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PCT/ US98/ 260W999/41328 _ M TI GATI NG FOULI NG AND REDWCITNGBISREBES! TY
FI ELD OF THE | NVENTI ON : This invention relates generally to
antifoulants and, nore particularly, to a nethod of mtigating fouling and
reduci ng viscosity in prMIBIGATING tFQUHNG ANDREDIECINGSRISCOSTYf

et hyl ene pl ants. BACKGROUND OF THE | NVENTI ON I n
the primary fractionators or oil quench towers of ethylene plants, hot
cracked gases fromthe cracking furnaces are cooled and fractionated to
renove fuel oil, pyrolysis gasoline and |lighter gases. Unfortunately, the
tenperatures in the quench oil ﬁggp&ﬂ@ﬂmormtlon of heavy tar
mol ecul es via various condensation and polynerization nechanisns. The tar
can plug process equi prrent such as exchangers, trays etc., as well as
reduce the run ti i onat or . col um, &naddltlon coke fines

fromthe crackin ﬁ?ﬁr’ﬂ‘é@% '%t}e gengrally tg antifoulants apgy "f'%"@l ing in the
flow |ines ators
need to inj det 'bnﬁﬁfﬁt‘%?“@{e?%%%*?ﬁcwaz@b?@éﬁﬁg i teiting ViRbsfifn

fract i onat orprirnaty frastipnatorstand qaerichy sections gf eth\ﬂénebiéﬁth to meet final
product specifications. Thj S | aI ways done at gr eat econom c expense. All
of these problens occur cowFpH w0 KN LEWNhat process heavi er

f eed ks, b "t h d
especi al |y when ﬁﬁZtP%aéfﬁggﬁ\éver. ?ﬁhﬁfsaﬂﬁ man‘%fg &Y BF eAVIERe Bidds,
probl ens carhdiecrackéd gaeds fidrh tﬁa%taelhhﬁ fhﬁiiﬂésaér%dc@dléa il frBEfondidd W | |

survive high tenperatures and inhibit the heavy fouling type conponents of
t he quench dplremexg ﬂgﬁjr@gmdwsms!ﬂmand tighter lgases nJukdrtunatsly, fthai d
fl ow characteri st Accordjn woul d pe desirable to rowde
an i nproved "ﬁmﬂf‘daﬁf’S? inthe &é‘FF‘ﬁB Q'i)fﬁq"rti/fﬁ‘ Eﬁ& @eﬁl?c*) pafts }‘99"}’6 £ he
Erel g‘gr yr ;L?gﬁ??&%‘ﬁ 6:andi}eeéGrﬁHéﬁ%tlbﬂ%&ﬁo%@nﬂ%non@%%m%sV‘Q"H d also
Si
tar can plug process equipment such as exchangers, trays, etc., as well as

reduce the run time of the fractionator column. In addition, coke fines
from the cracking furnace may contribute to further heavy fouling in the
flow lines and in _the tower. In many instances, ethylene plant operators
need to inject a lighter stream, such as light cycle oil, into the fractionator
bottorns to.control tar viscosity in an effort to meet final product
specifications. This is always done at gteat economic expense. All of
these problems occur commonly in gas oil crackers that process heavier
feedstocks, but may also occasionally appear with lighter feedstocks,
especlally when mcreased seventy of crackmg is applled
| _ Such probiems can be mltlgated Wlth specxally—formulated
"antlfoulants that will surwve high temperatures and inhibit the heavy
foullng type components of the quench oil from aggregation and
deposition, thus improving the fluid flow characteristics.

- Accordingly, it would be desurable to provide an improved method
for mitigating fouling and reduclng vuscoslty in the primary fractionators

and quench sections of ethylene plants. It would also be desirable to



: V\D 99/41328
PCT/ US98/ 26,0639,41328| dentify a series of addl tives-that w lI'l' petrr@ésseasd | NQ
inhibitors, tar di spersants and viscosity reducers in cracked hydrdcarbon
fluids to inprove flow characteristics and inhibit precipitation of |
deposits at ;hi tLRer W OF" THE
| NVENTI ON 'Bbg{’fy ?he p?eﬁﬁ&ﬁxs%m?towugzaﬂ gs %lrjh% inhib 0 ag?ﬁ(ydrocar bon

- streama  ndispemsadtoand \pedqsiiw;ddwemtn cwckddmwmbarbmmﬂhﬂeh»de resin
having a weight average nol ecul ar wei ght of from about 1,000 to about
30, 000 andnmroweaﬂ,qw rarueylstlsya@s\d. iphibit peasipitatiomgf depasits @tithiagh t o
about 24 car bon whi ch al kyl substituent may be |inear or branched.
The addi ti Bera? ®Srono and/ or pol yal kyl - substi tut ed phenol -f or mal dehyde
resin effectively mtigates fQUMMARYOF BHESRYENTONItY in primary
fracti onators and quench sectlons of ethylene plants.
DETAI LED DESCRI PTTHRl ppEsaritnvention icals for addingTio 8 hiydvecarbon steeamrasct ed to

Fract i onat or GoeaaioncPaelkyEsdbeivsed phena rorpreinenyds PR oVl e vi th
Lhi's | vent | Qi irsth vaMBsar WGHH BF IR abdTTBOBPIY HBoUESID0E 2dded

to a hydrocarbo real resent | nvert ave drscovered

that nono angnéiat peastadrie alkyl st&Mﬂehtlbedtaihmgolrofrﬂabﬁhﬂ4ft)bchbdtﬁ82mS havi ng
a wei ght average nol ecul ar [ght of from about 1,000 to about_30, 000 and
at | east oneCa atOf@%UﬂhI%@'M sebstituant may belissauer branchasbuThes car bon

oi foct i vel y PAABRRS 4 Hobb il oFBoBD-subRRRie pibrtiBffaflahligr

fluids at higdsin eFRCEIVERL Miittgatebifolifg ahdredasss Yistorityintpririaty t he
addition of these resins to such fluids reduces their VISCOSIty and

i mproves f | ufractippators singrauenoh segtions of ethylene plandspr ef erred enbodi ment

of this invention, the ﬂé‘lyAILE Miﬁw resi ns are

derived fromnono or di aFkyP=st res thereof,
where the substitgpy ﬁw@ﬁt‘oﬁ% ldfire@fdd 86 a mBEHEY fetimitidatingd foLiig akdCch
contai ning fromabout 9 to about 16 carbon

reducing viscosity in primary fractionators and quench sections of ethylene

plants. In accordance with this invention, an alkyl-substituted phenol-
formaldehyde resin is added to a hydrocarbon stream.
The present inventors have discovered that mono and/or pblyalkyl-
substituted phenol-formaldehyde resins having a weight average molecular
 weight of from about 1,000 to about 30,000 and at least one alky!
substituent containing from about 4 to about 24 carbon atoms, which
alkyl substituent may be a linear or branched alky! group, effectively inhibit
- deposmon of heavy tars in cracked hydrocarbon fluids at high
temperatures It has also been dlscovered that the addition of these resins
to such fluids red_uces their viscosity and lmproves fluid ﬂow
eharacteristics. ,
In a preferred embodiment of this invention, the all_(yl-_substituted _
» phenol-formaldehyee resins are deriveel frprn meno or dialkyl-'substifuted-' :
phenols, or mixtures thereof, where the substituents may be linear or

branched alkyl groups, each containing from about 9 to about 16 carbon
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PCT/ US98/ 26W939/41380ns . Preferably, the wei ght average nol ec UPCE/USKS/2G083 Of
t hese resins i-s from about 2,000 to about 8, 000. I n the nost
preferred ‘embedi ment of this invention, the al kyl - substituted
phenol - f or rraatmhgdd’reﬁﬁrablw shdoveightl aﬁmmgeamcrhmmdancatewétytzeﬂtl@&se besins is

| d t | d di | ph | th
1(‘:2? ﬁaInghy(rj: o OQHUE% ﬁﬁg%f(a*?lﬁ%%ﬂe (#},Ogﬁm a?or mlalnggﬁygeepgsisnw pref erably
oS 000" Snat oY £ i B PG rBlorked Bhibddimiehf df IAREIREnEBR, the AUHAD, 1 9,201

10,000 and the ratio I nonyl phenol ut 12:1 to

about 6:1. substitutéd phenohfarmaliehyde® vesih i defied Froradae dcidocatalydogar bon
streamin an amount of - from about 1 to about 5000 parts per mllion (ppm

and pref er abdse pataiwz%mth@r of theymixture of andlmdtdlaoomxhanonmﬂ'\
Be-pr epar od ETAONGHL o A PHergETbearmhrnek a/Eidshyda degifaance i th
any conventi Bf&fbréﬂiﬁ”h%% &Wlﬁélﬁ E\Yeﬂ‘éﬁgvmofééuié}%ﬁlgﬁf'lﬁ 'tﬁg rhﬂgwﬁ &Mdut

2,000 to about 10 000 and the ratio of nonylphenol to dmonylphenol is

~ from about 12:1 to about 6:1.
The resin of this invention can be added to a hydrocarbon stream in

an amount of from about 1 to about 5000 parts per million (ppm) and

preferably in an amount of from about 5 to about 200 ppm. These,

quantitiés are conventional for hydrocarbon antifoulants. The resins may

be prepared as 15-50% solutions in hydrocarbon solvents in accordance

with any conventional manner generally known to those skilled in the art.
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foll ow ng exanples are intended to be illustrative of the present

i nvention and to teach one.of ordinary skill how to-make and.use the .

i nvention. These éxanples are not | NERAMIPLES . I|mt t he invention or, its_
protection in any -way. Exanple 1

The fol |l owi ng t eJhefoliowing examples are intended datbe illustrativé iof\thefpresent ous -
oducts-to, dis er eav onent s, of ch oil anbi ent

Itocrerrpgr atsur ell Qﬂ‘g éa‘fc}hggg éﬂgm%ﬁgﬂﬁph?ﬁ’et% randhuseithsi ity

properties 9{ efrvfé%n‘foﬁ?ﬁ&éag scéu%cn{fgp n?é!ﬁ&ﬁ?% ﬁ’ié FfEhtiorCSPRE | S

used as a solvent 1n't roc ure nhsed aromati cs and tars
are insol ubbmﬂeotrbnghtariwwaqcar bons. Therefore, Ii ght non-pol ar sol vents,

I'i ke hexane, promote their precipitation and deposition. The better the

di spersant, the nore tars will be soEXempledd in the hexane, and the |ess

sedl et a1 on, w nhYRuBHARG 58K pERASAE s AP LE BubRR 08 b
gfseﬂeiz nfaa\r/v‘e’ragaﬁag %‘Foducts to disperseHedvy' SdmpbREntY of §EeA&F bil KtosRBigNg: 10 M
tempel_'ature The procedure takes advantage of the differing solubility
properties of the components of cracked hydrocarbon streams. Hexane is
used as a solvent in the procedure. Heavy polycondensed aromatics and
tars are insoluble in light hydrocarbons. Therefore, light non-polar
solvents, like hexane, promote their'precipitation and deposition. The
better the dispersant, the more tars will be solubilized in the hexane, and
the less sedimentation will be observed. Quench oil samples from two |
ethylene plants, as well as gas oil that was cracked in a Iaboratory unit,
were used as tar sources.

In the first step of the test procedure, 10 mi of hexane were added |
to each of four 10 ml graduated centrifuge tubes. The oil sample,
previously diluted with toluene {1:1 by volume) was subsequently added
at levels of 10, 100, 200 and 300 microliters to each tube. The tubes
were then allowed to stand for one-half hour. A dosage of oil which gave
from 4% to 10% volume sedimentation after one-half hour was chosen to

~use in the next step of the test procedure.

In the second step of the test procedure, the prempltatlon of tars in

: the presence of dlspersants was observed and compared W|th the
| sedlmentatlon.m a blank sample (no dispersant a_dded). Dlspersants were
introduced into 10 ml of hexane in graduated centrifuge tubes at the
desired dosage (200 or 500 ppm). The altquots of sample oil,. determmed

in step one, were then added and the tubes were shaken vigorously for

about 30 seconds to dissolve the soluble and dispersed components into



- to- each of four 10 m graduat ed- centrlfuge tubes. The oil sanpl e, ’
“previously wiadosaseswith tol uene (1:1 by volume) was subsequierngdyussidesss at
| evel s of 10, 100, 200 and 300 microliters to each tube. The tubes were
then allowed to stand for one-half hour. A dosage of oil- which gave from
4% t o 10% voltHemhorepblarsbhientlealir destabllizell tarsito vettle bysgavity. The in
the next step of the test procedure. - In the second step of the test
procedure, t W@‘wl@fc@b{i@l&ds precipitatgdson the bpttopn ﬁéheéubes dva@wwdpd was

observed and t he di_ nent at i no

i sper sant  aditHn (5 Boies Tkt thg BEaMiing 55 hedssf, dheneas mfeiane i
graduat ed Cerae?erH%crems thb Mr@nedﬁeﬁhéﬁfiofiaﬁswsé@%u irtd

aliquots of sanple oil, determned 'in step one, were nad a the

t ubes were srthedﬂanlvsgmpdmsle/ tbe pemutofedispemmdequdscﬁmmleomltdte sol ubl e

and dlspersed onpo e ts ﬁ
99/ 41328 volume o blan minus the preclpntate volume of the trepted gggg}g 6033

t he non-pol ar avit The
anount 01P solqﬁgh%ﬁgcﬁb‘% Faee@g%%e‘?ﬂant égn[?(h %éme%‘ma E(":ordeé after
15 minutes from t lEhi§ pgocedure whshjsedttﬁsévalifél% ﬂ%pmerrﬁén@@bwramusaamas

the vol une percent of dispersed solids in conparison to the blank sanple,
i .e., the perasiitives a%ﬂ%"pd'ﬁEPtﬁﬁ"é%uﬁat the ngemb@il;ﬂttamblem|tanme5aturae bl ank

T oer bl 1o o a8 oq' i SFepfbsent dibbeBats SaRTaghly Used & inlbit Meanve g o

was used 10 Quphpenéhts BT é}ﬁaé%ﬂﬁraﬁ?dﬁﬁoé‘ﬁbh%&'dnfleI&QHHtﬂe‘rﬁénﬁs tar
di spersants for the quench oil at anbient tenperatures. tive Nos. 1-5

represent di snditons; icopabldy angkchaderately Ialavalhmdmgmpetampem(amblem tor ude
oil fromdep é %3 under oilfield and refinery conditions, i.€., at low
and noder at e?iﬁ | é¥at ed tenperatures (anbient to 300 [err]F).
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" PCT/ ' US98/ 268839/41328 Commerci al products tested al ong W porhji8sAdss NS
of the invention . : . : - .

Commercial products tested a!ong-withfthé resins of the in_vention'

were designated as follows:

Commercial product A A polyisobutylene-maleic anhydride product esterified
with poiyol '
Commercial product B An admixture of nonylphenol-formaldehyde resins
and vinyl

copolymer sold by Nalco/Exxon Chemical Company, L.P.

under the
trade name Control-1
Commercial product C A vinyl polymer.bas'ed product
Commercial producf D An alpha-olefin maleic anhydride based product
Commercial product E An overbased magnesium sulfonate.based product'

The dispersant test results are shown below in Table 1.

Table 1
% Dispersed
No. [ Additive o 200 ppm 500 ppm
1 Commercial product A : 37.2 78.0
2 | Commercial product B 12.0 69.0
3 Commercial product C 12.0 15.0
4 ' | Commercial product D 65.6 ' 92,7
5 Commercial product E . ' 10.0 _ 0
6 Nonylphenol-dlnonylphenol- 26.7 - 92.7
formaldehyde resm o | ' ' ' '
7 NonylphenoI-dnethylenetrlamme- 54.6 - 92.7
formaldehyde resin




: were desi gnated as foll ows: Commer ci al product A A
“pol yi sobut ymengd/atazaei ¢ anhydri de product esterified -with pol yo'l'/US98/26033

Comvrerci al product B. An admi xture of nonyl phenol -formal dehyde resins and

vi nyl ' copol ymer sol d by Nal co/ Exxon Cherri cal Conpany,
L.P. under the _ tE>ea1'ephaZe Control - Conmrer ci-al
product- C A vin pol yper S roduct _~. Conmer ci al product D An
al-pha-ol efin mal ei ’&HI'SF&H (H’éo‘g'é%‘édgp Ponpgt E and thepepviphengiswere farther o,

over based m%&%ﬁ}é{gg St}gu;é’ Qﬁ#?ﬁ@:ﬁi&lﬂ PAHt Test. In accordificé WitlF tidfest &St

results are s I"ow Tabl e
1 a solution of well stabilized tars in solvent (usually téhuenensy epslohexand).
Addi tive 200 ppm 500 ppm 1

Cormrer ci al prwas @utgmatically. titrated witB non-polar hydrocarbgng Changes in

gmi g: :: Br Ogt?}g%n ngbidity were monitorqlé:\ngth a spegcially t?%igned opiical probe.
Commer ci al pn ot " - s ot s B
Cormer oi al prl:gguct %y dilution with non so%'ﬁ first mcrea.nsec\ggl'be7 solut|6051 s

Nonyl phenol - drammitphmeolbut then initiatéd tHe formation of t&2adgregates and a-
f or mal dehyde resin Nonyl phenagl - di et hyl enet ri am ne- 54 6 .
92.7 - subsggﬁangwg@sq- g'gtu{bldlty (i.e., a decrease in transmittance).

point at the maximum transmittance (Flocculation Point, FP) was
designated as the onset of precipitation and meaeured in milliliters {(ml) of
consumed titrant. The difference between the flocculation point of the |
~ blank and that of the. solution with additive was the measure of a g
dispersant's performance, i.e., the larger the difference, the better the
performance. |
Table 2 below shows the results of the flocculation tests conducted
with two samples of cracked gas oil. Quench oil 1 was sarhpled from an
ethylene plant and Quench oil 2 was cracked in a laboratory cracking unit.
The two samples differed substantially in the stability of their tars, as
repreeented by the ftot:culation points of their corresponding blank
samples. Tars in Quench oil 1 were quite stable and a large amount of
titrant had to be used to cause the flocculation of the blank. The tars
Were easily.stabilized.with each of the dispersants such that no
flocculation was observed upon extended titration with heptane.
Therefore, no differentiation of performance was made in this ca’_se.. The
other sample of the oil was unstable and the addition of'.va'rious '-
dispersants shorrved differences in perform_ance. As illustrated in Table 2,
the nonylphenol—dinonyiphenol-formaldehyde'_ resin exhibited the best

performance.
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. PCT/ US98/ 26Q@399/41328 : Exanpl e 2 prusosneoss
Commerci al products. A, . D and E and the nonyl phenols were further evallated

using the Flocculation Point Test. In accordance with this test, - a

solution of. well- stabilized tars in sol-r/%né 4usual ly 't ol uene or

cycl ohéxane) was automatically, titrated with non-pol ar hydrocarbon.’

Changes in

5ol ut | gn turbidity were nmonitorefl w tHo8cdiish RbihY (RS gngd
optical probg.  Pr e*l i onary dilution with nop-~solvent first increasedlithe
solution's [rMPsni|A%HE "but then initiatefl PHENLPHE: i priQuenghyPil 2 '
aggregates ad—g 3 UENt TTCrease rm turprortygsy- €., & 0e ase T1in

transmttanck). A lpoint at the maximumtrankm ttance (Fl bccul ation Pdint,
FP) was des| gnat ec anmhmiablpmﬂucoﬂ precipithti onN&kfd neapured 3.8

mlliliters FH)—ef—tonsured—titrapt—Hre—di-H-erense—betpeen—he '
f1occul ati on pol?'nt SFODRBrCIAPEGANCE Bt hat of | t he S9T ution|with34Aditive was
the measure pT 7 JiGdMherdidl pPodiRt EOT NBNCE, | . €., Lhe larper (1o
difference, pthe hetlter the perfornance Table 2 bel ow shows_ tlhe

results of the Bl ocdmrednhsno'r_@e@rylrdmmhct ed | wtMNEwo sahpl es4et cradked
gas oil. Quehch oilf ¢l ng from an et hyl ene pl anf and Quench joil 2
was cracked [n a | gboratory cracking unit. The two sanples differed
substantial ly i 8 tHhdNactylghehokdiethyleneaiamihes S| as NFeprespnted 39 the
fl occul ati on| poi nt g correspondi ng b} ank sanplep. Tars in Qlench
0il 1 were ghite stJBT’Balaﬁlydg "P¥Pge amount of titrant hhd to be used to
cause the f| OCCUT 2ANFOR R flodsulBlien BeculFidl duting extdided theationy Stabi112zed with
each of the dispersants such that no _floccul ati on was observed upon
extended titration with heptane.  Thd&x@aple 3no differentiation of

per f ormance was | | e S I t.h '
unstabl e and t he”%}gptdl}o{r?% sg%fr’ gﬁg&%le(f iﬁ % V?ga%sﬁ%ﬁ Sﬁﬁqe?@ﬁfeé‘é in
performance. tégperatipé) HoWlelér, Wtecé’ndltlohg‘ﬁsualhé involve temperatures

nonyl phenol - di nonyl phenol - f or mal dehyde resin exhibited the best

per f or mance. between about 350 and 150 °F (approximately 180-800°C), at which

some organic compounds may decompose. Therefore, Differential
Scanning Calorimetry (DSC) experiments were conducted in duplicate for
the three best addi’_cives (products A and D and the nonylphenol-
dinonylphenol-fqrmaldehyde resin) from the previous tests to determine
thermal stability.

Table 3 combines the decomposition temperafures obtained by the
DSC thermal scans from 40 to 500°C. As shown in the Table, the
nonyiphenoI-dinonylphenol-formaldehyde resin has the best decomposition
temperature. Because of the peseibility'_ that the additive may be exposed
to high temperatures- in areas such as quench points, it is desirable to use

an additive with the highest decomposition 'temperati.lre.
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Fl occul ation Point (m) No. Additive - Quench
Gl 1 Quench G| 2 1 Blank : : ) - 32.1
2.8 2 Commercial product A Table 3 NF* 3.6 3
Commer ci al product—D — NE : 3.4 4 Conner ci al
product E No. | Additive 3.0 5 Decomposition

Nonyl phenol - di nonyl phenol - NF 4.4 f or mjl dehyde
resin 6 Noryl phgnol - di et hyl enet ri ani ne- NF temperature 3.0 '

f or mal dehyde resi *NF = No floccul atidn occurr&ECluring extended
titration. Exarpte—3— Bet+h—9f t he

tests in Exanples|l 1anc ‘i"%‘? c'%'(?ﬁ%@d at amji ent tef?ﬂgr at tj;’e wever,

pl ant conditions ;ISL@.H YCormerdisl grédqeemat ur es  |bet ween apgut 350 anpd

1500[ err] F (appro Wl Q) __at _whilch _sone organi ¢ cofrpounds
may deconpose. Ther &3 orlddonyintespkdippaylphenoknni ig Cal ori MPOry (DSC)
experiments were ¢ondudtginiide ||Jeg ite for tHe three best additiVes
(products A and Dland tlhe nonyl pheno di nonyHphenol - f or mal dehyde|resi n)
fromthe previous tests to determ ne thermal stability. Table 3
combi nes the deconposition tenperatures obt al ned by the DSC thernmal scans
from40 to 500[err]C. As shown |n t he

| phenol - d {
Fonberatur . BocanSb ot e HUEL .?é%“?ﬁé@ Fa%dé'%ﬁl. ofserhlsr Meigbces
to high tenpaithoutahei didiiondf Hdisparsant eI sREWH Below in TaBRSA[ #hdre to use

was no dispersion of the tars as a function of time (1/2 to 5 hours)’when

the blank was used. However, when nonylphenol-dinonylphent;l-
formaldehyde resin was added to the quench oil, significant dispersion of

the tars was achieved.

Table 4
% Dispersed
Additive 300 ppm 600 ppm
Blank 0% 0 %
Nonylphenol-dinonylphenol 60 % 100 %
formaldehyde resin |
Example 5

Viscosity measurements were also conducted using the same -
quench oii samples frorﬁ Exampie 4 in the iaboratory and the results are
sumﬁarized below in Table 6. The viscositiés were measﬁred using a
Brookfield viscometer. The quench oil treated with thé nbnylphenol— :
dinonylphenol formaldehyde resin {(600.ppm) reduced 9% of the original_
visc-:'osity at room te‘mperature in an actual ethylene plant, when the

same quench oil sample was treated W|th 300 ppm of addmve the effect



) 'an addltlve wi th the highest decorrp05|t|on terrperature _

- 8. VO O%d 392028 T _ “PCT/US98/26033
PCT/ US98/ 26033 . - W o TabI e 3 No.
Additive Decorrp05| tion- - :

t enper at-ur e on viscosity was much more pronounced due to the dyamlcs of the ([€rr]0)
1 Comrerci al product A - 2 Comrer ci al

product D - system and the tempgeature. In the fleEi evalua'glOlphﬁlmVlsdoamvlﬁmhenol
410 .mal dehyde r

G ol e 4 primangfieglpRaer rugw%gfeaageeaﬁfécwa KN AERETaIYreeh 3705

with and wdRoy e 0, Tabl e 4,
there was noédl spéeribgpgﬁao l%eaiag?stg%ts%aé unc rﬁen}?l ﬁ#pﬁy’%o 5 hours)
when the bltedtedawiths300 pponef additivee and ahy ippimearyl frdd:miatlophmméhowed

f or mal dehyde resin_ was added to the quench oil, significant dispersion of
the tars was? ¥igepsif¥deduction of 42% at 180 °C. Tabl e 4
?pa sper sed © Additive Table 5 300 ppm | 600
Additive Viscosity at 600 ppm
Blank — 56 cps
Nonylphenol-dinonyiphenot : 50 cps
formaldehyde resin |

While the present invention is described above in connection with
preferred or illustrative embodiments, these embodiments are not intended
to be exhaustive or limiting of the invention. Rather, the invention is |
intended to cover all alternatives, modifications and equivalents included

within its spirit and scope, as defined by the appended claims.
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Bl ank | 0% 0% . |
100" % HQI/USISA609 de

Nony!| phenolwsh%lbh%zﬂphenol
resin ijg sHEET @S\BﬁEN 5 Vi scosi ty’
measur ements were al so conductfed usRBEBLAGED sarme| quench oil sanples from

Exanpl e 4.i nCldimd aboratory and the resurtsare” summarizéd below in Table
5. Th ' d Br.pok | d Th h
o1 treated drth PnEMIBAYIE BHEatNG R SHEFRAUGRS %c@%ﬁ’%ﬁwaﬁ 800
ppm reducedfr%éhe}\ td18 diid gLdkith sELHGRS bt kthlishB MRARWAICH Ebforldds™"

) e a W th

actual ethyl ene sanme quench npl e was

300 ppm-of adddiﬂg\/m eftectivbfmitigating and reducing amount of an alkyl-substituted
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molecular weight of from about 2,000 to about 8,000.
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6. The method of claim 5 wherein the nonylphenol-dinonylphenol-
formaldehyde resin has a weight average molecular weight of from about
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7. The method of claim 6 wherein the nonylphenol-dinonylphenol-
formaldehyde' resin is made from a mixture of nonylphenol and
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8.  The method of claim 1 wherein the resin is added to the

~ hydrocarbon stream in an amount of from about 1 ppm to about 5,000
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(57) Abstract

(54) Title: MITIGATING FOULING meCING VISCOSITY

A method is disclosed for mitigating fouling and reducing viscosity in primary fractionators and quench sections of ethylene plants
by adding to a hydrocarbon stream a mono and/or a polyalkyl-substituted phenol-formaldehyde resin having a weight average molecular
weight of from about 1,000 to about 30,000 and at least one alkyl substituent containing from about 4 to about 24 carbon atoms, which

alkyl substituent may be linear or branched.
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3. The method of clalm 2 wherem the alkyl subsutuent contams from about 9 to about 16
" . carbonatoms.

4. The method of clalm 3 wherem the resin has a wexght average molecular welght of
from about 2,000 to about 8,000. '

5 The method of claim 1 wherein the resinis a nonylphenol-dmony]phenol-
formaldehyde resin,

6. The method of claim 5 wherein the nonylp‘henol—dinonylphenol-fonnaldehyde resin
has a weight average molecular weight of from about 2,000 to about 10,000, |

7. The method of claim 6 wherein the nonylphenol-dinonylphenol-formaldehyde resin is
made from a mixture of nonylphenol and dinonyiphenol in a mole ratio of from about 12:1 to-
_about 6:1.

8. The ‘m:ethod of claim 1 wherein the resin is added to the hydrocarbon stream in an
amount of from ébout 1 ppm to about 5,000 ppm.

9. The method of claim 1 wherein the resin.is add;:d to the hydrocarbon stream in an
amount of from about 5 ppm to about 200 ppm, REPLACEMENf SHEET
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