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above, or -an amino group; -a 5 or 6 nenbered
het erocycl e optionally substituted with: -a - COORx
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group, where Rx is as defined above; -a C6 to C8 aryl,
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-an al koxy, -a hydroxy, -oné or nore hal ogens, -a 5 or
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-a Cl to C6 alkyl, or -a 5 or 6 nenbered heterocycl e,
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R is: -a hydrogen, -a hal oal kyl,-a hal oal koxy, -a Cl
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-an al koxy optionally substituted with: -one or nore
hal ogens, -a C6 to C8 aryl, or -a 5 or 6 nenbered
whedoenmoycl e; -a C6 to C aryl optionally substPeTUSINS/025209

with an al koxy; -a -CORx group, where Rx is as defined
above; -a Cl to C6 alkyl optionally substituted with a
di al kyl -amno or a 5 or 6 nbered heterocycle; or
Rlj oins together with R2 toformR2 is: -a nitro
group; -a hydrogen -a hal ogen; -a hydroxy group; -a
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known that the neurotransmitters, dopam ne (DA),
nor epi nephrine (NE), and serotonl n (5 HT) regul ate a

o 1. i o



conditions. [0008] Al so advantageous is the use of
conpounds that inhibit one or nore of the

wmensoransm tters at the sane tinme. The anti deQI/ES®aN025209
qualities of the dual NET and SERT reuptake inhibitor
dul oxetine is disclosed in European Patent No. 273658.
Venl af axi ne is disclosed indJ S. Patent No. 4,535,186
as a reuptake inhibitor of both NE and 5-HT for the
treatnment of depressive disorders. U S. Patent No.
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C2-C6 al kenyl, C2-C6 al kynyl, C3-C6 cycl oal kyl, and
C4- C7 cycl oal kyl al kyl is op§j7(_)nal |y substituted with
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I ndependent|y sel ected at each occurrence thereof from
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al koxyal kyl , C3-C6 cycloalkyIL - C7 cycloalkylalkyl,
-C(O R13, phenyl, and benzyl, where phenyl or benzyl

is optionally substituted from1l to 3 tinmes with a
substituent selected independently at each occurrence
thereof fromthe group consisting of: hal ogen, cyano,
Cl-C4 al kyl, Cl1-C4 hal oal kyl, and Cl-C4 al koxy; or R9
and R10 are taken together with the nitrogen to which
they are attached to forma piperidine, pyrrolidine,
pi perazi ne, N- nethyl pi perazi ne, norpholine,

t hi onor pholine, [I, 2] oxazi nane, isoxazolidine, or
2-0x0-2 -pyridine, which is optionally substituted
froml to 3 times wwth a substituent sel ected

i ndependently at each occurrence thereof fromthe
group consi sting of, halogen, cyano, Cl-C alkyl, Ci1-C4
hal oal kyl, and Cl1-C4 al koxy; R11 is H3Cl1-C4 al kyl,

Cl- A4 hal oal kyl, Cl-C4 al koxyal kyl, C3-C6 cycl oal kyl,
C4- C7 cycl oal kylalkyl, -C(OR 13 , phenyl, or benzyl,
where phenyl or benzyl is optionally substituted 1 to
3 times with hal ogen, cyano, G -C4 al kyl, Cl1-C4
hal oal kyl, or Cl1-C4 al koxy; R12 is H, Cl1-C4 al kyl,
Cl- 4 hal oal kyl, C1-C4 al koxyal kyl, C3-C6 cycl oal kyl,
CA- C7 cycl oal kyl al kyl , phenyl, or benzyl, where phenyl
or benzyl is optionally substituted 1 to 3 tinmes with
hal ogen, ~cyano, Cl 4 aIkyI Cl-C4 hal oal kyl , or Cl-C4
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calpipni edrbiprate angyranduifidy withdesses japaunts ef ofhgr saltsazi ny! |
[1,3,5]triazinyl, triazolyl, furanyl, thiophenyl,

pyranyl, indazonI,benzinidazolyl, quinolinyl,

qgui nazol i nyl, qui noxal i nyl, phthalazinyl, cinnolinyl,
i soqui nolinyl, thienyl, imdazolyl, thiazolyl,
benzt hi azol yl, purinyl, isothiazolyl, indolyl,
pyrrolyl, oxazolyl, benzofuranyl, benzothienyl,
benzt hi azol yl, isoxazolyl, pyrazolyl, oxadiazolyl,

t hi adi azolyl, 3-oxo-[I,2,4]triazol o[ 4, 3- a]pyridinyl,
i mdazo[l,2- ]pyridinyl, pyrazolo[l,5- a]pyridinyl,
[1,2,4]triazol o[ 4, 3- a]pyridinyl, thieno[?2, 3-

] pyridinyl, thieno[3,2- ]pyridinyl,
-pyrrolo[2,3-]pyridinyl, or other heterocycles
optionally substituted with substituents ( 1 to 4 in
nunber) as. deflned belom1|n R14 R5 and R are each

T | o o s R - Y



[0024] The term "fused bicyclic heterocycle" neans a

bicyclic ring systemconsisting of about 8 to 11 ring
w@raam200pr ef erably 9 or 10, in which one or norPeT/OF2005625209

atonms in the ring systemis/are element(s) other than

carbon, for exanple, nitrogen, oxygen, or sulfur. The

prefix aza, oxa, or thia befpye heterocycle neans that

at | east a nitrogen, oxygen, or sulfur atom

respectively, is present as a ring atom A nitrogen

atom of a heteroaryl is optionally oxidized to the

correspondi ng N-oxide. Representative fused bicyclic

het er ocycl es i ncl ude benzEBLEWY! ,

benzo[ Z?] t hi ophenyl , benzoi sot hi azol yI,

benzoi soxaAmaiptical Rdadtsl gt FoladoDeposit Expmgdds V1 |

i ndol i zi nyl, benzoi m dazol yl,, benzooxazol yl,

benzot hi azol ylI , benzotriazolyl, i mdazo[l, 2-

a] pykoditing| , pyrazol o[ |, ] pyr Taheside,

[1,2,4]triazol o[ 4, 3- a]pyrldlnyl t hi eno[ 2, 3-

| pyr iEtitragtion Pafiaeno[ 3, 2- | pyHhiengdnsoli / i - pyr r ol of 2, QL

] pyri di nWt% chronmenyl , di hydr ob®ozot hi ophenyl ,

di hydr obenzof uranyl, indolinyl, quinolinyl,

| SoOSOLIN ANMLYSES -.qui nol i zi nyI 9aH qui nol i zi nyl ,

qui@gg@hgnyl ci nnoli nyl, qU|nﬁ%a¢|nyl

benzo[ tr|a2|nyl benzo[l 183 @]tr|a2|nyl and the
l'ike. %? The term "al kyl " neans an allphatlc
hydr oc 4roup which may be stralght or branched

haV|ng Nigega" 1 to about 6 carbdfatons in the chain.
" Br anchkatitl Sppans that one or ndf% | ower al kyl groups,
such as nethyl, ethyl, or @Ro@ytitic dreattached to a
i near al kyl chain. Exenplggy(ﬁ Linyd s groups i ncl ude
nethyl et hyl, npropyl, @3@ te @z butyl / - butyl
"-pentyl, $d 3-rentyl. [0026] *Ee term' alkenyl
means dnasf hatlc hydr ocar bon °9 oup containing a
car bon-F€ar bon doubl e bond and Bch may be straight or
branched havi ng about 2 to abo@tl06 carbon atons in the
chain. & eferred al kenyl groupgshave 2 to about 4
carbonptons in the chain. "Branghed" neans that one
or nnrqwfomer al kyl groups, sugh;as nethyl, ethyl, or
propyl are attached to a line fy aIkenyI chai n.
Exenplary kenyl gr oups |ncIu§ gthenyl propenyl,
n- bute d z- but enyl . [002 he term "al kynyl "
neans QQHP'L @hati c hydrocarbonggepup containing a
rbon‘CF' %gle bond and. h may be straight or
bReACreg Sy A out 2 to about’ 6 carbon atons in the
chetelvt Ipssdp 894 %d al kynyl gr oupsl-‘have 2 to about 4
chotidort. latsdeB00 € t he chain. "Brah&hed" neans that one
oCommiseon losseat 880 ¥G)l gr oups, suadho as nethyl, ethyl, or
PAGPY!, are attached to a |Iinegal kynyl chain.
Exenpl ary al kynyl groups include ethynyl, propynyl,
n-butynyl, 2-butynyl, 3-nethylbutynyl, and npentynyl.
[0028] The term "aryl" nmeans an aromati ¢ nonocyclic or
mul ticyclic ring systemof 6 to about 14 carbon atons,
preferably of 6 to about 10 carbon atons.
Representative aryl groups include phenyl and
napht hyl . The terns "naphthyl"” and "naphthal enyl" are
used i nterchangeably. [0029] The term "al koxy" neans
an al kyl -O-group wherein the al kyl group is as herein
descri bed. Exenpl ary al koxy groups include nethoxy,
et hoxy, r-propoxy, z-propoxy, n-butoxy, and heptoxy.
[ 0030] The term "conmpounds of the invention", and
equi val ent expressions are neant to enbrace conpounds
of general Formula (I) as hereinbefore described,
whi ch expression includes the prodrugs, the
pharmaceutically acceptable salts, and the sol vates,
e.g., hydrates, where the context so permts.
S|n1larly, reference to |nterned|ates mhether or not

o T oy




[0038] The term "pharmaceutically acceptabl e prodrugs”

as used herein neans those prodrugs of the conpounds
wais@bokooaccording to the present invention whiBOT/ES®N5/025209

wi thin the scope of sound nedical judgnment, suitable

for use in contact with the tissues of humans and

| ower animals with undue toxigity, irritation,

al l ergic response, and the i kKe, commensurate with a
reasonabl e benefit/risk ratio, and effective for their

I ntended use, as well afé%ﬂg@gg erionic forns, where
possi bl e, of the conpou i nvention. The term
‘prodrug” neans conpgidsytrip@hargsapi dly transformed
inv/ivo to yield th‘p'aT—eh‘ﬁc—o—r?p—mﬁ‘gSf t he above
formula, for exanple by hydrolysis in blood.

[6081Gt | ONfthe GRAYASaIWBILS RisEdForlfe AARIyS Yot JoasioRldRs aredisted
net abol i ¢ cl eavage in vivo, formaclass of groups

beleac witheknuivih e’stabhskvafdapvopbd@eanptmﬁ infeemagopoliheks tosts are

t he present i nvention, They incl but. are_n
morgtYRigrlbcarsigdipug eahe toludng- Hbﬁﬁg‘ﬁ% Horafso%gﬁtdﬁoulants

VBSAELE BE TRRL cE BER £ 00 roes

oH§Bﬁ@YAf)mes%'t%&§>é£@gm'iwéd b&YGH as et hoxycarbonyl),

trial kyl st (such as trimethyl- and triethysilyl},
nonoesters forrred with dicarboxylic acids (such as

succi nyl ), aAdalydie |ike. Because |of the eas®ravedire

Moy FhatH}ro EE‘?J@RB&sh&% by 51 eavabl e gr i1 199373/D$291

(i:ar 0 ,ya:r%ben, ”1.rogen (cgr"bu(s)tlrogll% &P ! m > I TGN /BB

I RV I VU3, T bUII}JUuIIUD U at | IAIA%TR/J

C
hliEOgﬁ‘?'q\(Jdr lJr)lQ The r-nnrhmmric beari ng—t T

e VoTteconpotn 17 Mpcﬁéﬁscpfod
Sl o CEO GFhups have t he ad\mnm@&fmmzﬁwemq, S

Sufferi Britl (S (Pfdved bi oavailability |as ACP-BESASTMDI20/D4327

TrhHroed RepirtadasiGhlorineand/ or rat e of  alsSdME44ER2361

et vineridansit tsapar ent  conpound bySeaorettibelowf t he

WM& gsence of the netabolicall'y cl gavahteogs FuRA, GVAA, or GFAA

ST Ro@l SFHS SURE, Planiy 00T UTS TS DTANASH] flod e

Cogtoh Sl g, e DeSTOT OF (IrRFESIHS) Mod for Soic

A\ AL AA.-\-.-

ArR}n’a_'tﬁMA_hp&n V'a\illo l f[] ) \Cl LILJ uo 11 blétolL‘y'IIUIr\Ug‘y’
MeljsiziPoiat (foowaxed Pr odr ugs. " Kr ogsdaar %ﬂ‘ﬁ’fcseé’ﬁlowed

XFRatItiekioofXKWUg Desi gn and Devel opnéed noteChelow-er

Cpridal Bricid®dopy®1991) ;. Bundgaar d. " Advianceee mtepdpelde] | very

Revi ews 8:1-38 (1992); Bundgaard et al., Journal of
Phar maceuti cal Sciences, 77:285 (1988); Nakeya et al
alchdiniptrgeommended shalsbor pitogen: cantepts HielowH).s. w. %sth&smore

Soriciurate i et S FRct o e B K B ERR B

Desi gn" Anerican Pharnaceuti cal Association and

T ST e
' ncﬁtﬂﬁ)@ghé}h't(nﬁfd‘geﬂoér iﬂgﬂhf Wl’nfeomeﬁs‘iﬁﬁ@ Wt.% W88 &8s aafﬁﬂctlon

benzoate derivatives o cohol and am ne functi onal

gr P SempertabreC om?gml sisofthérh einivdaséd oa  JOOG9Ifor heomplete
term "t herapeutica effective anpbunts” is nmeant to
desmmithstion aadmshtcootenc Gmprgangcs) inedspremerssnt

invention effective in increasing the |levels of

serotoni n, norepinephrine, or dopanm ne at the synapse
Clan cIndumi@ly gronpled ré:)}a%lﬁ'é Q@pti¢aleBmissiom Specirescepye CP-OES),

Su ener al | 0 to a nber

adiBRe wdpmicy Arerache” SELoTEh SPEryrRef KPR Agrotion
arttﬁm he FiRRsdd Ridit RbQFHASH (GEAAY tO
det(ermﬁe (gfhg?:]count %:)r. 'll"ﬁ}gse %ﬁudé vvlt)nhout
I|mtat|on. the particular subject, as well as its

age, wei ght, height, general physical condition and

nmedi cal history, the particular conpound used, as well

as the carrier in which it is fornulated and the route
of adm n| stratlon seI ected for |t and the nat ur e and

- Y a1 M 1 ~NN AT —



I ndependent|y sel ected at each occurrence thereof from
the group consisting of: Cl-C3al kyl, halogen, -CN, -OR
W@ 2006l2@RL0, and phenyl, which is optionally PCT/US2005/025209

substituted from1 to 3 tinmes with a substituent

sel ected fromthe group consisting of: hal ogen, Cl-C4
al kyl, Cl1-C4 hal oal kyl, Cl1-G4 al koxy,-CN, and -OR 9;
or R4 is phenyl, naphthyl, |ndenyl pyridyl,

pyri m di nyl , pyri dazi nyl, pyrazi nyI [1,2, 4] triazinyl,

Nzﬁf;%a}“ aZI n @Ftornlggﬁfg :(Mba %glrlgﬁnXseéidfh(%ﬂ%oﬂe%ltb determine
qutl{é%ﬁb'(ﬂ%}?mgéﬂ%ﬂ%‘ Rt oarbéit.hal azi nyl, cinnolinyl,

i soqui nol i ny lenyl, I mdazolyl, thi azoI yl,
benzt hi azol yl, purinyl, |soth|azolyl i ndol ylI ,

e) PYMeMivg pomt@Zlﬁ?d)MH behﬁé@s@i‘w ahgh hlglﬁlmﬁlbl}ﬁ’ﬂ,yfoulants (waxes)
benzt hi azol yl , |soxazonI pyrazolyl, oxadi azol yl,
thhachbmmllylbmlﬂecbxo [, 4] triazol of 4 3- ]pyridinyl,

i rri dazo[ |, ] pyri di nyI pyrazol o[ I, 5- a] pyridinyl,

2, 4%tr| azoI o[ 4, 3-_]pyridinyl
f) t hIc@ﬁa igs gpez}lﬁvrcfrastﬁyme phﬁS@ﬁ@[fanrgaptfypmpﬁwms such as the

oA e e S AR B o o
d R6 h
epe dentﬁjggagﬂﬁ%g?gg?Igv?fcl)frgﬁoﬁéﬁﬁacloc%eﬁn Cl1- Caglek)e”ac or
Cl C4 al koxyal kyl; R7 is Hor Cl-C6 alkyl; R8 is H,

g) ha eiesl, rrné?&(copesﬁtnpl@@\l,aré: répagdk ly, em&\dldlﬁ)g thd\RaRed solid
u;. R14 is independently selected at each

ocfmﬁaretnoeemxdmfallwb@ tbb't ayeeties of smdard gondingeangt pobshing
iograc %Le lNgzlfll%g cr%ss-ﬁ%\;ﬂlnl @agﬁléﬁgi@t sampl?e is
alsé'lQ?I e&eﬁ&&d ﬁl}r cr églagﬁ?ed 1% p&%%ﬁ‘}gn % fﬁ%ge on the

angh Ghchidel @déﬂﬂ aldfpholo elpart(élc @z@ ree ©F- z@ﬁsotro ,
al kélﬁif/llle (032 C6 al kyn yldprS-g cycl oal k d%gnd cA-Cr Py

cycsifleatange.paegsitynard tslusiors (oyg. smhsu{&céas) Wwith 1to 3

substituents independently sel ected at each occurrence

C fr r?the group consisting of: Cl1-C3 al kyl, hal ogen,
—‘i‘éﬁﬁiﬁ}—mﬁ CN, -OR 9, and -NR 9R10 . -[0044] Anot her
enbodi nent of the present inventi on relates to the

ound of Fornul a re: X is benzofuran-2-
Wts‘fn‘gmeyﬂabwmwm SO0 (R fodbr B BB S b st V(etals)
5-f1 uoroben ran- 2 yI met hoxy- benzof ur a 8
Atqaie H/G Ratige #M@@sﬂ&%ﬁgn ] ﬁ‘??‘&'ﬁqﬁ- o’
7- et hoxy ben2bf4 %THO"Z yl HORSEPIIC . v |

benzof ur an- 4- yI benzof ur an- 5-yl , benzofuran 6-yl,
benzof. ur 17- 2 3-di hydr o- benzof ur an- 5- yl,
1 S 4- chl or o- benzo| ]thlophen 2-yl,
4-fl uoro-benzo[ ]|h|ophen- 2-yl, 4-nethoxy-benzo]
] t hi ophen-2-yl, 5-chl oro-benzo[ b]thiophen-2-yl,
[00320 | uorDhie mestreduitdseplaboralemyl microscope that can magnify to 250X

6- chl or o- benzo t hi ophen- 2-yl, . )
and praferably @é}QQ}% &%QIWM@II#& nsq_&t¥19|ability to observe in transmitted
cro?é%m?g{zga i b% %aﬁ% hcﬂa'él%gy ah&sogoa}co%e' ipycross-polarized
S e e

req%ur'éﬂt Anhbest ﬁ{osi 1f¥sqRbeide Y qualitative information, transmission
chl or o- benzo[ 6] i hi ophen-5-"y
miGoscorfyl imparherhiymparemuch 111$1ghb¢mtmh5 cgises of fouling.

4- cyano- benzo[ ]thi ophen-5-yl 5Amet hoxy- benzo[

] t hi ophen-5-yl, 4-hydroxy-benzo[ ]thiophen-5-yl,

4- et hyl benzo[ 6]t hi ophen-5-yl, [I,|-dioxo-1 HI

| 6- benzo[ ]thiophen-5-yl, benzo[ 6]thiophen- 6-yl,

2-chl oro- benzo[ fe]t hi ophen-6-yl,

3-trifluoronethyl-benzo[ ]thiophen-6-yl, 7-

nethoxy benzo[ ]thlophen 6 yI 7-hydroxy-benzo[

Tr



pyridazi n-3-yl, 5-nethyl pyridazin-3-yl,

6- nmet hyl pyri dazi n-3-yl, 6-di nethyl am nopyri dazi n-
wW@E2006/02061et hyl am no- pyri dazi n- 3-yl PCT/US2005/025209

6- ani i no- pyri dazin-3-yl, 6-norpholin-

4-yl -pyridazin-3-yl, 6-trifluoronethyl-pyridazin-3-yl,

6- cyano- pyri dazi n- 3-yl, pyrj?@;in-4-yl, 2-qui nol i nyl

3-qui nolinyl, 6-quinolinyl, 7-quinolinyl,

1-isoquino|iny| 3-isoquinolinyl, 6-isoquinolinyl,

[0@)?'3» oir It ?o%t t&sektg/ll a%pﬁCEQ&i ébsﬁg&tﬁg Al representatlve drop of the
oil br 8th%} qtﬁhﬁ?—érﬁeﬁng land %Mﬁé h'fo@le&llmetﬁtiﬁ 'ﬁ%ﬁtazl’ 1) &-ro\f)l is placed
pht hal azi'n-7- yl, “qui noxal T n-2-yl, qui noxalin-6-yl,

ofjdicleanahicrestopt slidel anaz:otzedebyyat CO\qalnlshthkienFﬁfstydt 100X
gu.inazolin-7-yl, 3-ox0-] !Atrlazolo
f0§]1§)§h€i HGTOSCOpEe, omﬂleze@%angrhqp fibngnd CV erimpge ifsthere are any

oG5 AT e BRI o i
li(ﬁggé é’f’ thEI Hf@we%h flot a ﬁg)g\ﬂed E’E&r&y {5 néMe SER¥EN under

enbodi ment of the preSent invention:

nd’rﬁiaﬂlﬂlgﬁt ttﬂe hbﬁt st@‘fm@rﬁiaﬁﬁnEd[dﬁdnq)lé lundeheross-tpotarized light.
carbon atom designated * is in the R configuration

W[armx%qlclm archdlearcmtstimad highbbut sh@“pupge Brighh witeiip§ross-

P({;lgllilg?tﬂils M(g;gé‘fc oegg%; (c)lf:lgs%oﬁé ulip b%!:guse it dlssolf\1/es on heating
néAP ! n?éi[tﬂg Ip%p'lt[ 9sievernfiihe Eoﬁmqhﬁﬁgﬁdé}{tlﬁe@aso&ﬁﬁﬁﬂhg a
n e e

I nve tées to a’ mxtur st ereoi somer
la?y Rastiisofolat,ab¥ehdng Waxviheahe fédtcorcgrodact éft Hfouled unit is
esignated * is in the S or R configuration. [0048]
s1gmf1|¢amt tif edargermysaberaitparticlag os yisebt lehqurdsaare observed,
particul ar .preferred. substit u nt . at

fofgeen ¢ Aad Rt 4 moviarBuprenToptan (o RenfiY aftih e Tagwing

hers of R R8. That is, the specific conmpounds
Ch%}%{t/‘%}gseggher ei n have any of the specific sbstituents

at any of the positions. For exanple, as described
her ei nabove, Rl is preferably Ci1- C al kyI the
seIF_M_eRl as any dohaxcfy s Uader M
al kyl, does not Iimt the choice of R2 in partlcul ar
1.t Wamy one of H3Cl-({6aminkydrmadlighl.- Béightplatdsoa keeidles
Rat her, for Rl as armyleﬁﬁksg&n@ahgm C5 or Cb6
aIkyI,R2|sanyofH c 4, C5 or C6 al kyl
2.0AsPhaltdiés C3, C4, Agplometiichof gmhliyiamcﬁémd forlybrowhesh,
sel ection of R2 as aped¢hdihs falnorfrbl light ahd daffouder C6
al kyl or C1, C, C%ro %z&{ hal oal kyI does not
l[imt the selectlono In pa icular to any one of

1

3 AR CaKe Tl BB ﬁt%s a%gmﬂ?ﬁ;@ s
substituted C4 C7 BGR 1y GEQYS-P ﬁ
speci fi ¢ conmpounds vgien the mwmppeﬁtaaﬁés rofated. wi t h the
follomnn substituents: TABLE A OA METHQD FOR REFINERY

ot CokPOB) T CHEHRHERItElRs|mbotinararelightandrpgss-

I NVENTI ON [0001] Tipelgrizeddighti nvention is a nethod to
identify the chem cal conposition of an unknown

5.r Bbnrbaifidsol i d f oulBlatk papiotdstin bokh soimaldighitemd cross-
provi des a pr ocedum]aﬁmuq henabl es refinery and
support | aboratory personnel to better coordinate the

6.d8algnosi s and sol uQledr cubid Sieaped Trystal1in mobivd! gl bon
fouling problens in refining by having an accurate

7.untgesbDespdi ng of WSphetibdl, Eleut Aigiomethat fugh cofor when

Al t hough "t he exarrpt,-&aptesledﬂéﬁaeutwﬁh R&PAEE-sORPUSIR)
refining, the protocol described is also fully

applicable to chem cal plant and upstream uni t fouling
anal yses. [0002] Petroleumrefining includes a nunber
of different method units. Fouling of a nmethod unit is
caused by the accunul ation of an unexpected phase in a
nmet hod unit. ThIS phase is often a sol | d that

S .y Y o a1 o, T




b. Salt or scale deposition fromtreated/ untreated
cooling systemwater 2. Corrosion Fouling: the
wo eaehemrl of the heat transfer surface to fornPCT/US2005/025209
corrosion products. a. Iron sulfide formation by
reactive sul fur or hydrogen sulfide b. Iron
napht henate formation by naphghenic acids in the oi
and possi bl e subsequent reactions wi th hydrogen
sulfide to formiron sulfide 3. Precipitation Fouling:

ti f .an insgl ubl . £00] b 1:%icn .

QTS ' oBe e B oaRER B gy b8 L edlsfaR b Bl ehftnes is
Hehte idbnti FbWEvér Shb# i
! C oolslE ﬁ%lﬂg(gjl tg{/hvd%rﬁtéﬂ;‘ froglg% [ ngﬂt) enper g%/l\ﬁ?%(ﬁﬁ&hi g ﬁeogkﬂ%y tise than
usinp ecmbmittodlight. PlausgbhialeriativeAs phibdeakngp the fosliant amnd

by cooling converted resid, such as by Visbreaking(tm
dispere 8t a4 hawig(afpy, vaptibye sa¢thas hexadgraaa d -methyl

i nc atible.oils in the wo portions that can
e GBRe. oL s Ben et AR I 3R aris i Easids above
oy 4 R AR T Al Tl R B e
liGeiis ! Fomefaonple Ngsphhnémeatdre insolutsle ih hegdddehge phasduble in the
chem cal reaction between conponents in the fluid. a.
ofhiee thra¢ liguldsng (asphal tene insolubility during therma
cracki ng) b. Polynerization of conjugated ol efins c.
Aromatic Gowth d. Oxidation e. Ammoni um Chl ori de,

Bisulfide, etc. formations f . Qhers 5. Particul ate

Foul i ng: di spersed particles formed upstream and

carried over to and deposited within the fouled unit.

a. Coke b. Asphaltenes c . Iron Sulfide d. Catalyst

Fines e. Ohers [0014] Fouling often results froma

conbi nati on of and/or a series of these causes. Hence,

characteristics have been determ ned which can

identify each of these comon causes of fouling based

on the chem cal conposition of thedeposit. As a

result, a sequence of analytical tests for the foul ant

recovered fromthe fouled unit were designed to

di agnose the cause(s) of fouling. [0015] It is

extrenmely inportant that accurate records are nade of

the location and approxi mate quantity of foul ant as

wel | as nethod conditions during and before the

fouling was noticed. Pictures of the foulant on the

unit are also very hel pful. Inportant nethod

condi tions needed for the root-cause determ nation

i nclude tenperature, pressure, flow rate (residence
time), source of the nmethod fluids, details on the

geonetry of the unit, and netallurgy of the nethod

unit. Is this a first occurrence of fouling for the

unit? Wien did fouling begin? Wien and what were the

met hod upsets of the unit? These kinds of questions

about the nmethod unit should be answered as part of

the nmethod history. If the nethod history suggests

possi bl e fouling causes, they should be noted. [0016]

For exanple, if a foulant is obtained froma heat

exchanger, it is inportant to know if the sanple cane

fromw thin the tubes, on the tubesheet face, or on an

unheat ed surface of the channel box. This know edge,

whi ch inplies surface tenperatures, netallurgy, and

velocity factors, can provide valuable clues to the

foul ant source conpared to just stating that the

foul ant was retrieved froma particul ar exchanger.

[0017] Care should be taken to ensure that the foul ant

sanple is representative and not contam nated by

collection or flushing procedures. If it is also clear

that there are different types of foulants, they

shoul d each be sanpled. Ideally, about 100 grans of

foul ant should be collected for each sanple. If this

) ' I D T



organics by allowng for increased surface areas for
asphaltenes, for exanple, to lay down and thermally
waolegoat®et 0 coke. El enental analysis will suggest/usf005/025209
the primary cause is due to iron sulfide (comon), sea
salts, ammonium chloride, alum numsilicate or others.
Organic Fouling [0024] |If [qg_ﬁoluene-insoluble
portion of the foul ant sanple is |ess than 10- 15 wt. %
i norganic, the bulk of the foulant may be due to coke
CI§$BQ$gh nol ecul ar wei ght waxes. The cause of the
tc fouling should be determ ned.[0025] The
conposition of the inorganics may be used to trace the
origin of the organic fouling precursors. For exanple,
vanadi umiand\ miethed taidentify arefinerysolidéotladt bbunknown
organi cs as porphyrins and are soluble in crude oils
coppositeg anpITHing, these nmetals can indicate entrained
resid in a gas oil stream for exanple. Neverthel ess,
the next step is to determ ne by optical mcroscopy,
usi ng crosspel aw,z ' r the foulant is
i sotropic (%20?6 é%lgg}é %?(ma{%?tgc%t%r‘gg’l c (ordered) coke.
One determ nes whether or not the coke is ordered or
unordered by the patterns observed with the
i cr oscope. Worremoams eappadefead ifen saidi sangple gathed polvent to
coke exists as distinct patterns of varying shapes or
obtainan nspble saRPIS.sot r opi ¢ (unor dered) has no
di sti ngui shabl e formati on patterns. [0026] Ani sotropic
coke derived from carbonaceous nesophase shows that it
was forned tRenmBk saidiakbludld sirhpleaditlh ycamaseelectron
separation of insoluble asphaltenes, such as the
micrdscopy ahd essigy. dipersive xerslye, i s i sotropic, a possible
cause is the initial polynerization of conjugated
ol efins. The presence of significant volatiles bel ow
3700C (700 OF) .incthe I [ ric '
may be an i%ﬁiég¥?6r"§£§fm%ﬁgﬁ au§§k¥3332+%§%§?§@§§%§fn
asH B8t 8h118E irsoHitietample o defctining ke presedde @polfxmf,l aoke and
occurs in condensed |iquid products of therma
inanganicielgméstisch as from cokers) after being held at
232- 324C (450-615 OF). Asphal tenes can al so becone
i nsol ubl e by blending oils containing asphaltenes wth

ils high i i
convertod o et 8h oFAfed iy i b thsaluble sample
for le@lléhBiits RaFet Ryafdged difdrYditrd geh/ Bilbgans; andpheals| y

observed when coké exists in the deposit. During
conmbustion with oxygen at 8000C (1,472F), additiona
coke is 'volatilized, fromthe sanple, |eayin n
ash whi ch i §) dueriosnyag an opHgakMICTAIGopy;Qn '\e{'ﬁdgsqql}bk% sample
Xj st .in.an i e Ei : i :
o FteEmi RS eS8 R A poprtiencs. BpfiBuioic e AiBpsgic
coEyzﬁ&tgz and divided by w. % carbon) of the coke can
€ roughly correlated with the tenperature of
deposition This can help to determne if thecoke was
formed at a hi gher tenperature upstream of. the foul ed
unit, if thet dpRifying hegemposiien Otem&rﬁ ouldt, i f
t he coke had been present for significant |engths of
time, or if a catalytic nechanismwas involved. It is
known from ti hiiBudiéléint Paihcsihald QBB vf hEByiHeAFighed
ratios in the 1.0-1.2 range, coke materials have [ower
fedd Fofrpddi@sampld i¢ psefoesmed avitththeasvlvérgholmene, Xylends, irethylene
al so inmportant to correlate HC ratios with findings
chiariste: ori comabivapgns theeeofy C ratio i s an average val ue of
t he honogeni zed sanpl e, which nmay contain different
types of coke. [0028] If the foulant is soluble in
tol uene, but insoluble in n-heptane, it is an
asphal tene by definition. Thus, it is forned by one of
the two nechani sns di scussed above but was not heated
enough to degrade to coke (coke is defined as tol uene

L,




the ratio of aromatic to aliphatic carbon. e) Mlting
poi nts shoul d be neasured when high atomc H C

wo oaobamios1 (waxes) have been identified. f) | depdT/U5®85/025209
specific crystalline phases of inorganic conponents
such as the type of iron sulfide present in corrosion
scal e. XRD can al so be used tg find the degree of
graphitization in anisotropi ¢ coke. g) Optica
m croscope sanpl es are prepared by enbeddi ng the

hed id | ant i fol.l i f
Jonieleniens U3 XV R e QS Y i e, A0 e
BN A505e STRLLAMEhRSREILE UL AADIRG, Rk et
bB&vEAdH0800°0E agdaph aftenbhtde gener al nor phol ogy,

particle size, degree of anisotropy, reflectance,
porosity and inclusions (e.g., netal sulfides).
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M croscopy [0032] This test requires a | aboratory

m croscope that can magnify to 250X and preferably to
400X. For 5seldeahethod ©f chaimabiwhierginisaidotier ol eptigal
transmtted ¢cross-polarized light is required. To
MEROSEPRY, 1S Sé%%ll@és-ipﬁhf’{%&%@g'&l ari zed |ight, an

- intense light source, such as a hal ogen or a xenon

| anp, may be required. Although nost uses provide only
qual i tatige TheGhombH Of cldifrAD Skttt cofptisifi® 8eogt¥p of
inmpart can inpart nuch insight as to the causes of
péxdutmhing, § H@383r Mhgnetistesosaicelonzgapd sarapieon i s
observing a representative drop of the oil or other
liquid entering and | eaving a foul ed nethod unit. The

drop is pkac n I .M ol red
by a covel " sl Bq’é?‘?ag."?%ﬁlﬁfglﬁﬁi%%ﬁrﬁﬁgu iz ﬁyestgﬁ%F
mPaGR98E REmERing oih@Dflshidiéhrhplaui d fil m and determ ne
If there are any insoluble particles or |iquids. One

shoul d |1 ook for many particles or insoluble Iiquids

oone ore. SoehERotara | BT hal S OcpRerngsai
oBHPAAEad e Bp R N Paret U by oy, Bl gl B ponds™
bright white in crosspol arized |ight. Mst wax does

not cause fouling because it dissolves on heating near
its neltifg fibemethbdwéetaim 1 whetainseid of pasforanngissid optical

identified as containing a large fraction of way,
MYBEASEQPONLS GABBE] AU IQedetersng rlfafﬁq%?o@}éf Isgyresent &P%@f%ﬂ
is sigpnificant. If a large nunber of particles or

up F%EIe | i qui ds are observed, focus on one and use
t he maxi mum magnification to identify with the
foll owi ng characteristics: Fouling Cause
Characteristics Under Mcroscope 1. Wax Clear in
normal |ight. Bright plates or needl es under
cross-polarized light. 2. Asphaltenes Aggl onerates of
small particles to form browni sh, curved chains in
normal |ight and dark under cross-polarized light. 3.
Ani sotropi ¢ Coke Black particles in normal |ight but
orange with black brushes in cross-polarized |ight
that nove when the m croscope stage is rotated. 4.

| sot opi ¢ Coke Bl ack particles in both normal |ight and
crosspolarized light. 5. Iron Sulfide Black particles
in both normal |ight and crosspolarized light. 6. Salt
Cl ear cubic shaped crystals in normal light. 7. Water
Drops Spherical, clear regions that turn col or when
sanple is blended with a water-sol uble dye.[0034]
Ref |l ect ed optical mcroscopy of polished surfaces of
solid foulants is the best nethod to identify



