in the range of from about 10 to about 5000 RPM.
. The rotating head 46 can be of varying designs including, but not
limited to the tapered basket 46a or multiple diameter head 46b designs
30 shown in Figs. 4 and 5, respectively. The orifices 50 are evenly spaced on the
circumference of the heads 46a,46b in one or more rows in triangular or

square pitch or any other arrangement as discussed in more detail below.
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rotati ng head 46 can be of varying designs including, but not [|im E@CJJML
t he tapered basket 46a or nultiple dianmeter head 46b designs 30 shown in
‘'Figs. 4 and 5, respectively. The orifices 50 are evenly spaced on the
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OCT 2004 The okhfi. ' : ' ; about
L i noh ( abii Sned 5P sigBelih ArEEE Valied 3 antdt 0 14 B apeiidRgrbie

di stributipg.15The niAJb NGod0Be Othet Hesited aidliey disacint distabetien., The RPM
the orifice 50 size and fluid tenperature (viscosity) controls the pellet
si ze and sionebidation obthe miatingekead 46 diametaiptie BEM. dhe pritee aRSizand

26, the. i femgaratits MsceRtR R ialé s Benet izt SpGiiE Bislmi o, 2es 80, (o2
into the fﬁ@gj@@??e‘?toﬁﬂ% L@ tﬂ%lth%%waaﬁbia?rﬁéteveﬁ&ﬁé Sdlets AsAkhger esi d

travel s oJ nd/or downwardly through the pelletizer vessel 36, the
resid breaksidueniens the pbatingieatibetre aentrifiegal fofcecdischargesnlong: deini o
overcones the conbi ned viscous and inerti al f?rce§t The, pel | etsﬁ%la%é
spirally dylingemsnef thegesisginimine freasnase atdhe ten gf the PRIRUZRT VESRE 99-ai ned
in a preferapl conlcal ' vEREel

hori zont al’&%pﬁlﬁﬁﬂcgﬂaggtsm@gﬁgﬁﬂggégﬁ 0 r‘g%g!ﬁyrrl&%h F%Zﬁﬁ)ettg?{n head 46
and the poj@tihehpisd threakelp kito dphiesical petittsi ag thewgurfacenterniséiorhdaree6 and

begins to fall downwardly is 15 called the. throwa radi us, ,.I

t hr ow awayoudireomesrthejcasmbingd vésqans and mﬂ'%%qua\é\?ﬁg,pqﬂgyspfaélf gﬁéﬂyy | ess
than the inside di t f -1, 74 i ; i bets from
it ng. ¢ B ST Eats bl 33885 Fio SAnch B M I SO eRean®

el ectrical clig@dli BEtESI 154 @f thhpelidtealri ngsssi ed@nt I Hes horigonkal distanagyi ded

inside the top section of the pelletizer vessel to k t he . ar acent
the head 4setweenvihiel axis i0d retatipg qfltbﬁé"’@ﬂﬁngo’f'e?%@tsr%rfcgﬁ)%BOWéa\ﬁﬁ%@ fh ating

0 Gl o001 80 b ey Sy

primarily B%' can to“mai ntain a constant vapor
t enpergt ur a\Neddt thienthrd\e-avedy eidizer The thmw-26vayudiametercgel twicepgbedhrom: |f z5

Startup away daduis.op preteiabint (58 15 Hee HesEe fUeaeliron! Te pelfiing
| ntroducti \%]ss%i 36 €& Mkeep pellets from hitting the wall of the vessel 36 and
accumulating thereon.

Steam, electrical heating coils or other heating elements 56 may be

20 provided inside the top section of the pelletizer vessel to keep the area
adjacent the head 46 hot while the resid flows out of the rotating head 46.

Heating of the area within the top section of the pelletizer vessel 36 is used

primarily during startup, but can also be used to maintain a constant vapor
temperature within the pelletizer vessel 36 during regular operation. If

25 desired, steani can be introduced via line 57 to heat the vessel 36 for startup

in lieu of or in addition to the heating elements 56. The introduction of steam

at startup can also help to displace air from the pelietizer vesse! 46, which

could undesirably oxidize the resid pellets. The maintenance of a constant

vapor temperature close to the resid feed 44 temperature aids in overcoming

s0 the viscous forces, and can help reduce the throw-away diameter and

stringing of the resid. The vapors generated by the hot resid and steam from



at startup can also help to displace air fromthe pelletizer vessel 46,

whi ch coul d undesirably oxidize the resid pellets. The mai nt enance  of
constant vapor tenperature close to the resid feed 44 tenperature QHHQFEHW4
“overconm ng 30 the viscous forces, and can hel p reduce the throw away

di aneter and stringing of the resid.1 he vapors generated by the hot resid
and steamfromO 6 O CT 2004 14 any vaporized cooling water |eave the top

of the vegselagfriidd evdingwititiedidthe P citleaiceseledBYRbagh @ varmtingst ed as
desired. The pellets travel spi ralé‘}/ down to the cooling water bath 52
a

mai nt ai nedi8 and are eetorarethas combyisted as desped] eti zer vessel 36. A water

m st, generated by ray nozzles 6 ref er abl roy| I nstant, cool i ng
and har deni ngﬁaﬁ M@F%@Evéé@'@ﬁwﬁ&%g# F%t E‘?&m ‘E’ﬁt%at??\{la?ﬁ[s maénstgf"féie still
have a nolt f senad I it r bath
52 where 'bhtggmoﬁnér%[&g?g%tfﬁ@é%%gtgﬁ%m sectelpgﬁ' gﬂf‘%ﬁg} @é tf gtepéig?ee?ggel 36
provi dj ngspray ndziee 600 mefbrably prewides! insfarttteodtiag| and hrdeningeofotiid et i zer
vessel 36 and also to Eﬁrhé\/i de ?{urther 10 cooli of the pellets. _Low | evels

(1 ess t hasurfaEepphihepelels, whichean @ dbiss gagerdillavead raetan coem ous

manuf acturecs, | i | b 01 | he
trade des‘?'ﬂfﬁﬁ%hﬁ@#&ﬁ% Bdr@ﬁt?ﬁb?ﬁ g'ﬁggth ﬁg%égyﬁ@%@%%{gﬁﬁ‘g wat er
to facilipgidnseddtidrandi e pelletiee wsddettd6 tmotiding tubdlereef katdignimg of
the spherical pellets. The cooling water flow rate is 15 preferably

mai nt ai neemavabodihel peletsdrpvrthe medetizerrvassel 36 andorisa e arovioe fudhenpout
50F, ef |y f t t F i nl t
supp! 1 vi sdingcal e’ pRIel, bR’ 1sh8is fedt Hlin, 20 nprl oL TR, bF SndrB Bop: ne' ©

wat er 1 ojaAfing stirtdictants Frorfifvdrid@isnebhefdcterery,apsieling3but aob ligstear & i on
devi ce such as  vi brati ng screen 68 where the Eel | ets are 20 dewatered. The
=l

pel | et s cthostamailableepndenthentrade designrationspT EBGIHO and TRITON. pcent ,

preferably as l,.aw as | _or ev 0, 1 . gt 1 The |l ets
can be tr%%é"ﬁSpt'Edt o® &%Vgﬂ?ﬁ @na\ﬁﬁgﬂgf&gﬁeﬁd}% ? ?r E%@%H%tsu% p e r truck
| oadi ng fé@hl:étﬁ’atfé?ﬁﬁ? SHOWR sblieh&dlVEdIRits belThe 7€ooliFige watére flotvr edtet s

dewat ering screen 68 Tlows to water sunp 72. The water sunp 72 provides 25

suf f i i enprefarablyi maintaineidote prextde: @ temopratyrevncerassunbirom ahmid Wit & can
o1 CTrat e SRR, AR AR AR T BB A ST 1S
t hrough ayater supply via lines 62,64 and the outlet line 66.
The peilets and cooling water flow as a slurry out of the pelletizer vessel
36 to a separation device such as vibrating screen 68 where the pellets are
20 dewatered. The pellets can have a residual water content up to about 10
weight percent, preferably as low as 1 or even 0.1 weight percent or lower.
The pellets can be transported to a conventional silo, open pit, bagging unit or
truck loading facility (not shown) by conveyer belt 70. The water from the
dewatering screen 68 flows to water sump 72. The water sump 72 provides
25  sufficient positive suction head to cooling water pump 74. The water can
alternatively be drawn directly to the pump suction from the dewatering screen
(not shown). The cooling water is pumped back to the pelietizer through a
solids removal element 76 such as, for example, a filter where fines and solids
are removed. The cooling water is cooled to ambient temperature, for
30 example, by an air cooler 78, by heat exchange with a refinery cooling water
system (not shown), or by other conventional cooling means, for recirculation

to the pelletization vessel 36 via line 80.



solids renmoval elenment 76 such as, for exanple, a filter where fines and
solids are renpved. The cooling water is cooled to ambient tenperat 0e]CT 2004
for 30 exanple, by an air cooler 78, by heat exchange with a refinery
‘cooling water system (not shown), or by other conventional cooling neans,
for recirculation to the pelletization vessel 36 via line 80. 06 OCT 2004
15 Typical operating conditions for thd5pelletizer of Fig. 3 are as shown

in Table 2 bel - A l.Gcal i zer ..Cperat.ing Condi tions.

Condi ti onRangei’%éﬁ&éﬁaﬁﬁgﬁh&i@ﬂgﬂé@d’ @3%&%‘5@'83%@@5’57%&’%1}@ to 600F
Pressurel ghpespBeiiy:t 0 200 psiglLess than 50 psig Head D anmeter, in.2 to
602 to 36 Head RPMLO to 5000200 to 3000 Orifice Size, in.0.0a to |ILess than
0.5 Oifice PitchTriangular or square Oifice capacityl to 1000 | bs/hr per
orificeUp to 400 | bs/hr per orifice T@bl&away dianeterl to 15 feet2 to 10

feet Cooling water in, dytﬂcabP&wB&rt(bp&mir@thd@iMSe_r out, OF70 to

19075 to M@W -e}_s.l_;eﬁ a1 to 100.5
to 5 s Thpcﬂ'ifg!‘!l Bt | nvention the use of tHE %M*Ramgegm ext rusi on

devi ce 46 Resipiaaddemperaiwer ol3elhior s, The cent ri4P0d@PO&% r usi on devi ce
46 resul tBrepsrg | ow cost, hilgHmepRhRig kH2R0 PFg exi biLesaBns] Bsig| eani ng

devi ce to Herd Piameter, fhe resi2d880The orifices 50 arktol3cated on the
circunfereread BPM he rotatii§!®888046. The nunber 280 @800 ces 50 required
t o achi eveOufine $fe.iifed i o pr @f&kPi®on is increased tgss H@EhBi ng the head 46
di anet er a@diasrPileh  decr easi Agangardirsaedee bet ween the orifices 50 in a
row and ax@dfideycapgai®¥ ng t he 10pi100R s/tBPenerifingl t i pllp loeddl les/hmper asificéi ces
50 can be Bpawawaydiameieri n ittpiladeell ar or square @itedl feet anot her

confi gur atComing Wadeniot 4t i ng H84d 1885 can be of varyib@dodd8i gns i ncl udi ng,

but not  Cooling water out, °F 7010 190 7510 165
Cooling water AT, °F 10 to 50 1510 25
- Pellet size, mm 0.1t0 10 05to5
s The present invention discloses the use of the centrifugal extrusion

device 46 to pelletize petroleum resids. The centrifugal extrusion device 46

results in a low-cost, high-throughput, flexible and self-cleaning device to

pelletize the resids. The orifices 50 are located on the circumference of the

rotating head 46. The number of orifices 50 required to achieve the desired

10 production is increased by increasing the head 46 diameter and/or by

decreasing the distance between the orifices 50 in a row and axially spacing

the orifices 50 at multiple levels. The orifices 50 can be spaced axially in
triangular or square pitch or another configuration.

The rotating head 46 can be of varying designs including, but not

15 limited to the tapered basket 46a or multiple diameter head design 46b shown

in Figs. 4 and 5, respectively. The combination of the head 46 diameter and

the speed of rotation determine the centrifugal force at which the resid

extrudes from the centrifugal head 46. By providing orifices 50 at different

circumferences of the head 46b, for example, it is believed that any tendency

20 for collision of motten/sticky particles is minimized since there will be different

throw-away diameters, thus inhibiting agglomeration of resid particles before

they can be cooled and soclidified. If desired, different rings 47a-c in the head



15 limted to the tapered basket 46a or nmultiple diameter head design 46b
shown in Figs. 4 and 5, respectively. The conbinati on of the head 486 QCT 2004
di aneter and the speed of rotation determ ne the centrifugal force at

‘which the resid extrudes fromthe centrifugal head 46. By providing
orifices 50 at different circunferences of the head 46b, for exanple, it

I's believed that any tendency 20 for co66lision of nolten/sticky particles

[ I ni m ' th il diff t th di t th
T 2Rt S e Poled o oBferthl <premh. it BB SRR R e g
solidifi edcedt;ingggfcg?ggitﬁg F&rﬁt%%{ivé EiReSmfbren&ed N the head 0 6 OC T 2004 16

46b can be rota ere speeds, e.g. to obtain about the sane

centrifugal forBesidestipeadapactation andcdiafratenofsthe Basadleth, sthee dttadr
rotation and dianeter of the head 46, the_other, operating paraneters are
the orifi cepesating Aaramelers areniher ofififes 0 $ige, JBAW IeFPeTalERp SHEPUPAINGs| ze of

th idfl Pty . j ' d

sur face + dREAREPey Figd Uk skl T g B s e BUTERTShWY e
pel | et si zggcduitgtited sOfat@téndi6n ofithé irésid. tTHeRY vavBiblgk anBitBeiraerhtiope | et
breaki ng I ength are expl ai ned below. The orifice 50 size affects the pellet

si ze. A sraltherpellet sizee produatioa rate ppf dflice thenwiaway giemetesangithe jet | ar ger
si ze produces, | arqger, pellets for,a,given viscosity (tenperature), speed of
rotation, PQWQE@" "i’rﬁee’ﬁ)i laegé)eé t hroughput. The throw away di aneter

i ncreases W th phelesifiRass0i siz@raffdcts the pelle 8iZ0r A tdiRalkaNBrifide 58t kize
conditions. Adjusting the speed of rotation, dianeter of the head 46 and

t hr ougleputprodueep smades peliets while a darged sizetproduass lasgeraeplieis tpr agiveinzes.

Dependi ng on_the t.hrouahpu he punbe onifl 0,,..C fr 10 or

less to 70‘65@5r&¥0it8mpﬁiapu§%£e%p%?&roggﬁc{t?@ép’aﬂiﬁmﬁgﬁeq%eweo%%g 4ge%ﬁdi f ugal

head 46 afthesigHpe. TEE Mhfov-Haal digfeterdhcilzised Witteaiddrésdein efifica1gor esi d

t akes place. I'ncreasing the RPM decreases the F_el | et size and increases
ng

t he t hr ow-siz@yfotithaesamne operadisgntondiiensr Odiweling dhe seerd rofcenatiamt .

mai nt ai n CRCELH, ObtiR PPRL A apdiGBhRyL eIkl wi¥ e nBbEe Wih 5°
pr oporisi ongdrled tapigesd stz Depondinglont the thadugbpaf, thé auniradf 4fifideadet er s.
For a higher production rate per orifice 50, greater speed of rotation is

gener al | y casgee from 16108 lespHiac 00 pPWarenge is 10 to 5000. The
The speed of rotation and diameter of the centrifugal head 46 affect the

centrifugal force at which the extrusion of the resid takes place. Increasing

the RPM decreases the pellet size and increases the throw-away diameter,
20 assuming other conditions remain constant. [ncrease in head 46 diameter

increases the centrifugal force, and to maintain constant centrifugal force, the

RPM can be decreased proportionally to the square root of the ratio of the

head 46 diameters. For a higher production rate per crifice 50, greater speed

of rotation is generally required. The typical RPM range is 10 to 5000. The
25 centrifugal head 46 diameter can vary from 2 inch to 5 feet in diameter.

The viscosity of the resid generally increases exponentially with a
decrease in temperature. The resid viscosities at various temperatures can
be estimated by interpolation using the ASTM technigue known to those
skilled in the art, provided viscosities are known at two temperatures. The

30 viscosity affects the size of the pellets produced, the higher viscosity of the

resid producing larger pellets given other conditions remain constant.



25 centrifugal head 46 diameter can vary from2 inch to 5 feet in dianeter
The viscosity of the resid generally increases exponentially with a 060CT 2004
decrease in tenperature. The resid viscosities at various tenperatures can
"be estimated by interpolation using the ASTM techni que known to those
skilled in the art, provided viscosities are known at two tenperatures. The
30 viscosity affects the size of the péTIets produced, the higher viscosity

of the r%ﬁ@l arger pellets given other conditions remain
const ant . Exanples | and 2 Experinents were perforned with
two petrol eum regpatimenednerdpéormed dlithetivo petesipbin tdsids prddudedhfedmR&B

softeni ng point tenperatures of 265 and 292F. The experinental setu

consi st ed seiventfdeasphaiingwehich fead &&B goftening paintuspipeaneires of e2eh i ne,

cont 1 | oA 2SE e S a5 B nIER et sbikfes
col | ecti o H%Eigséﬁmﬁgwéﬁéh FeBBSinte et 46 triifsfaletid edsiapy tHe r&.@ntrtft@ggpr ature

in the~dr punped to the rotating centrifugal head by
pel | et i zerhgaels iadmpitivprifideheenteflgal head, meddriapd bpitwasotatethe hpadpand@abl e to

f ' t Hi . at , t |s... | ded
2 posi 11 vepsleiBplsR R0 iadet ThR BEiqouA HESGLO e dRaTehoooE Bl fugal
head whi | : | i i h

et et zanPRReRanE? i B by Fhand QfyREIRaMS (RAND MRS FERIRY", e

centri f ugahefpelietizel resitapgmg. Thagelletizer reskl pyprwias 8 gefarpenp eapabient o t he
free space at the top of the pelletizer. As the resid {ravel ed domr\é:rdly
i n t helovapdr PRI YmdOor 8s0RMsr okligh Jemperatutsyn Iqeipie, aregswe, sea

it ace, Lao)ERe B Boaive” CANEeH S aORIBA ARt g G VRS L B coc
bath was rmintifagaekea® Whiledramsfaringehe aésident ri fugal head was housed in a
nmet al chanber and the vapor |nsi he chanber .was mai nt ai ne | ose to the
fesid feed  t enbd RUTTRWAS GRUPIIE Relasesay pellsyZanon RaRpameni s e ©
Cort” hoad el et ng SRR TSR, i eriRud LRSI g o
to form spiinden obtid edsid i6 thedredispaaé sab thedoped thaediptizer. aksythd anet er
and 1 nhi birtegictij ?rtarvielr:egdi r::lgovx(r)r]:wzgrm?y in the vapor space, the resid broke up into
spherical pellets as the surface tension force overcame the combined viscous
and inertial forces. The pellets fell spirally into the collection tray where a
cooling water bath was maintained.
20 The experimental centrifugai head was housed in a metal chamber and
the vapor inside the chamber was maintained close to the resid feed
temperature using two kerosene-fired air heaters. The centrifugal head was
heated close to the resid temperature using induction coil heaters. The metal
chamber was heated to overcome the viscous force to form spherical pellets,
25  and this also reduced the throw-away diameter and inhibited stringing of the
resid. Experiments were performed with single and multiple orifices and
pellets were produced successfully at high throughput. While operating with
multiple orifices, the pellets did not agglomerate in the vapor space or while
falling into the pellet collection tray.
30 Examples 1 and 2 illustrate the operation of the resid pelletization
apparatus using a centrifugal extrusion device according to the principles of

this invention and demonstrated the ability of this apparatus to successfully



resid. Experinments were perfornmed with single and nmultiple orifices and
pell ets were produced successfully at high throughput. Wile operat@g% }ﬁhlﬂ
multiple orifices, the pellets did not agglonerate in the vapor spa (;
‘while falling into the pellet collection tray. 30 Exanples 1 and 2
illustrate the operation of the resid pelletization apparatus using a
centrifugal extrusion device accordingi8o the principles of this invention

and denonstrated the ability of this a . t S OCT
2004 15 pBakEe FeuFic: ResihuBnebitsrtt PRLAH e S e tratetieb R
present ed 'i'éble-ﬁagc%lﬁw? bel ow. [ Remmi nder of page intentionally blank.]
5Table 2 Property(Paraneter Exanple 1Exanple 2 Resid Properties R&B

sof t eni ngd[pz@'mmdeﬂﬁﬁﬁ@ BedtionallwttldnkZU. 1 i oSt orage test to 150F with
axi al | oad Passed Passed Friability test, fines, % 2 W% 2wt % Heati ng
val ue, net, Btu/lbl6, 90016, 730 Pellet Size, mm 0.5 to 30.5 to 3 Operating
Paranmeters |15Centrifugal head di anet ?ébl]t_ai gches2.42. 4 Total Nunber of
Orificés3232 Nunber of orifices used and 4 Orifice

confi gur atg varlefés angular Orifi cexbhigietier, inchesO. Exbarple03125
20Thr ow a\/\tg@bgr;ﬂgtger, ft3.5 to 53 to 5 ft Resid feed tenperature, F500535

Resid Propetties

R&B softening point, °F 265 292
Sulfur, wt% 1.7 4.1

10 Storage test to 150°F with axial load  Passed Passed
Friability test, fines, wt% <2 wt% < 2wt%
Heating value, net, Btu/lb 16,900 16,730
Pellet Size, mm 0.5t03 05t03
Operating Parameters

15 Centrifugal head diameter, inches 2.4 24
Total Number of Orifices 32 32
Number of orifices used 1 1and 4
Orifice configuration Triangular Triangular
Orifice Diameter, inches 0.03125 0.03125

20 Throw-away diameter, ft 3.5t05 3to5ft
Resid feed temperature, °F 500 535
RPM 900 - 1500 900 -1500
Throughput per orifice, [bs/hr 195 100




RPMBOO - 1500900 -1500 Throughput per orifice, |bs/hr195100 0 6 0 CT 2004
19 Cainms: 1 1. A process for pelletizing petroleumresid, conprisﬂg%'T%m‘
heating the resid to a tenperature at which it is in a liquid state, g
continuously feeding the hot resid to an inlet of a centrifugal 4 prilling
head conprising a plurality of radially arrayed 5 discharge orifices; 6
rotating the priding head to dischargeifiot resid fromthe orifices 7 into
free space_at an upper end of a pelletizing vessel s having a dianeter

| ar ger t h&@la#Mshr ow away di aneter of 9 the discharged resid; 10 allow ng
t he di schayged_resi o break apar nd rm.int.g. 1.t substantially

spheri dal a{)eﬁ %'ioggﬁd}fé{ %ﬂ&ﬁ%@g#@p&gﬁpéegﬁngbh%ggwb.t he pelletizing vessel
at whigh the resid igedtinguhe rasm tha temperatisreriiaititly itiiiPa dighrt Staed: a
l'iquid cooling medium 14 mai ntained at a tenperature effective to solidify
the 15 pellets in aconiinspaslyifaetingdphdwt cesidteoaminieoha cedtrifugaly a slurry
of the solidified pellets gnd the,coolin 17 medi um fromthe pelletizing
vessel 4 18 substantially %"ﬁ&’ﬂ QFPMOMS&Q ?@thaﬁﬁyﬁﬁf?ﬂ@wx&mf nmedi um 1
2. The.process of clai m lyuhesei resid has a penetration of

essentlsal ly 2 0, a softédn'l ng I'ggirbrﬁt;ﬁlét‘.e(Sa'rrperature from 200 to 400F, and the

resid s 3 heated tqotatingntperafiingchéadto discbergeiiottresiabfoorn the@rifices3. The

process of claim2 further conprising the step of .contacting a soft 2
resi d Raving a penetrati dﬁtcbgﬁﬁtséf’c?%éﬁ”(}’%%gs‘%ﬁ %ﬂ%ﬁ'&'%‘@ﬁs

bel b ] '
t enper gt ure bel ow about t'?%tdg?@éﬁﬁfﬁéﬁ*ﬁm rtﬁ*dﬁ—%é\farggﬂr;léﬁ%‘?é?oi%o 4 to

about 700F for a period o 0 reduce t etration of 5
the resid to essential |l y thealischianged assidf he sof teni ng point tenperature to

7 thethcating. z 4. HRWIES BrbdechaaaceRcbAERL AP A ALIITEB act i ng St ep.
I's for,a period of substantially spherical pellets in a high temperature zone

12 of the pelletizing vessel at which the resid is liquid and fall

13 downwardly into a bath of a liquid cooling medium

14 maintained at a temperature effective to solidify the

15 pellets in a substantially spherical form;

16 withdrawing a slurry of the solidified pellets and the cooling

17 medium from the pelletizing vessel,

18 substantially separating the pellets from the cooling medium.

1 2. The process of claim 1 wherein the resid has a penetration of essentially
0, a softening point temperature from 200° to 400°F, and the resid is

(L8]

3 heated to a temperature from about 350° to about 700°F,

I 3. The process of claim 2 further comprising the step of contacting a soft

2 resid having a penetration greater than 0 and a softening point

3 temperature below about 200°F with air at a temperature from about 350°
4 to about 700°F for a period of time effective to reduce the penetration of

5 the resid to essentially 0 and increase the softening point temperature to
6 above 200°F to form a hardened resid suitable for use as the resid feed in
7 the heating.

1 4. The process of claim 3 wherein the air contacting step is for a period of

2 time from about 2 to about 5 hours.



2 time fromabout 2 to about 5 hours. 0 6 0Cr 2004 20 1 5. The prom{eﬁﬁ ﬁnn&
claim1l wherein the discharge orifices are arrayed at a 2 circunfere Q
the prilling head in a plurality of vertically spaced upper 3 and | ower

rows wherein the lower row or rows are disposed at a smaller 4 dianeter
fromthe axis of rotation of the prilling head than the upper rowor 5
rows. 1 6. The process of claim5 whergn the prilling head has a

circunference 2 tapered from an uppernost row of _discharge orifices to a
| over mbst & oWhe ProGessTofclain d mnerem theLdisshargp orifices araiayed @hg head i s

rotated at froma to0.abo . : 1 Ghi a
di anet ér froW%@?géC%ﬂt%&&'@q ﬁgagggg @E@ﬁﬁeﬁ@da@&%ag@% a .
di anet gr frogh@iswér dwd2whBfdin tie RHrow orlrowatdte dishas el i Sinaflar capaci ty
of from about 1 to about 1000 Ibslhr of 5 nolten material per orifice, the
t hr ow- away ddizmegter frosn thecawisbbuatation obthe prillimg head tharcthecenpearow oe
pellets have a size range fromabout 0.1 mmto 7 about 10 nm 1 8. The
proces$ of cI%®%¥n 1 wherein the cooling medium conprises water. 1 9. The
process ofg ciaj C%@eé ' ' i PeAEHat B diftenirel j zing 2
vessel ?at 66’1 il'@é éra ureﬁ@gﬁmggg%%%tgétﬂgmggjoutéEiQOF. 1l 10. ﬁrgdéprocess of
cl ai m 9 wher giperéd domabruppermost mduckdischargetdrificesitd atiowermostrovessel as
an invvardl_{y directed spray. in a cooling zone ab yeﬁ)&%e ba%rh to at. 3 |east
o

partially o-éhetﬂﬁ%c%ﬁﬁféfrqlé'm1|Méhqr§t"'sth§é?"@'ﬂgb isgetated @t roamahout 11, The
f . N ; ! o ;
eoser 2 of notGudEBollf 8668 B hebrfiig ndad BESH thahlcheh 1R AUS in€hBe 2

the coel i ng woasoutls fiedt, thearifices dave &f diahwiter Bomuabdue /3B inohi i atgputhe st eps
of recovering water 2 fromthe separation, filterin th@%@ﬁ%gver d water,
cool i nd the 14e@vanda@ produgtien capaciyifrem abouh to @eopLe higter to the

cool 1 ng Zonemohehindlifial BEOGRRS, He HrdwaRapaRifeRr IS'PomBbUTH fiot %

conpri Ses petroleum eSrd havi'ng a nf ng pol nt tenperature from about
230 t ogabout aBo@F 5 feedmthdithe petbtsciave a8 sizearmedeffroomabhbiet 8 dparmatd on have a
residual water 4 content of fromO0.1 to 10 weight percent. 1 14. The
proces? of cPBPWh M0 MMt her conprising the step of venting vapor from

1 8. The process of claim 1 wherein the cooling medium comprises water.

1 9. The process of claim 8 wherein the bath is maintained in the pelletizing

2 vessel at a temperature from about 40° to about 190°F.

1 10.The process of claim 9 wherein the water is infroduced into the pelletizing
vessel as an inwardly directed spray in a cooling zone above the bath to at

W N

least partially cool the spherical pellets before they enter the bath.
1 11.The process of claim 9 wherein the slurry withdrawn from the pelletizing

2 vessel is no more than about 50°F warmer than the water introduced into
3 the cooling zone.

1 12.The process of claim 8 further comprising the steps of recovering water

2 from the separation, filtering the recovered water, cooling the recovered
3 water and recirculating the recovered water to the cooling zone.

1 13.The process of claim 8 wherein the feed material comprises petroleum

2 resid having a softening point temperature from about 230° to about 350°F
3 and the pellets recovered from the separation have a residual water

4 content of from 0.1 to 10 weight percent.

1 14.The process of claim 1 further comprising the step of venting vapor from

2 near an upper end the pelietizing vessel.



2 near an upper end the pelletizing vessel. 0 6 0 CT 2004 21 15. The
process of claiml further conprising the step of heating an upper [fﬁg 19.2®f‘
the pelletizing vessel to maintain a substantially constant tenpera g

zone adjacent the prilling head during startup. 1 16. The process of claim
1 further conprising introducing steaminto the 2 pelletizing vessel
between the prilling head and the batdy. i 17.The process of claim]l

further conprising the step of transporting, the 2 régfo ered gel | et sdat
anbi ent t diSpEnapmcessofLiaior Afudherearopising &g sigp © %?éunseqn BPPORMYvessel .

i | B. The process of. claim18 further c L S¢: f ing the
2 trandport e%‘o %@ neledzing v§s§8&o 'Bﬁ'nf%@la @Jﬁtéﬁﬂ\'/%% é%@ﬁtzgg@gggg@f or

maki ng,petro Les| b SuAngGtartpet rol eum resid, 2

conpri g ng: %?Jggtéhﬁtgh@?ﬂgﬁ?h?%si d n.a}vi r_lméﬁa penetration greater than O
and a 14 36f TReiprocess oftclaiempdudhen eorbpiising aBtducng sfeam ifodhe at 5 a

tenperature from about 350" to ahout .7007F_for eriod of time effective
to forth a hapelletizing ‘deﬁﬁigﬁ@”%e" CRa Q?Pgr?ngfathgstgagﬁ‘tial ly 0 and a

sof t eni ng | / & ' Mg theéesid into
subst ant i élmﬂé ;E’i%‘?‘%gﬁﬂée'ﬁ gt@ﬁﬁ%ﬁ%cgﬁﬁr_}ﬁgg gl?%%gsqs%gt?argsfbg m 19 further
conpri si ng bryddivaeed palidgislat ehsbiest tenfpesatuce to 2 locatiorarematefeomthe .
Substantial |y spherical, conpositionally honbgeneous petroleumresid 2

pel | et 3 sui t pellelizabpnv@steist i on having a size range between 0.1 and 10 3
nm a penetragion e | ghl Leni | mbelh@turefrom4
about 200'18ti$§l9(5%$4850€§£%?ﬁ Zhrférstﬁ%rug?rﬁ%%@g t@%ﬁ?ﬁn?ﬁ%rﬁfrom 0. 1to 10 5
wei ght ,per cegthnsgditedipeliétt s & Al enfudl esislitivean 10 wei ght percent. 1 22. The
resid pellets of claim?21l conprising a., areﬁ Lsgf?i%%é)ro uch l?.é'na . process
conpri i ndScAmracessfpranaking Rersieum s65id pelletsiroma gt PEITRle t"g%r‘ﬁ’erature
bel ow 2000F and a netration greater than O with air at 4 an elevated

t enper &t ur e g%rrnpgsﬁl riod of time effective to convert the 5 soft resid to
hard rgsid. contacting a soft resid having a penetration greater than O and a

4 softening point temperature below about 200°F with air at

a temperature from about 350° to about 700°F for a

period of time effective to form a hard resid having a

(=1

penetration of essentially 0 and a softening point

~J

temperature above 200°F;
forming the hard resid into substantially spherical pellets.

1 20.The process of claim 19 further comprising burning the pellets as a fuel or

2 fuel additive.

i  21.Substantially spherical, compositionally homogeneous petroleum resid

2 pellets suitable for combustion having a size range between 0.1 and 10
3 mm, a penetration of essentially 0, a softening point temperature from
4 about 200° to about 400°F, a residual water content of from 0.1 to 10

5 weight percent, and a sulfur content less than 10 weight percent.

1 22.The resid pellets of claim 21 comprising a hard resid produced by a

2 process comprising contacting a soft resid having a softening point

3 temperature below 200°F and a penetration greater than 0 with air at

4 an elevated temperature for a period of time effective to convert the

5 soft resid to hard resid.



0 6 OCT 2004 22 t 23. A pelletizer for nmaking spherical pellets froma
normal |y solid feed material 2 that can be nmade nolten at an el evat 8d 0CT 2004
tenperature, conprising: 3 an upright pelletizing vessel having an upper

prilling zone, a 4 sphere-form ng zone below the prilling zone, a cooling
5 zone bel ow the sphere-form ng zone, and a | ower cooling 6 bath bel ow the
cooling zone; 7 a centrally disposed @Rilling head in the prilling zone

rotatable 8 along a vertical axis and, hayin lLE ' arge 9
orifices R3rApeHelgasdot ’W@kF’Qe%PadetC@?P‘guet§ ﬁ&ﬂgﬁﬁ?‘?@%!l%#)@i%{&égd %ﬁﬁ%r ein a

t hrow anway di aget.er I fe ' { Bampaiginglsi de

di ameft%r of thg!?%gcfpg% é{éﬁgepr\bggé%%?aﬁ?%ta;t?%taeﬁ?%?rﬂgp[}{i r?g 'tr?; nol ten feed
materigal to the prihiugight pdlletiZifg seyssl hiaviig areligher il IRGEOBPHRr e- f or mi ng
zone sufficient to allow 14 material di crar ed f.[.omthe g“H’ g head to
form 15 substantially spﬁéhﬁt&xmfm'@ﬂl?a“%g?%g}e REING 29183 FBP G ayi ng a
i quid cooling mediuminwardly,i 1 | lipd at

| east partially solidify%PRE %6@ﬁﬁ%%gﬁ%'gﬂfﬁé®§{q%&%e% "ed(;:b}t‘@efjwion Flhe bat h;

19 a Iine for supplying ¢Re bBHWEHE tdbling Zdme; nozzl es and the bath 20 to
maintafn a depth of the bath in the peIIetizinﬁ_‘ves 21 a line for

. el ;
wi t hdrawi ng a sl urrya cénttaily disposadspiiling head 8b 9{'@"‘@@9 BB fiplatanie
| i qui d-solid separator for recoveri h | t 24.
The peBletizer of claim ??'?QJPt‘ﬁs{'cag%‘ﬁ%r%scfﬁé\:”ﬁéSdaél‘h%(m%gf?gwé{ ssel for
cont acg,i ng a soft resid haiicBg fér thhoWwmgahe déed magesaltradialy autwaniiy, a
softenrng point 4 tenperature bel ow about 200F w tfg]air at a terﬁn?erature 5

from ghout 350 to about WideTeiroa tarqvepweay diametenof the pliRgNEad!s 1€%Rjuce t he
penetration of the resid

0 7 .essent.ial bt JHCS: e softening
poi nt 18 tenperature to aﬂb@@ %ﬁﬁ'dﬁo‘s'?%feﬁfqﬁ@épgepéeg"gﬁgg?%ﬂbI e 9 as feed
material to the prildi@idie’fbplying the molten feed material to the prilling head;

13 a vertical height of the sphere-forming zone sufficient to allow
14 material discharged from the prilling head to form
15 substantially spherical liquid pellets;
16 nozzles for spraying a liquid cooling medium inwardly into the
17 cooling zone to cool and at least partially solidify the
18 liquid pellets to be collected in the bath;
19 a line for supplying cooling medium to the nozzles and the bath
20 to maintain a depth of the bath in the pelletizing vessel,
21 a line for withdrawing a slurry of the pellets in the cooling
22 medium;
23 a liquid-solid separator for recovering the pellets from the slurry.
| 24.The pelletizer of claim 23 further comprising:
2 an oxidation vessel for contacting a soft resid having a
3 penetration greater than 0 and a softening point
4 temperature below about 200°F with air at a temperature
5 from about 350° to about 700°F for a period of time
6 effective to reduce the penetration of the resid to
7 essentially 0 and increase the softening point
8 temperature to above 200°F to form a hard resid suitable

9 as feed material to the prilling head,




0 6 Ocr 2004 23 10 a process line for supplying the hard resid to the
nolten feed 11 supply line. 1 25. The pelletizer of claim24 furthegr,
conprising a solvent deasphalting unit for 2 obtaining the soft re?ﬁhuggmm
t he asphaltene fraction fromthe solvent 3 deasphalting of a petrol eum
residue. 1 26. The pelletizer of claim.?23 conprising a heater for heating
the material 2 supplied to the prillﬁﬁg head. 1 27. The pelletizer of
claim 23 wherein th i : rod ol r f nf er ence
o “the pri 111 ng head ARCE i it sLpPBAT, B YRt oo e T end | over
r ows erein the | owner r gupply linews are di sposed at a smaller 4 radius from
the axis of rotation of the prilling head than the upper raqw or .? rons. 1
28. The pgh|Tie peletizier of alaim2A funbes camprisinga spivept Hgﬁﬁp tng, unit for

circunference 2_.tapered from an uppe A I JiRsitt row. 1 29.
The pel | et | Ztaipinging $7 FP%T@F&'%%SR@B%‘? f’%&’tﬁé@@ tggerrgprl 285 a plurality
of 2 rings | ' iddgorifices forned in an outer

Ci rcun#erencde)éaos?’hfa@ﬁ{acha E?ﬁg@h%reéﬁéi n the rings are secured to the
prillipg hearhé peketizeref claimiZicdmprisiog aheater fordweatingdbedsateral y | ower
ring has a smaller 5 di arr_eti{ethan the preceding ring.. 1 30. The

pel [ et? zer ofuppligdite 2 prllipadiea8onprising a drive for rotating the prilling
2 head at ,trgom APy 8F R Brifides dvel drrayiat Bead has a
3 di ankt e?hﬁb‘%ﬁgﬁéoﬁﬁe}%flk%éﬁes tgég%@t’ﬂlltwg]é#eﬂetﬁ arlld_ wher ei rrl ){%e orifices 4
have a, di anegigiunfifepmdbeithe Prillivg medd troa phoality bfivedically SpacesdiReri on 5

capacity of fromabout 1 to about 1000 | bs/hr of the feed ri per 6
orifice. 1 3and ipwergewsavhergin the lewer oW HNRWE & dﬁP@S@g’oﬁtﬁéwg* um

conpri ses wat &ys oagmefa%g pﬁ.;ottggavféfﬁen&inﬁngtﬁ@é&thérpmerr@mw 8g the bath

in the*pell &t vesse nperature from about 40 to about 190
OF, 1 32. Theweel letizer of claim31 wherein the bath conprises a mnor
amount of a 2 non-foani.n 'Sué'; a%t ant

.0 6. OCT 2004 .
1 28.The pelletizer of claim 27 wherein the priliing headohaszg circumference
2 tapered from an uppermost row to a lowermost row.
1 29.The pelletizer of claim 27 wherein the prilling head comprises a plurality of

rings of different diameter with orifices formed in an outer circumference of

2

3 each ring, wherein the rings are secured to the pritling head in a

4 descending fashion whe‘réin each successively lower ring has a smaller

5 diameter than the preceding ring..

1 30.The pelletizer of claim 23 further comprising a drive for rotating the prilling

2 head at from about 10 to about 5000 rpm wherein the prilling head has a

3 diameter from about 2 inches to about 5 feet, and wherein the orifices

4 have a diameter from about 1/32-inch to about 1-inch and a production
capacity of from about 1 to about 1000 Ibs/hr of the feed material per

6 orifice.

1 31.The pelletizer of claim 23 wherein the cooling medium comprises water

2 and further comprising a cooler for maintaining the bath in the pelletizing

3 vessel at a temperature from about 40° to about 190 °F.

1 32.The pelletizer of claim 31 wherein the bath comprises a minor amount of a

2 non-foaming surfactant.



33. The pelletizer of claim23 wherein the vessel conprises a conical
bottom 2 containing the bath and a discharge at a | ower end of the conical
bottom 3 for feeding the slurry into the withdrawal line. i 34. Th 0
pelletize r of claim33 further conprising a filter for filtering cooPFLéﬂﬁ
medi um recovered fromthe liquid-solid separator, a cooler for cooling 3
the recovered cooling nediumand a rec4culation line for recirculating 4

S5 e thes s SR eREL b PSS BRhelehSel dortisos R BRI bEBRR: Lt Tho
pel | etiyzi ng ES@&%.ng%hé@amTaﬁgeedléa%%résrat adbwel Bhi\of thd BbARST bGRERY 1 S1 N0 a

heat er for heat'ing end he vessel to maintain a

substanti al | fbrdeedrr@rthetmmpm theewithd eawa [laldj acent the prilling head. i
37. The pelletizer of claim23 wherein the qui d-sal i d separator conprises
a 2 vilbr a¥4.nheqslletizer of daim 3adurtiaen @qmwmafa fites fon filtering ¢aRlindc onpr i si ng

bt ent t enper PEPwM 5FBTER ol el LT sPopieBtt, e eREbBgr  her
conprising a |ie reebveralr bliAg Medibfnand 8 rediFculativh W%’r&eﬁ@éﬂhﬂﬂgzone-

4 the cooled cooling medium to the supply line.

1 35.The pelletizer of claim 23 further comprising a vent for withdrawing vapor

2 near an upper end the pelletizing vessel.

1 36.The pelietizer of claim 23 further comprising a heater for heating an upper

2 end of the vesse! to maintain a substantially constant temperature zone

3 adjacent the prilling head.

1 37.The pelletizer of claim 23 wherein the liquid-solid separator comprises a

2 vibrating screen.

1 38.The pelletizer of claim 23 further comprising a conveyor belt for

2 transporting the pellets from the vibrating screen to ambient temperature

3 storage.

1 39.The pelletizer of claim 22 further comprising a line for introducing steam

2 into the sphere-forming zone.



