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[ 00011 The present invention relates to a nethod for
determ ning the source of fouling in petrol eum
thermal conversion process units. Mire particularly,
the invention distinguishes whether fouling occurs
due to feed entrainment of small feed droplets or
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converting heavy hydrocarbon feedstocks to nore

val uabl e | ower boiling products. Exanples of two types
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coki ng process 'units typically include a coking zone,
a stripping zone, a coke regeneration zone and
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Z6ne lcgltljta}n(%ng a horizontal moving bed of fluidized hot solids recycled from a

heating zone. The reaction zone is operated at a temperature from about 450°C
to about 700°C (842 - 1292°F) and under conditions such that the solids
residence time and the vapor residence time are independently controlled.
Conventional fluidized bed coking process units typically include a coking zone,
a stripping zone, a coke regeneration zone and overhead equipment. A heavy
carbonaceous petroleum feedstock is introduced into the coking zone containing
a fluidized bed of hot solids, preferably coke. The feedstock is distributed as
uniformly as possible over the surfaces of said coke particles where it is cracked
to vapors and carbonaceous material that is deposited onto the hot solids. The
vapors pass through cyclones that remove entrained coke particles. The vapor is

then discharged into a scrubbing zone where any remaining solid particles are



condensed products, which go to the fractionator. A

slurry of heavy liquid and solid particles, which
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particles, is recycled to extinction fromthe scrubber

to the coking zone. [00031 During the coking process,

the feedstocks that are thernally cracked have a
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determining the source of such fouling so that the process conditions or the

overhead equipment can be adjusted to reduce and/or mitigate coking.

SUMMARY OF THE INVENTION

[0004] In accordance with the present invention there is provided a method
for determining the source of coke deposits in overhead equipment in a heavy
hydrocarbon thermal conversion process unit for converting heavy hydrocarbon

feedstock to lower boiling products, comprising the steps of:



nonvol ati |l e nmetal - contai ning organi ¢ conmpound is
conpletely soluble in said heavy hydrocarbon
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thermal conversion zone of gaid process unit to | ower
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[0005] In a preferred embodiment, the nonvolatile metal-containing organic

compound is selected from the group consisting of metalloporphyrins, metal

acetylocetonates, and metal naphthenates.

[0006] In another preferred embodiment of the present invention the metal-

containing organic compound is copper naphthenate.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The present invention is suitable for use in any heavy hydrocarbon
thermal conversion process unit where coke deposition of overhead equipment is
a problem. Preferred heavy hydrocarbon thermal conversion processes include

coking processes. Coking is generally carried out at relatively high temperatures



[ 0008] Suitable heavy hydrocarbon feedstocks for use

in the present invention include vacuumresids,
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oil, pitch, asphalt, bitunen, coal slurries, coal

i quefaction bottons, the heaviest fractions of tar

sand oil and shale oil, and mxtures thereof. Such

feeds will typically have a Conradson carbon cont ent
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to 40 wt. % Sulfur 0.75 to 8 wt. % Hydrogen 9 to 12
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about at |east 90% soluble in said feedstock, nore
preferably about at |east 95% soluble in said
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Conradson Carbon 5 to 40 wt. %

Sulfur 0.75to 8 wt. %

Hydrogen 9to 12 wt. %

Nitrogen 0.2 to 2 wt. %

Carbon A 80 to 88 wt. %

Metals 1 to 2000 wppm

Boiling Point 340°C (644°F) to 650C° (1202°F)
Specific Gravity -10 to 35° API

[0010] This invention uses a hydrocarbon soluble, metal-containing
compound that is substantially nonvolatile at the temperature of the thermal
conversion process unit in which it is used as a tracer to distinguish the source of
fouling in reactor overhead areas. The compound will preferably be about 95%

nonvolatile, more preferably about 98% nonvolatile. Additionally, the



nmetals that are typically inherent in the feed.
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nmet al | opor phyrins, netal acetyl ocetonates, netal

napht henates and the like, nore preferred is copper
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fluidized bed coking unit can be any conventional fluidized bed coking process

unit which usually comprises a coking zone, a stripping zone, a coke

regeneration zone and overhead equipment.

[0012] In broad terms, the operation of the fluidized bed coking unit proceeds
as follows in the present invention: a heavy hydrocarbonaceous feledstock is
doped with an effective amount of a substantially nonvolatile, hydrocarbon
soluble, metal-containing compound, preferably copper naphthenate. By
effective amount we mean the minimum amount of metal-containing compound
that will result in a measurable amount of metal from the compound in the

deposits resulting from the thermal conversion process. Such an amount will



t hermal conversion zone of a thermal conversion
process unit, which is preferably a coking zone that
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"seed" particles, which are typically coke particles.

A fluidizing gas e.g. steam is admtted at the base

of coking zone in an anount sgfficient to obtain
superficial fluidizing velocity. Such a velocity is
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- particles. The gaseous effluent from the heating zone, including entrained

solids, passes through one or more cyclones, wherein the separation of the larger
entrained solids occur. The separated larger solids are returned to the heating
zone. The gaseous effluent from the cyclones is removed from the process unit.
Conversion products from the coking zone are passed through a cyclone to
remove entrained solids that are returned to the eoking zone through a dipleg.
The vapors leave the cyclone and pass into a scrubbing zone. The scrubbed out
stream of heavy materials and solids are recycled to the coking zone. The
scrubbed coker conversion products are removed from the scrubbing zone for

fractionation in a conventional manner.



[0013] While the above invention has been described in
connection with a fluid coking process, it may al so
weoopissoed ced in short vapor contact tinme cokiPQr/usion3/035572
short vapor contact coking, the feedstock in the
present invention is doped wth the nonvolatile,
hydrocarbon sol ubl e, netal-centaining conpound,
preferably copper naphthenate as previously described.
Thi s doped feedstock is then fed to a short vapor
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include those selected from the group consisting of silica, alumina, zirconia,
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magnesia, or mullite, synthetically prepared or naturally occurring material such
as pumice, clay, kieselguhr, diatomaceous earth, bauxite, and the like. The solids
will have an average particle size of about 40 to 1000 microns, preferably from

about 500 to 800 microns.

[0014] When the doped feedstock is contacted with the hot solids, which will
preferably be at a temperature from about 450°C to about 700°C, more
preferably from about 500°C to 600°C, a major portion of the feedstock will be



-8 cracked and vaporized. The residence tinme of vapor
in the short contact tinme thermal zone will be an

we@tdogosioze anount of tine so that substantial BEDUSHAS/Y35572

cracki ng, does not occur. This anount of tinme wll

typically be |l ess than about 5 seconds, preferably
| ess than about 4 seconds, e preferably | ess than
about 3 seconds. That portion of the feed that does

cravked rid diapbeilzyd VEROfds#den0d tied B6dpor th
sol i ds w Ia? forma thin filmon thd olgotﬂgbo ng't@%acttlme

thermal zane miHde ameffedtiveramdimtofitimel ko thet Bubstential secondary

or mat i.on of additjanal vapor, products and a m nor
5?:‘533}?& dos RO IGSHEC ammpf timeguibbipically omless hammbout 5

T LT oL e e ot
s&&ﬂﬁl@d’fha@cﬁﬁ@h&ﬂtﬁe Fedamhab@ols et ikithetflattREPLTize! dn Ldhtact

preferred that the short vapor contact ti'mereactor

“b‘dfl hedradisetdds will ifetmtarthlrf fitrh @nathe hiot selids wherfeanaclaa
mabout é,glllto 1, pr erablg fromabout 10 to 1. %t

“’ra§ 0Bs BeCY deisTesBHS m Hherformatipn ef pdditionsal vapsk produats and a

ool SN b Bt B Pobitg B A SBEE The
redideeh alrh® 8f kBRI the RhsRa Br f‘a‘ﬁth?t mﬁ% Aﬁ&@%ﬂ?%%&ﬁ

requirenents is wthin the avin
abmm 51‘@{!60 séddnds, preferablyafrom aimhttlbue 30i sleboﬂikw; Ib@s preferred

Zl_&g r.at ed here| n any further. A'm nor anmount of the
V%P(Pl‘l Coabarddinpe machxéve;mqrated &¢ that thpsatiopfisalids to

S 2 ST ISRRYI s KL TR

thea gy p&@f.&eﬁﬁﬁb 'o? Rofid#io %Htﬁmgﬁgpﬁﬁngrﬂﬂ th\é"d‘lelat BSlance

substantially lower in both on an
reqmmmenmﬁ theshgracetatitimb eeacior. gissatiatiag dhe b19d sdliddfatio

osni)s i nithe ,overhead equi pnment assocliated with a
Wﬂtﬁgﬁ% alapge yequiresments is within theakil ef thiase hawing ordinary skill

[ th nvel atil.e . netal .
i 5% o2 B st BifT T b Blaboricd Bitedh By pirthe & minor amount of
therfeé&tadlt willQeposiPeh the %ﬁ’l‘ﬁchés%tthg Gorny B?E I‘i’ii)ug’m{ehead
equi pnent where coke deposition 1s a ? I ncl ude
carbenaczous veatbeall Metd conponentsesill asol db%mt oxk the Eahﬁcles.
cl one are generally, analyzed first cause t
Ce qyRat YsthPW@PPrlzeﬁl pertwethe%e@ém@rmecm anjt will bei ds

{aﬁlaiﬁ%{’v@ it lBg‘cht agnra son }lbeorns’:«!u{)d1 mefals when compared to the

original feed.

[0015]  The deposits in the overhead equipment associated with a thermal
conversion unit are analyzed for metal residue of the metal of the nonvolatile
metal containing organic compound, which will most preferably be copper.
Non-limiting types of overhead equipment where coke deposition is a problem
include reactor overhead areas, cyclones, and the like. The cyclones are
generally analyzed first because the cyclone is the first place to condense heavy

liquids after leaving the thermal conversion zone.
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deposits may be due to a variety of causes, including
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feedst ock. The copper oxide residue in the reactor
over head areas identifies the source of the coke
deposits. If there are Iomghﬁyels of copper residue
in the overhead areas, then t'he coke deposits are due
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process unit, e.g. the fluidized bed coking unit can

be lowered to 510C and the short contact tine coking
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[0018] When the coke deposits are due to feed entrainment, mechanical
changes can be made to the feed nozzle droplet spray size and/or to the mixer to

get better mixing and more effective capture of the small feed droplets.

EXAMPLE 1

[0019] A test was run to verify the ability to keep copper from volatilizing
and being carried over with the volatile feed components and products in the

current invention.

[0020] A vacuum resid feed was doped with 192 ppm of copper as copper
naphthenate. A short path vacuum distillation was performed. Several boiling

fractions of product as well as the coke resulting from pyrolsis of these fractions



were anal yzed for carryover of copper. The resulting

mat eri al bal ance (Table 1) indicates essentially no
weoppes3oepl atility. EXAMPLE 2 [0021] A test WaBCT/US2003035572

denonstrate the source of fouling in overhead

equi pnent. [0022] A pilot plant coking unit capable of

replicating the foulant forngg_in a commercial unit

was used to test whether the deposits overhead of the
vogre lanakyzeddorcdroyoved ofyoppért TRt therfiaPhaldce (Table 1)
.vapor condensation. A typical pilot plant run

indiqates essendipllymogcopper volasility.i ng period at a

tenperature around 585C and pressure of 1.0 bar. The

vacuumresid feed rate was maintained at 1.2 kg/hr
E0AMIPKE oci rcul ation rate was maintained at 20 kg/ hr.
“The coke used in the circulation typically cane from

the comercial unit, which has a Sauter nean dianeter

of about 700 m [0023] The vacuumresid feed was doped
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the feed was sprayed onto a bed of coke particles in a
CHWPI®™Y e ew coking pilot plant. After the pilot run,

the cycl one deposits were anal yzed for copper. The

cycl one deposit contai ned 80 wppm of copper conpared
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our days of operation, three sanples were taken of
t he overhead foul ant, which showed

[0023]  The vacuum resid feed was doped with 150 ppm of copper as copper
naphthenate before the feed was sprayed onto a bed of coke particles in a twin
screw coking pilot plant. After the pilot run, the cyclone deposits were analyzed
for copper. The cyclone deposit contained 80 wppm of copper compared to over:
1000 wppm expected if the deposit was formed by feed entrainment. The 80
wppm copper could be contributed from coke fines. The coke fines contained

copper because it was derived from the feed which contained 150 wppm copper.

EXAMPLE 3

[0024] Based upon the successful demonstration that vapor condensation was
responsible for foulant coke deposits in the cyclone of the small pilot plant, 50

wppm of copper as copper naphthenate was added to the vacuum resid feed



copper levels of 18, 14, and 12 wppm for the three

di fferent sanples conpared to about 350 ppm Cu
wexpaeoswed i f feed entrainment is the nmajor fouPCTYS2003/035572

mechani sm I n addition, sanples of deposits taken near

the reactor outlet were analyzed for a result of 13

and 17 wppm copper. These regglts confirmthe smal |

pilot plant results. EXAMPLE 4 [00251 A detail ed
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EXAMPLE 4

[0025] A detailed analysis of metals was carried out on coke samples of
Example 3 taken at the mixer outlet, before the cyclone. These results,
summarized in Table 2, show that as the surface of the calcined starting coal tar
coke is displaced by product coke there is a decrease in the chromium level
present in the original coal tar coke, but absent in the feed. Nickel and
vanadium levels both increase over the short time period of the run, approaching
equilibrium levels after four days. The level of copper gradually increases to

345 ppm, the expected level, in the coke.
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-13 TABLE 2 METALS (I CPES)* ANALYSI S OF DOPED SHORT
VAPOR CONTACT TIME THERMAL PROCESS UNI T REACTOR
OUTLET SAMPLES | N PPM ( AVERAGE TEMPERATURE 592C
[ 1098F]) Sanple Co Cr Cu Ni “Description VGO React or
-- 27.6 -- 23.9 8.39 CQutlet (RQ), 590C Vac. Resid
RO, -- -- 103 39.6 48.f8 }JF% at 1/2 feed rate Vac.
Resid RO, -- 22471747 5.1 1 hr. at 1/2 feed
G L P\

SHRTVRBER 'dontaer

THERMAL PROCESS UNIT REACTOR OUTLET SAMPLES IN PPM
(AVERAGE TEMPERATURE 592°C [1098°F})

Sample Co Cr Cu Ni
Description

<

VGO Reactor -- 27.6 -- 239 8.39
Outlet (R.O.),
590°C

Vac. Resid R.O., - - 103 39.6 48.9
1 hr. at %2 feed rate

Vac. Resid R.O., - 22.4 71.7 472 35.1
1 hr. at % feed rate, : :

Filter Sample, No

N, under box

stored in.

Vac. Resid R.O., - 10.7 191 153 201
20 hrs. '

Vac. Resid, R.O., - - 158 136 181
25.5 hrs.

Vac. Resid, R.O., 5.38 - 319 293 383
593°C,
87.5 hrs.

Vac. Resid, R.O., 6.02 - 345 322 422
588°C,
90 hrs.

* Inductively Coupled Plasma Emission Spectroscopy



20 hrs. Vac. Resid, RO, -- -- 158 136 181 25.5 hrs.
Vac. Resid, R O, 5.38 -- 319 293 383 593C, 87.5 hrs.
wy/aw4/05824 d, R O, 6.02 -- 345 322 422 588C, POI/OSBN3/635572

I nductively Coupled Plasnma Em ssion Spectroscopy WO
2004/ 053024 PCT/ US2003/ 035572 -14- CLAIMS: 1. A
met hod for determ ning the sqyrce of coke deposits in
overhead equipnment in a heavy hydrocarbon thernal
conversion process unit for converting heavy
opdrerar bon feedstock to | ower boiling products,
conprising the steps of: (a) introducing an effective

nmoun} of.a egst one onvol ati | e netal -containing

r gaﬁé“&n%tbﬂ‘éctjeﬁ aeﬁeﬂ%lgnag Wrcmh?@et‘aﬁiwﬂs arguerbead

i i | - | Qi organi G
i N R R S b

denirgy ey 8¢aBlN fEdst R 6abWeP Yo isi
(??lact??; of y;lgﬁg heavy hydrocar bon feg%gtrgéghc@ compnsing
tb@ﬁteasmfhg said nonvol atil e netal -containing organic

conmpound in a thermal  conversion, zone of said process
unit to |ower @ditrodyicing e etisctiviiameynt of atdeast one
vapor progygt, N i d_vapor . prodyct
stream t hr ougl?f%at{lg ?x@@ggl?&%nggﬁ?% 8%5_%%? C%TQBS t‘_’ a heavy
equi pnent 13&%6€4rBbR dedtistdtks dihicH Sigd %hvoﬁﬁ!@’ﬁfefdl
process unit wherein coke deposits formin at le
one organic compound is completely soluble in said heavy

Qdntaining
ast

hydrocarbon feedstock;

(b) converting at least a fraction of said heavy hydrocarbon
feedstock containing said nonvolatile metal-containing organic
compound in a thermal conversion zone of said process unit to
lov’ver boiling pr(\)ducts and resulting in a vapor product stream;

(c) passing said vapor product stream through at least one
piece of overhead equipment associated with said thermal
conversion process unit wherein coke deposits form in at least one
piece of said overhead equipment;

(d) analyzing said coke deposits for the metal of said
nonvolatile metal-containing compound; and

(e) determining that the source of coke deposits in said at
least one piece of overhead equipment results from: (i)
condensation of said vapor product stream or (ii) entrainment of

feed droplets in said vapor product stream.

2. The method of claim 1 wherein the thermal conversion process unit is a

fluidized bed coking unit.



pi ece of said overhead equi pnment; (d) anal yzing said

coke deposits for the netal of said nonvolatile
worgaoalosent ai ni ng conpound; and (e) determ ni NBCT/N81003/035572

the source of coke deposits in said at |east one

pi ece of overhead equi pnment results from (i)

condensati on of said vapor pggguct streamor (ii)

entrai nment of feed droplets”in said vapor product

Xt ThemetRod Fhelaiatwtiein Hhethshivblyig '&ﬁétﬁl-&%ﬁa&@ﬁ‘% BRdanic
conversion process unit is a fluidized bed coking
aempounygs zee¢tcaisBonimeEllopSG M Eine 3me T2 acdiFloddtorklies, and
netgod of claim2 wherein the nonvolatile

heiakpaphy £34%E#-ng organic conpound is sel ected from
nmet al | opor phyrins, nmetal acetyl ocetonates, and netal
napht henates. 4. The nethod of claim3 wherein the

M oTNOhRthdEo - i VM 1 i ~
copper naphtEgﬁg?éfﬂg%ﬁ¥ﬂgﬁ%g?%od g?ngﬁg?§?¥9gﬁ®§gq%¥uc
dosgmundris cppperenayhtlematdiead equi pnent is a cycl one.

6. The nethod of claim5 wherein the nonvolatile

net al - cont ai ni ng organi c conpound i s copper

e G.:. Thei , met hed of clajim 1. wherein the .
el DR Eot i i) st oné afteRi ot pvertiea ochigoment s a
C%EM' consi sting of vacuumresids, atnospheric resids,
eavy and reduced petrol eumcrude oil, pitch,
asphal t, bitunen, coal slurries, coal |I|iquefaction
io t ons andd(gt(he, heavi est fractions of tar sand oil and
emsthod ef claiia Sihersin B nonyolatde mrtalecontaining ergapic

r re feedstack | s selected fromthe group
"%ﬁ’s"?‘@ailgggwe’f\}ba@hﬁfﬁﬂa Sids, atnospheric resids, heavy
and reduced petroleumcrude oil, pitch, asphalt,
bi tunmen, coal slurries, coal |iquefaction bottons,
Tarkhe inethvebof daim firwhéretmthedfeavgthydaowhrbon feudetoskas selected
oil. 9. A nethod for determ ning the source of coke
fm@l@q gouprcansstingaf vaguumsesids, atmospheric resids, heavy and

reduced petroleum crude oil, pitch, asphalt, bitumen, coal slurries, coal

liquefaction bottoms and the heaviest fractions of tar sand oil and shale oil.

8. The method of claim 6 wherein the heavy hydrocarbon feedstock is selected
from the group consisting of vacuum resids, atmospheric resids, heavy and
reduced petroleum crude oil, pitch, asphalt, bitumen, coal slurries, coal

liquefaction bottoms, and the heaviest fractions of tar sand oil and shale oil.

9. A method for determining the source of coke deposits in overhead equipment |
in a fluidized bed coking unit for converting heavy hydrocarbon feedstock to
lower boiling products, comprising the steps of:

(a) introducing from about 10 to 1000 wppm of copper

naphthenate into a heavy hydrocarbon feedstock;

(b) converting at least a fraction of said heavy hydrocarbon

feedstock containing said copper naphthenate in a thermal



in a fluidized bed coking unit for converting heavy
hydr ocarbon feedstock to |ower boiling products,
W@ owpos®eng the steps of (a) introduci ng fromBODUS2008035572
to 1000 wppm of copper naphthenate into a heavy
hydr ocar bon feedstock; (b) converting at |east a
fraction of said heavy hydr.ﬁ rbon feedstock
contai ning said copper naphthéenate in a thermal WO

2004/ 053024 PCT{d#520484 e&&&aﬁsald%@kﬁgmﬁf & B’@veé%ﬂlﬁg

said coking unit to |ower boiling products an

resulting in a pi@piuctspamdctasnlhngmamapbr:ﬁ;rq@a&ﬁsmal d
vapor product ﬁé&eamthro gh at |east one piece of
over head equi pn¥SAP2gRS e tV@BOI?\PdeUf/hmemkhmgghrat least one

s <48 L BT 85 A58 i
deposits f\@heﬂéhﬁc&&o@ﬁfosﬂ@'if&ﬁﬁi aﬁﬁﬁﬁrdﬂerﬁl & b &Hid Ui}@ ead

source of coke deposits in said east” one plrece O
over head exuipment; results from (i) condensation of
sai d vapor product or (ii) entrainnment of feed
droplets in sai@ ¢apyring seideekederasits fanthe noppexstandd

of claim9 wher | eas of .ov

equi pnent is a @?éﬁ%‘ﬁ&"&&?ﬁ%ﬁﬁe ﬁ%‘frﬁsgfﬁf’ﬁ% Eﬁ??ﬁ"@ in said at
wherein the SR OGRY ‘@ﬁﬁ‘% ed
fromthe gr%%gﬁg?r113| sting H;?aﬁlé mEquglls%SJE‘lﬁs ﬁ%h{ec(b

at mospher |qondelssadimn dfesaid/vapud produktteediip eatraingiemit of feirl
oil, pitch hal t, bitumen, coal .slurries, coal

| i quef act |4§ﬁph§ noveid YapprpreduetsiTeast. fractions of tar
sand oil and shale oil. 12. A nethod for thermally
converting a heavy hydrocarbon thermal conversion

10" ouRSHethyd off Qhing QVWEéﬂe'a'ﬂ GeREBNY it rcﬂ'%%ﬁ%gd 8umqment isa

feedstock to | ower [1ng products, conprisin
cgtleps of (a) intr oduc:| ng fromabout 10 to 1000 wppm of

at | east one
11. The method of claim 9 wherein the heavy hydrocarbon feedstock is selected
from the group consisting of vacuum resids, atmospheric resids, heavy and

reduced petroleum crude oil, pitch, asphalt, bitumen, coal slurries, coal

liquefaction bottoms and the heaviest fractions of tar sand oil and shale oil.

12. A method for thermally converting a heavy hydrocarbon thermal conversion *
process unit for converting heavy hydrocarbon feedstock to lower boiling
products, comprising the steps of:
(a) introducing from about 10 to 1000 wppm of at least one
nonvolatile metal-containing organic compound into a
heavy hydrocarbon feedstock, which said nonvolatile metal-
containing organic compound is substanfially soluble in said

heavy hydrocarbon feedstock;



nonvol atil e nmetal -contai ning organi c conpound into a

heavy hydrocarbon feedstock, which said nonvolatile
woreaoalos3oeont ai ni ng organi ¢ conpound i s subst anPCEIUB3003/035572

soluble in said heavy hydrocarbon feedstock; WO

2004/ 053024 PCT/ US2003/ 035572 -17- (b) injecting said

hydr ocar bon feedstock contai 3gyng said nonvolatile

nmet al - cont ai ni ng organi ¢ conpound through a feed

nozzle to said (H)enjeeting saiddrylrochrbo® ERFStdeR  dontdifilng said

converting at least a _fraction of said heavy

hydr ocar bon f ekenstodatide sastaktontainisgdrganic compotiad threugh a

net al - cont ai ni n& or i.c compound in a thernal .

conver si on zone Sflné’gf%gtotsﬁ rm EEIOMPEICSsR YBIt;

unit to | ower bgil.j . |L in.a

vapor product s ?é’g‘?}%‘?é’g%gg‘i@%g‘gggﬁ‘g%gsélgg%ﬁ‘yxwéfocamn

stream t hrough fedétedls boMating s&idet HonP¥REINE A al-containing

equi pment associated with said thermal conversion

process unit whengenie comkpouwhehinsi therhak conversion zbrasf said

one pi ece of sajd overhead,equi pnent; (e) analyzing
sai d coke depogt:hf’gn?]cﬁont"ﬁ%“%i”&?ceﬁ? ugla,gtqiowmhgg preducts

net al - cont ai ni —({ i, ni.ng t hat

t he-source of g%k&é&gglg%gﬁ&?ﬁ?ogg?cgﬂeﬁtw? 5t one

pi ece of over he@y passih®Baatvapes ptdduct 5@88m through at least one
condensation of said vapor product or (ii) entiainnent

of feed dropl giscé of eeirieacipquipprent associttedanith aj) thermal
| owering the tenperature of said thermal conversion
process unit orCOUYErSIOR PrRseshunit ¥rhsesincoke dsposits torm in at

duct : i th
boke dopos i s ‘SRS G SEChEGI ABPlen Y (1€
( P% af“, 32 ting t@Pahf9ging®azd 6SkePdepBsits Fr ¥ rAdtal of said
e ec

nonvolatile metal-containing compound;

(f) determining that the source of coke deposits in said at
least one piece of overhead equipment results from: (i)
condensation of said vapor product or (ii) entrainment of
feed droplets in said vapor product stream;

(g) lowering the temperature of said thermal conversion
process ﬁnit or increasing the temperature of said vapor
product stream by an effective amount when the coke
deposits are due to condensation of vapors; or

(h) adjusting the feed nozzles or mixers by an effective
amount when the coke deposits result from feed

entrainment,.

13. The method of claim 12 wherein the thermal conversion process unit is a

fluidized bed coking unit.



anount when the coke deposits result fromfeed
entrai nnment. 13. The nethod of claim 12 wherein the
W b@rsdozconver sion process unit is a fluidi zedI/bsmo3/035572
coki ng unit. WD 2004/ 053024 PCT/ US2003/ 035572 -1 8
14. The nmethod of claim 12 wherein the nonvolatile
met al - contai ning organic cogpound is selected from
met al | opor phyrins, metal acetylocetonates, and netal

Haphéardicbof daim IQQNH@%ﬁPﬂlleoﬁdetﬁé Meté(l’ﬂ%rﬁélﬂlﬁﬁ&gan@
nonvol atil e netal -contai ning organic conpound IS

covppwindria pnlen@daﬁr@n métalloherphyrine gmefal atetytockfonaey; eand
t i ece of overhead equi pnent is a
risfe] SrditnGhsted

he met hod of claim 12 wherein the heavy

hydr ocarbon feedstock is selected fromthe group
consi sting of vacuumresids, atnospheric resids, heavy

180 dTiecahedsll PRd1alh @ kl'ﬁfﬁél‘éﬂ?th@' ﬂoanlattﬁé‘ me@ﬁp&ﬁﬁ!ﬂn}mg %rﬁgnic

bitumen, coal slurries, coal Iliquefaction botto
CDh’@dm@duseeppémmphﬂmmtmf tar sand oil and shale oil.
18. A nethod for thermally converting a heavy
hydrocarbon t hermal conversion process unit for

r edstock | qwer. . .
b0| ngeﬁg)rcf;@aﬂgmwg \x?'%% %‘P ﬂeéisf fue g]teg% 9 8ye1?n§51d equipment is a
cya[roh@dum ng fromabout 10 to 1000 wppm of copper .
napht henate into a heavy hydrocarbon feedstock wherein

sai d copper naphthenate is substantially soluble; (b)
oy t&s%gzgﬁagg%%gmgaazsﬁ :
t
SRRl R ) b e ARG B aBligs beavy
afi@ PRI tHN N CORRESi] rﬁﬁ!}{ hepaile bhtﬂnfént BSélrE'?ﬁrrTes coal

conversi on zone of said coking uni’t to | ower
liquefaction bottoms and the heaviest fractions of tar sand oil and shale oil.

18. A method for thermally converting a heavy hydrocarbon thermal conversion
process unit for converting heavy hydrocarbon feedstock to lower boiling
‘products, comprising the steps of:
(a) introducing from about 10 to 1000 wppm of copper
naphthenate into a heavy hydrocarbon feedstock wherein
said copper naphthenate is substantially soluble;
(b) injecting said hydrocarbon feedstock containing said
copper naphthenate through a feed nozzle to said thermal
conversion process unit;
(c)converting at least a fraction of said heavy hydrocarbon
feedstock containing said copper naphthenate in a thermal
conversion zone of said coking unit to lower boiling
products and resulting in a vapor product stream;
(d) passing said vapor product stream through at least one

piece of overhead equipment associated with said coking



products and resulting in a vapor product stream (d)

passi ng sai d vapor product streamthrough at | east one
wW@R@a o534 over head equi pnent associ ated wi th sBETIUS2003/035572

coki ng WO 2004/ 053024 PCT/ US2003/ 035572 -19 unit

wherei n coke deposits formin at | east one piece of

said overhead equi pnent; (Q% anal yzi ng sai d coke

deposits for the copper; detérmning that the source

of coke deposi tunit wherdisl ceke Hegssits fBAR iR iaLte@sPbne piece of said

over head equi pnment_ results from (i) condensatio o?

sai d vapor prodwéerhead gquipment;r ai nment of feed

droplets in said, vagor. product. stream .(f) |owering
t he tenperatur e(gbfmgé{?‘&gtsﬁléf?@?e ts §o1gthe ooppe®ss
unit or increagieiGnli id vapor .
product str eamsdby aﬁﬁgﬁ@%‘? ﬁl\r?zstogﬁr%u%t Cﬂ%e‘ﬂept"ﬁﬁs hiaid at least

deposits are dWheslcCOOHERGEREPEqEPmEAPRIShIts Fork )
adjusting the feed nozzles or m xers by an effective

amount when t heoondkesatiopaisaid vaporiprodudrorf(iyentrainment of
entrai nnent. 19 gilrgg}pget hod of claim 18 wherein the
thernal conver Sf gls 48 sgid; vapps preduct sirgamed bed
coking unit. 2 t.hod of I me18. where at | east
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19. The method of claim 18 wherein the thermal conversion process unit is a

fluidized bed coking unit.

20. The method of claim 18 where at least one piece of overhead equipment is a

cyclone.

21. The method of claim 18 wherein the heavy hydrocarbon feedstock is
selected from the group consisting of vacuum resids, atmospheric resids, heavy
and reduced petroleum crude oil, pitch, asphalt, bitumen, coal slurries, coal

liquefaction bottoms and the heaviest fractions of tar sand oil and shale oil.



