WD 2004/ 069963 PCT/ US2004/ 000369 SETTLI NG Al DS FOR SOLI DS | N HYDROCARBONS
FI ELD OF THE | NVENTI ON The present invention relates to treatnents for
accel eragj ‘ ing of solids in hydrocarbon fluids._The treatnments of

t he- pr eggﬁitﬂlﬂ?ﬁ@ég% % on are particularly effective at ac%%ﬁﬁ?@ﬁ‘}?&“?he
settling of FCC catalyst fines in an oil slurry. Unrefined hydrocarbons
such as crude oil, resids and bottom streans often-contain finely divided

solid matter, whi gpafiRNG mSFWSQEQy?%wk%#{)NgEr use or

processt ng. These solids can i1 nclude so e nature, finely
di vi ded Si i | and coke, and netal oxide and sulfide.
corrosi ﬁ?@ﬂ%?‘*#h@@@?ﬁ%s may also include traces of netal particles
such as |l ead, nickel, chromumand-the like, and salts thereof. For

i nst ancel MG PIETeRt DYERIQR fetates tg dreatm I“&ﬁ?@%“ﬁ%P&Wﬁw.bed of
zeolite type alumnosilicate clay particles to crack heavy petrol eum

fract i ontydrorarbani fiytidser The treatinenis of the pe¢sentanventioarmpepatiovledy effetiveat al yst i s
eventual | y deactivated by poisoning or coking. These spent fines nust be

renoved dtraotelérlingtGe seuling GRFCC oatalystfirses $n a9oil BRitry. S| urry containing fresh
catal yst can be added. Sone of this slurry oil containing the spent fines

Is then It.h\ﬁféieifi&i ﬁ?ﬂré@a{r}ﬁdrﬁ%ubﬁ' ad @:ﬁﬁ@gﬁ,’resi&@%tﬁﬁp%ﬂt%}iﬁ'o%ﬁgoﬁ?t&ﬁ Sonet | mes

used to accelerate the separation process. atirve and synthetic
conponent S, of;. t sl.urry oil,.have a di.spersant, effec ich retards the
cet T nghis pivldef spl alict vy ey B FERO e SE Bt o o

conbi nation of certain ,ghem’,cal agents, when added to the slurry oil, have
an ant i -RIPS§5&Rgahpessrsoligs ean npkude polidsof aapi-fike aatues, dinglyividedsiigds; | i ng

process. This produces a cleaner decant oil (typically <0.05 w
" clays, silt and coke, and metal oxide and sulfide corrosion solids. These solids may

also include traces of metal particles such as lead, nickel, chromium and.the like, and
salts thereof.

For instance, fluid catalytic cracker (FCC) units use a fluidized bed of zeolite type
aluminosilicate clay particles to crack heavy petroleum fractions into lighter fractions
at elevated temperatures. The cétalyst is eventually deactivated by poisoning or
coking. These spent fines must be removed from thé FCC on a continual basis so that
slurry containing fresh catalyst can be a'dded.

Some of this slurry oil containing the spent fines is then typically settled in ténkage,
though hydrocyclones are sometimes used to accel&ate the separation process. Both
native and synthetic components of the slurry oil have a diépersant effect which
retards the settling of the fines.

The present inventor has discovered that a combination of certain chemical agents,
when added to the slurry oil, have an anti-dispersant or coagulant effect whi'ch

accelerates the settling process. This produces a cleaner decant oil (typically <0.05 wt



WO 2004/ 069963 PCT/ US2004/ 000369 % ash) in a shorter period of tine, and
can then be sold as carbon black feedstock or residual fuel oil. DETAILED
DESCRI PTI ON CF THE | NVENTI ON The present invention relates to conpositions
and nethods for accelerating the settling of finely divided solids in

hydr ocarbon fluids, the nethods conprising adding to said hydrocarbons an
ef fective i nmount of a conbination of (a) an adduct of polyacrylic
acid and afl&él%‘igitllpog%ﬁgnol -formal dehyde resin al koxyl at e"‘gﬁ%ﬁz‘(%’j’“"éﬁ%

al kyl phenol -f or mal dehyde resin al koxylate. As to the first conponent of the
conbination, the settling aids are adducts of low nolecular weight (MM
1000 to 2006 psh)B| ashertes pereodé tinheand cepthen Heysbidlaecrghon blagk fredstiwhptie resin

al koxyl ate. Preferred adducts are nonyl phenolic resin propoxyethoxylate
adduct s sucesiddl pel@e available from May as AB-455 and Wtco as DRI -9037.
The pol yacrylic acid adducted alkélphenol-fornaldehyde resin al koxyl ates’

prove ef f SFTARED PESCREFTIONOBTHEJIVENEIRSNn 1 ui ds. These hydrocar bon

fluids are generally unrefined hydrocarbons that are-prone to containing
finely di viﬁléareg@nnu@.twwé% to eppenositiensigahmethodsder dcertdraime theut. are not
limted to crude oils, resids, bottomstreans, vacuum bottons, heavy ends
and the | i Ketlingafifmelydividedsslids in Sydraepshon ifiigs.the methads serapiising agding he pr esent
invention are found in U S _ Patent No. 5,481,059, herein incorporated by
ref er ence. 2&iq bydrasarbensiap efferdMesettiing smavaicrfpgembination offak enaddeat ef conponent ™ of
the present _inventjon, such materials generally have nol ecul ar weights in

the range GPLRFYiAas9sRd an gigdrhepol fomadelydgaesin aliokmals apddyan of about 1, 000 to

about 2,500 preferred. The al kyl]
alk%lp%eno{-fonnaldehyde resin X]koxylate.

As to the first component of the combination, the settling aids are adducts of low -
molecular weight (MW=1000 to 2000) polyacrylic acid and an alkylphenoi-
formaldehyde reéin alko;cylate. Preferred adducts a1"e _nonylphenc;lic resin
propoxyethoxylate adducts such as those available from Arjay as AB-455 and Witco
as DRI-9037.
The polyacrylic acid adducted alkylphenol-formaldehyde resin alkoxylates prove
effective in a variety of hydrocarbon fluids. These hydrocarbon fluids a;'e generally
unrefined hydrocarbons that are prone to containing finely divided solids. These
hydrocarbon fluids include but are notA limited to crude oils, resids, bottom streams,
vacuum bottoms, heavy ends and the like. Additiona] details regarding this
component of the present invention are found in U.S. Patent No. 5,481,059, herein

- incorporated by reference.
As to the alky]'phenc')l-f.'ormaldehyde resin alkoxylate component of the present
invention, such materials generally have molecular weights in the range of from about
500 to about 5,000, with a range of about 1,000 to about 2,500 preferred. The alkyl

groups may be linear or branched, and have from about 1 to about 24 carbon atoms,
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groups may be |inear or branched, and have from about |I to about 24 carbon

atons, -2 WD 2004/ 069963 PCT/ US2004/ 000369 w th a range of from about 4 to
about .Q“,er | . The al koxy group has about 2 to a , at ons,

with 2 pr ef@pgseﬁg;g&t he al koxyl ati on conpri ses about 20 to 654’-"%2\["@%% by

wei ght of the nolecule, with about 50 percent preferred. Additional details
regarding this conponent of the present invention are found in U S. Patent

No. 5, 6&ith4TdngedfSronh abeita toabeitOsrafefdd PThé alkek £ Bfodp Gt BT ON OF THE
PREFERRED EMBCODI MENTS The present "invention relates to a chem cal treatnent

to settl gokictboh Atcind, with Lpi¥hrfed the aiﬂ%?xfgﬁgﬂ LomPRLds Aol 9 ]0e! t her

organic, or a mx of organic and aqueous trices: 'he chem cal s used to

settle solid re.a.c i nati on of, (a adduct pof pol rylic acid and
an al kyl BHE P§ﬁ’ge?%ﬁ|°ggﬁv88f"'?@§1 ‘H“‘é%‘?é}d&?ﬁ8?@“%‘@?@5‘85%@&%@ (b) an

al kyl phenol - fornml dehyde resin al koxylate (Category B). In the testing of
t he pr esesttils iegadmedhis component o€ the prefgniinyenticarpes favad iy Bt BeteneNoby  bottl e
testing. The process fluid was heated before m xing; after appropriate

m xi ng  $,068hdhhgdsoiheecin frecoiparatdd by deferehcanas poured into 150 nl gl ass
bottles. The-starting chem cal solution for treatnent dosage was conprised
of 20% t DESCRIPNONWFTHE FREFERRBDIBMBODIMENTSapht ha (HAN).. The fluids
were dosed with each chemcal and then with the bl ends of chemicals. A

bl ank and a control were tested in each run. The bl ank had no added

sol vent ?ﬁ? ﬂ%@éﬂt iknti di Fel &84 Ho" aoéheﬁﬁé@ b@atﬁﬁﬁt fhozag S°¥*§%§1. étll'ikgxécgﬂﬁirﬂpr late

anpunt o solvent to mmc solvent addition In t est ed

fluids. e1. m. xed automatic shaker for 3 mnutes on high
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were p a%ﬁg clllerr]nicals used to settle solids are a combination of (a) an adduct of polyacrylic

acid and an alkylphenol—formaldehydé resin alkoxylate (Category A) anci (b) an
alkylphenol- formaldehyde resin alkoxylate (Category B).
In the testing of the present invention, solids settling efficiency was determined by _
bottle testing. The process fluid was heated before mixing; after appropﬁate mixing
to homogenize the fluid, 100 ml was poured into 150 ml glass bottles.
The starting chemical solution for treatment dosage was comprised of 20% total raw
m_aterials in highly aromatic naphtha (HAN). The fluids were dosed with each
chemical and then with ti]e blends of chemicals. A blank and a control were tested in
each run. The blank had no added solvent or additive. The control sample was dosed
- with the appropriate amount of the solvent to mimic solvent addition in additized
tested fluids. The samples were mixed by automatic shaker for 3 minutes on high (3-
5 strokes/sec; 5 inch strokes). After mixing was complete, the samples were placed in
a hot bath. The temperature and residence time was representative of the field

conditions.



a hot bath. The tenperature and residence tinme was representative of the
field conditions. -3 WD 2004/ 069963 PCTI US2004/ 000369 After this
predeterm ned residence tinme in the hot bath, the sanples had the top 50%
of the sanple withdrawn for solids anpbunt determ nation. Sonme of the fluids
tested were easily filtered, while others were not. Therefore, the solids

in the top \9&200?/9%9%]5”(1 bott om 50% of the processed f#ﬁéﬂﬁ?@ﬁﬂ@* et erm ned

by one of two™ nmethods, filtration or % ash net hod. hat were
not easily filtered were determ ned by ASTM Met hod D482-87. The percent
ash was given as wt/wt percent. The fluids that were easily filtered were
done so wit h AfteGtiismefernmned residence tiein the hat bath, thewamples hagithe topr e pr ewei ghed
and placed in appropriately labeled tins. The top 50% of processed fluid
was filtered,50%mnf thesemple withdrawp foyeolids pmeend desenmingtioh Samsef thefluise sol vent .
The bottom 50% of processed fluid was filtered and the glass container was
rinsed with dettedarere qapitydfilternd, Whitandhers were voto Fherefbte, the salidnintthederel of sol i ds.
The filter-funnel was rinsed and the filter paper renoved. The filter
papers wer e Y0feand ppitpaed0% af the pigeessed dluids weaoktetminedppmerf gt el y 9 hours.
The results of this test were recorded as percent of inorganic solids
remai ni ng i n métkods,drationpnto askkmpthed The Heids Sewerane eﬂsci)‘b’lﬁéiﬂ‘fsgyel’@abl es
indicate the effectiveness of the conbined tested chem cals of the present

i nventi on i n dernisefbyYIIN Mathed P48AE7 aHirasteentrash s gypaanEwt and in

hydr ocarbon streans.- -4 WO 2004/ 069963 PCT/ US2004/ 000369 .
percent. The fluids that were easily filtered were done so with a Gelman A/E glass

fiber filter. The filters were preweighed and placed in appropriately labeled tins.

- The top 50% of processed fluid was filtered, and the filter-funnel rinsed out with

. appropriate solvent. The bottom 50% of processed fluid was filtered and the glass

container was rinsed with solvent into the funﬁel. to remove all bottom traces of
solids. The filter-funnel was rinsed and the filter paper removed. The filter papers
were then placed in a furnace at 900°F for approximately 9 hours. The results of

_ this test were recorded as percent of inorganic solids remaining in the top 50% of
sample processed.
The following tables indicate the effectiveness of the combined tested chemicals of
the present inv<.=,ntio'n in various hy&rocarbon and aqueous mixed streams, and in

hydrocarbon streams.
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Table 1. Solid settling results in a mxed streamwi th relatively high
solids percentage Fluid processed: M xed Stream of Hydrocarbon & Water,
havi ng l.ativ hi gh solids content 3 00 ppm 600 ppm._ Total Total

Tr eat rren‘E'Sz *("@4 Cat A + 300 600 300 600 B (150 B BIFTRUSIPHUEM? ppm ppm
ppm. (300 Cat A Cat A Cat B Cat B each) ppmeach)' %ash left in top 50%
9.00%9.00% 1.12% 2. 02% 2. 36% . 0. 96% 5. 80% of sanple The above results

i ndicate t | £ - hS.-igeded to achieve
simlar se Fei lﬁgg"gfggﬁ‘%%@lﬁﬁ%ﬁggﬁ&ﬁmﬁéa'ﬁyﬁ@?ggﬁ each of Cat A
& B). At the 300 & 600  ppm dosages, Cat B, by itself, could only reduce

sol i ds to P&b6U8%9%  while 300 ppm of the combination chemistry (150 ppm
each of Cat A & B) reduced_ the mneral_ content to about |% Dispersion, a
sign of overtrdavidgwecesssde dYiped Sticawsd Hygrecgroontée Wasm havag cheri stries  of
Cat A + B. Table I1. Solid wmbativelylgigh eclidstoonient a hydr ocarbon stream
containing a nmedium anpunt of solids.

300 ppm | 600 ppm
: Total | Total
Treatment: CatA+ | CatA+
300 600 | . 300 600 B (150 - B
Blank | ppm ppm ppm ppm ppm . (300
CatA | CatA | CatB CatB each) ' ppm
each)’
% ash left :
intop 50% | 9.00% | 9.00% | 1.12% | 2.02% | 2.36% | 0.96% | 5.80%
of sample '

The above results indicate that a treatment as hiéh as 600 ppm of Cat A is needed to
achieve similar settling results as the 300 ppm combination (150 ppm each of ‘Cat A
& B). | |

At the 300 & 600 ppm dosages, Cat B, by itself, could only reduce solids to about é%,
while 300 ppm of the combination chemistry (150 ppm each of Cat A & B) reduced
the mineral content to about 1%.

Dispersion, a sign of overtreatment, occurred at 600 ppm of the combined chemistries
of Cat A +B.

Table II. Solid settling results in a hydrocarbon stream containing
a medium amount of solids.

Process fluid: Hydrocarbon stream with medium amount of solids to settle

S0pp | 200p | 300p | 600p | S0pp | 200p | 300p | 50ppm | 200pp | 300pp
Treatm | Blan | m pm pm pm m pm pm total | m'total | m total
ent: k Cat {CatA [CatA |[CatA | Cat [CatB |CatB | CatA | CatA | CatA
‘ A B +B +B +B
(25pp | (100 | (150




Process fluid: Hydrocarbon stream w th medi um anount of solids to settle
50pp 200p 300p 600p 50pp 200p 300p 50ppm 200pp 300pp Treatm Blan m pm pm

pm m pm total mtotal ent: k Cat Cat A Cat , Cat B
Cat B Ca‘RWKB@‘f“b9 95Cat A A B 4B 4B 1B (25pp (100 (150 &ﬁ%“%@ﬁéﬁ&%%
PCT/ US2004/ 000369 in ppm ppm each) each) each) ova inorga nics 1.29 1.04
0.81 0.48 0 18 1.20 0.90 0.90 0.40%0.24%0.16% renmain % % % % % . % % %

i ng—T Tt —50%6of Sanpi e ASTSITOWNT abovE, —Cat ch r})(f,ﬁp m
Si nlflcantly hore freatnent to match cofrbi nat|i on res%fig Eac‘ﬁ é’é’%)p hm
tojmatch the 300 ppm Cat |A + Bjand 3P0 ppmto |match 0 +| B

treatmentl "At dosages—o0f150-300 ppm--Cat chemst+y mc“'fs e
Si (bl?/pficantly pbel ow t he |[bl end’Hrgf Caf A +|B at |just 50 ppm| Table Il1I.
Sol imbrgetf|ing| results in a cofbi ned| (Iight and heavy) gas-joil stfeam
nics 129 | 1.04 | 081 | 048 [ 0.18 | 1.20 | 090 | 0.90 | 0.40% | 0.24% | 0.16%
remain | % % % % % % % %
ing in
top
50% of
sample

As shown above, Cat A chemistry needed significantly more treatmént to match
combination results, i.e., 600 ppm to match the 300 ppm Cat A + B and 300 ppm to
match ﬁle 50 ppm Cat A + B treatment. .

At dosages of 50-300 ppm, Cat B chemistry results were significantly below the
5lend of Cat A + B at just 50 ppm.

- Table I1I. Solid settling results in a combined (light and heavy) gas-oil stream
with relatively low total solids

Fluid processed: Combined Gas-oil stream with
relatively low amount of solids
Treatment ' Dosage % Ash remaining in top
50% of sample
Cat A + B (50ppm each) 160 ppm 0.0108
Cat A 100 ppm _ 0.0122
CatB 100 ppm 0.0186
Contro} 100 ppm - Solvent only 0.0264
Blank 0 0.0318




with relatively low total solids Fluid processed: Conbined Gas-oil stream
with relatively | ow amount of solids Treatnent Dosage % Ash remaining in
top 50% of sanmple Cat A + B (50ppm each) 100 ppm 0.0108 Cat A 100 ppm
0.0122 Cat B 100 ppm 0.0186 Control 100 ppm - Sol vent only 0.0264 Bl ank
0 0.0318 -6 WO 2004/069963 PCT/ US2004/ 000369 WHAT IS CLAIMED IS: 1. A

met hod for accelerating the settling of finely divided oil and water

i nsol ubl e solids in hydrocarbon fluids conprising adding to said

hydr ocar oo 2004406996n ef f ecti ve settling anount of a cpaliusaLOHPEVRES (a) an
adduct of polyacrylic acid and an al kyl phenol -f ormal dehyde resin

al koxyl ate; and (b) an al kyl phenol -for nmal dehyde resin al koxyl ate, wherein
the rati OVBATIR)CLAWEDISparts per million, is about 1:1. 2. The nethod as
recited in claim1 wherein said polyacrylic acid adduct is a

nonyl phenol - f or mal dehyde resin propoxyethoxylate. 3. The nethod as recited
n clai m1 whel siehoadbeladdeelihethy kelphgoal fiskly afviad dif the Ak s fibleddiicer
catalyst fines. 4. The nethod as recited alm1 wherein sal

hydr ocar Bohyfrpcarbpn (fluids gempyising asidingk & sald hydrocarbon fluids an effective settling

amount of a combination of
(2) an adduct of polyacrylic acid and an alkylphenol-formaldehyde resin alkoxylate; and
(b) an alkylphenol-formaldehyde resin alkoxylate, wherein the ratio of (a):(b), in parts per

million, is about 1:1.

2. The method as recited in claim 1 wherein said polyacrylic acid adduct is a

nonylphenol-formaldehyde resin propoxyethoxylate.

3. The method as recited in claim 1 wherein said finely divided solids are fluid catalytic

cracker catalyst fines.

4, The method as recited in claim 1 wherein said hydrocarbon is a fluid catalytic cracker
slurry.
5. The method as recited in claim 1 wherein said hydrocarbon is selected from the group

consisting of crude oils and fractions or residuals of crude-oils-boiling over about 400°E.

6. The method as recited in claim 1 wherein said alkylphenol-formaldehyde resin

alkoxylate has a molecular weight range of about 500 to about 5,000.

7. The method as recited in claim 1 wherein said alkylphenol-formaldehyde resin

alkoxylate has a molecular weight range of about 1,000 to about 2,500.

8. The method as recited in claim 1 wherein said alkylphenol-formaldehyde resin

alkoxylate has an alkyl group range of 1 to about 24 carbon atoms.




slurry. 5. The nethod as recited in claim1l wherein said hydrocarbon is
sel ected fromthe group consisting-af-crude-oils-and-fractions-or

resi dual s-of -cr-ud~oi | s-boi |l i ngover- about-400" F. 6. The nethod as recited
in claiml wherein said al kyl phenol -fornal dehyde resin al koxyl ate has a
.mol ecul ar wei ght range of about 500 to about 5,000. 7. The nethod as
recited in claim1 wherein said al kyl phenol -formal dehyde resin al koxyl ate
has a nol ecul ar wei ght range of about 1,000 to about 2,500. 8. The nethod
as recit esloi2004060963 1 wWherei n sai d al kyl phenol - f or mal delpyaasd2064/600369

al koxyl ate has an al kyl group range of 1 to about 24 carbon atons. 7 WO
2004/ 069963 PCT/ US2004/ 000369 9. The nmethod as recited in claim1l wherein
sai d al kyl pheridie- ethod| dehydeedr @siciuimall kakyleat 8aidasikalpkenol-feimedlidshydangking
from about, 2 fo abgﬁg 4 carbon atons each. 10. The nethod as recited in
claim1l xlafe hasialikoxy igsqunsdengsne Eammboued toabouh? gubpwptomseactuei ght of
sai d al kyl phenol -for nal dehyde resin al koxylate. 11. The nethod as recited
in claiml wherein said al kyl phenol -formal dehyde resin al koxylate is a
base cat d0yzedheaomsthgrhasetital ineiim lewherein satdalidradsion dohmrised Rl 8984 ofithe
conprises_about. 50% of .t h i ght. of said ethoxylate. 12. The nethod as
recited i"ff* éﬁﬁ?'au%®¢5PﬁL%%W%BQHﬁ%Fﬁ%?P%ﬁxqéwadded to said hydrocarbon
in an anount ranging fromabout 1 part to about 1000 parts per mllion

parts of hydrocarbon. 8 o
11. ° The method as recited in claim 1 wherein said alkylphenol-formaldehyde resin

alkoxylate is a base catalyzed nonylphenolic resin ethoxylate wherein the ethoxylation

comprises about 50% of the weight of said ethoxylate.

12. The method as recited in claim 1 wherein said combination is added to said

hydrocarbon in an amount ranging from about 1 part to about 1000 parts per million parts of

hydrocarbon.




