PROCESSES FOR | REMOVI NG, HY. . DROGEN SUI . F. | DE FROM REFI NED HYDROCARBON
STREANS . FI ELD OF THE I NVENTION 00011 This invention relates get rally to
processi lyohlydraaewsbon nmedia, and nore particularly, -tecrashad®4d8or
removi ng hydrogen sultide froma refined hydrocarbon stream BACKGROUND COF
THE | NVENTI ON [ 0002] Hydrocarbon nedia, such as a refined hydrocarbon
stream may contain hydrogen sulfide, which is highly corrosive and

poi sonous in_very snall. cong ations, The risk of exposure to hydrogen
B0l Trde T onPKEkHSRS R REPYeRtEEPR ey S 3 By FAEREE Saoncer s
during storage, transportation &shipAin , truck or pipeline) and
processi ng. 0003] Hydr ogen BYUPREEeARRGVener8Vdan be used to renove

hydr ogen sul fide from hydrocarbon nedia, One type of hydrogen sulfide
scavenger is glyosal. During production of glyoxal, acidic byproducts are
of t en f oFHdd} OTfhddke IBYPANGdt s can |l ead to increased corrosion rates
during, hydrocarbon processing. Wen glyoxal is added to a refined

hydr ocar pon1 BTk @Menti e radabdichcRYPROPHebSingMidedtaifon Malia Se8 wlke in the
retitled hydrocarbon stream can settle out fromthe refined hydrocarbon
stream i g0, $ERALALIRIRAUSOME RAAS BrosER S BALIBNS, rHilE: ARHEONSPhase may am
al ong the bottom of the processihg or ‘refinery equi pment” as snall
tributarL§§H$n pi pelines or stagnate at the bottom of holding tanks. This
aci di ¢ aguéous phase is highlycorrosive and can cause troughinF in the
processing or refinery equi pnent [0004] Wat is needed is an inproved

met hod fgqr, I, W ] n.sulfide froma refined hydrocarbon stream

wi t hout é&ﬁ%ﬁt’&% @iﬁfy‘ﬂ‘%ﬁ‘fﬁ%ﬁ@g& ng equi pment BRI EF DESCRI PTI ON OF THE
| N\VENTI ON 00051 In one enbodi nent, a method for reducing the anount of

hydr ogenl 8GR f Hadropprdse predian sughres RirplatpdHydrasemiop gHregt rsanteaidn fedigebhg t he
anmopunt of corrosion in processing equipnment contacting the refined

hydr ocar fidiides twhednss haai deoraishedind polsodes iaddivngnal wocaositions. | e ikt or to
the refined hydrocarbon streamin contact with the processing equi pnent to

protect bippERE &SH} ARGl RIFERIm aRshiRddivagheaibyexallid 19 athRelur &fd pedy
hydr ocarbon streamin contact with the protected processing equi pnent,

erein §&fcgrnctﬂl'h§1§%h)9é§l®d {?Qﬁ%b&é&'{m{ (r}ﬁ’%g\g%it %ﬂ\e&@g@@kwa AR r%gg‘lzﬁ?mﬁg mpoun

havi ng a nitrogen-contalning ring. I oUs e ments provide

an i mpr Otﬁ:ﬁgf‘fﬁgrﬁﬂe” ki er%g'n” L PLRGESRed A refyBld @?& ft]é%{ld:r ﬂC%rP%P Streams
that redtced hydFsgen" dif 5 e Sk 98 “HUSThi%ZPREY e oY T 88T oI {1 'prBcessi ng
equi prrent L . e ) :
hydrocarbon media. One type of hydrogen sulfide scavenger is glvoxal. During
production of glvoxal, acidic byproducts are often formed. These byproducts can lead to
increased corrosion rates doring hydrocarbon processing. When glyoxal 15 added to a
refined hydrocarbon stream, the acidic byproducts, which are not soluble in the refined
hydrocarbon stream, can settle cut from the refined hydrocarbon stream into a separate
agueous phase. For example, the aqueous phase may run along the bottom of the
processing or refinery equipment as small tnbutaries in pipelines or stagnate at the
bottom of holding tanks. This acidic aqueous phase is highly corrosive and can cause
troughing iy the processing or refinery equipment,

[0004] What is needed is an improved method for removing hydrogen sulfide from a

refined hydrocarbon stream without causing corrosion Lo processing equipment.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 1100071 The singular forns "a:" "an"
and "the" include plural referents unless the context clearly dictates

ot her w sewothe/maeepoi nts of all ranges reciting the sampcthse@owersrstic are
i ndependent|y conbi nabl e and inclusive of the recited endpoint. AD
references are incorporated herein by reference 00081 The nodifier "about"
used in connection with a quantity is inclusive of the stated val ue and has
the meanj ng dictated by the context (e g., includes the tolerance ranges
nesoc at BT D hedCurbuatty TER TNTESHRT e ar Cquanti ty), 0009] ~Opt 1 onal ”
or "optionally" nmeans that the subsequently described event or circunstance
may or nEPORDbIN aecubodonet ramethhd feubdednetie lap cudierdthvidiaegn pelfidei al may or
may not be present, and that the description includes instances where the
event or pregint Guisitand avdrocarbsn areawhgrdaclinéngiik anioaht éfcopogsed . and

i nstances where the event or circunstance does not occur or the material is

not presgRbessiBQL0nicnt QN ERRAd RBALI halrsRek0h, §edHeiing ihhgiamunt of
hydr ogen sul fide present in a refined hydrocarbon stream and reduci ng the

Dt o ear T ooLen i o | oau ARBNL - canLacti no 1 horr af | ned
amunt o (gﬁr%s{% ?@y‘g%ﬂ}dslgiugkﬁgﬁrg%F{?ir?c‘éﬁ Hl <ﬁ.’x{§§<{]§%§ QRLACL! e LNG:eh Bl ne

hydr ocar b udes adding a corrosion inhibitor to

the refined hydrocarbon st rqarrhi_ n_contact with 'g]s(g (P({io_gels‘siqng %%ui pnment to
protect PRESHPSCELETG CqUPBHERT PEITPSHERMY Y SRAIY S ¥REY &S Med

hydr ocarbgn streamin contact with the protected processing equi pnent,
wher ei n &hned BudpesPansteiRl Bicosic) wWeb Heesoseod PSR sssMimiat.comssind
having a nitrogen containing ring. 0011] The refined hydrocarbon stream
may be amyd typmiefinhibftibnedludydaoognbonolsbleeampoond Biwmingnivpdemgen sul fi de.
In one enbodi nent, the refined hydrocarbon streamin hides, but is not
limted tentaigidg il , naphtha, FCC slurry, diesel fuel, fuel 61. jet fuel
gasol i ne, kerosene or vacuumresidua. In one enbodi nent, the refined

hydroc. afpes; $he a0ERMHBE g&mﬂuﬁh@xmlﬁ&o%&m% AW @l BB for

enbodi ment.,” the refined hydrocarbon stream nay be at a tenperature of from

about a0l nBoBRBYl wABG R AN e R TE . A A1 aEdatrgg ocar bor

stream nay erature 0O 12] The
processing equi pnent in contact with the refined hydrocarbon stream may be
any typePdfCREgiSHEA hat can be used for processing the refined

hydr ocarbon stream such as pipelines and hol di ng tanks. Processing

equi pnent sub'Lect to corrosion is generally processing equi pment nade of

car bon sPESAILBRDBRRHRIRIONOY ghle BYXENG Hadui prent may be prot ect ed.
[0013:] The corrosion inhibitor includes an organic soluble conmpound having
a ni t r oggwogbhbasinguler fioimy.a,T haroned €Hed dioelst plukehefoorts osliepnthi nbitbitt or i s
m scible in the refined hydrocarbon stream

clearly dictates otherwise. The endpoints of all ranges reciting the same characteristic are

independently combinable and inclusive of the recited endpoint. Al references are

incorporated herewn by reference.

[CO08] The modifier “about™ used in connection with a quantity s inclusive of the stated

value and has the meaning dictated by the context {e.g., includes the tolerance ranges

associated with measurement of the particular quantity).

[0009] “Optional” or “optionally”™ means that the subsequently described event or

circumstance may or may 1ot occur, of that the subsequently identified material may or

may not be present, and that the description includes instances where the event or

A



PO14] in one enbodi ment, the nitrogen-containing ring ma .v be a
-five-nmenbered ring or a six-nenbered ring. In one enbodinent., the

ni t rogen-worhuios9sg ri ng may be an i m dazol i ne derivati PeT/usaoianeisher
enbodi nent, the corrosion inhibitor may be a fatty acid i m dazoline, in one
enbodi ment, the fatty acid imdazoline has the ibllow ng structure: R
wherein IR and R are each, separately a C6 to c36 al kyl, al kylene or
aromatic 9roup | n anot her - enbodrqe R ang are each separately, a
C8 to CTAMNAnce PRyT einehep “&r‘B‘ﬁ‘ﬁ’t’? area%rp 4 BAHAREPPREUFYREATT R and
R ' are each, separately, a Ce.; to C? alkyl, alkylene or aronatrc group
I'n anot hercugMtassedoes ot Omra@dﬂwrmaﬁreaiemﬁ preseplarately, a 06 to ("i

al kyl, al kyl ene or aromatic group having branched al kyl groups In one
embodi mefi, O Ry daebositreattyd methap tdrykdugdad 1o 'amoahydf hvldropeh yhilfide | i nol enyl
in one enbodi ment, R may be stearyl, napthyl, painyl, oiy, linolyl or

l'i nol enybmc[n@@alz‘ék inBd Qﬁ&ﬁr@m@dkt%m andtijé@mfil@cl ¥ aauh d}ifﬂeﬂa@l@{ e conpound
includes, but is not Iinmted to, stearic acid imdazoli Tie, naphthenic

acid im 91%%&] rlgeﬁzq dig»?r zMJontrédﬁn@%eqLhr%rpﬁ»z(ﬁ)& ﬁ?ﬂn gljegrln xa@rﬂn@tl egldf?&éf? 4t ne,

i nol ei ¢c" aci I he or finolonie acr azol i In one

enbodi nmen thefatt plr tarna xtur of two or nore
Fatcy achiine f tadrovialByipisihae? me%ﬂwfc%h%hém&wor RV " aci d

i mdazolines may be prepared by the condensation reaction of at. |east one
fatty acmﬁiﬁﬁwhdﬁBﬁﬂyﬁeﬁﬁﬁpﬁﬁﬂiep“ﬂﬁwﬁﬁéﬂeﬁﬁpdﬁﬁ%hﬁd”ﬁhg\ﬁaﬂﬁ@ﬂ%crds may
have a C6 to C36 chain length. In another enbodinent, the fatty acids may
have a Ozfined Bpdrocarhai rr‘rﬂaenigtcmﬂammvia?imdtehep'teeln&pdicmmg equhyendndtwlieraoi ds may
have a Cl6 to Cs chain length In one enbodi nent, the fatty acids may

include fnad usrabsi@cihiitdencivdes i @gntiakblublelc®mpolied Bavaved dnitskearit. -: acid,
palmtic acid, lindleic acid, linolenic acid or naphthenic acid or may

i ncl ude &*m%ﬁe@hgally prepared fatty acids The synthetically prepared fatty
acids may incltde acids with an even nunber of carbon atoms or an odd

number ol a] PRI SR b OT IBOLIR D AR P ARIERRRLLONEPELLON TRy be

at a rea re o n ano Inment, the

reaction te ratyre nmay.bhe from about 200 ta ak ut  400T. 90181 I n
anot her &Y r%%er%*rmere*ﬁ?& r @rg% °8§’h’k15¥“'ﬁi‘>n‘ N r‘??'r‘i‘tjg gﬁé‘ N R p@wnm di ne
derivative. In another enbodinent, the COITOSI 011 inhibitor may be a fatty

aci d pyringivdenéut ismorhsttaéro. sppolineahtha, (e sluart Siesed fusl gyelion isdived has t he
following structure: Rb wherein Ra and Ith are each, separately, a
C6 to C3@maﬁky&¢ma@kyhemanmnnanmaaﬁmon@wuwmmnnmm,ﬁmot%mmr@ﬂbﬂﬂﬁmant R and Rb
are each separately, a Cs to C22 al kyl, al kyl ene

stream may be at an elevated temperature. In another embodiment, the refined

hydrocarbon stream may be at a temperature of from about ambient to about 1530°C. In

another embodiment, the refined hydrocarbon stream may be at a temperature of from

about 40°C to about 100°C.

[0012] The processing equipment in contact with the refined hydrocarbon stream may be

any type of equipment that can be used for processing the refined hydrocarbon stream,

such as pipelines and holding tanks. Processing equipment subject to corrosion is

generally processing equipment made of carbon steel, but any type of processing

equipment may be protected.

Lo



or aromatic group. In another enbodinent, R " and 1174, are each,
separately, a Cl6 to C18 al kyl, al kylene or amalatic group. In one
enbodi mrenwQ 2RI1/86935RI, are each separately, a Ce; to CRpcalusgéip/oaiskyl ene or
aromati c group having branched al kyl groups. In one enbodi nent, R, nay be
stearyl, napthyl, palnyl, olyl, linolyl or linolenyl. In one enbodi nent, Rh
may be stearyl, Tlapthyl, palnyl, olyl, linolyl or linolenyl. [0019] In one
enbodi ment, .the fatty acjd. pyrim.dine conpound includes, but is not limted
to, stea QOE%H“HC‘HV%‘?%‘8G“gé?-‘y’ﬁa‘ﬁﬁ%%‘rﬁ“ﬁma ’ F@“B‘WFWE\&"H@}W;SE& g s d
pyrimdine, oleic acid pyrimdine" linoleic acid pyrimdine or :Underlic
aci d pyr feitainwe 1ing0d2ofe nbahwesnbedionene) itdras myscids o thy réfivedi ne may
contain a mxture of two or nore fatty acid pyrimdine compounds, 0021] In
one enboblydresrhoif atehys. aci d pyrim di nes may be prepared by the condensation
reaction of at |least one fatty acid with a fatty acid-derived I, 3-propane

di am ne ?@@4P_§1&%ﬂﬁﬁ1ﬁﬁ§dﬂﬁ@ﬂ,@ﬁe nltfreBReoREROM MRNhay S fhvaltomiagéden®y have a
C6 to C36 chain length. In anothér enbodi nent, the fatty acids may have a

Cs to C chain.lel o | [ anot.hers: el b BBRLeen LRS fdtd Yo AL I8, JRY have a Ck,
to Cts C%Q?ﬁﬂ?téﬁgﬁa%nnlo(%{epégﬂﬁgaﬁ%ﬁg L gﬁﬂ)té‘t? 5{?1?19&3% %(Ins’a}?lrﬁ\'yB% g!lgl ude natural
acids derived.framtall oils, oleic acid,, stearic .aci almtic acid,
ol e cdrpting Aoy B Phakin e S R Phly PR P bt
synthetically prepared fatty acids. The synthetically prepared fatty acids
may i ncl #deBEREdING dhosherabimaiinder Al a¢drBisAzAnS Hgs g»e fahovsdd nunber of
carbon atons. In one enbodi nent, the condensation reaction nay be at a
react i onsitighper ature of up to about 400"F. in another enbodi nment, the
reaction tenperature may be from about 200F to about 400F. 0022] The
corrosion inhibitor may be added toN i ned hydrocarbon streamin
contact with the processing equi pne L to prptect the processing equi pnent.
In one enbodinment, the corrosion inhibitorjis added to the refined

hydr ocar bon stream which then contac e processi ng equi pment I n anot her
enbodi nent, the corrosion inhibitr is %dded to the refined hydrocarbon
streamwhile it is in contact wwth the processing equi pnent. 0023] The
corrosion inhibitor is added to the refRhed hydrocarbon streamin any
conventional manner. In one enbodi nent, the corrosion inhibitor may be

i nj ected i nt owhBeivRhdBRAakyctincapdhanlys k CganT;d dkonekdeiodi arenbtic t he
corrosion inhibitor may be injected into the refined hydrocarbon stream by
a convengsog?.atn At R&LAIRRGE IFOM BN S8 Bh@) doyfiBieibe:s URIACE A0 RtalBMLePOI Nt
in-line Suitable to allow the corrosion inhibitor to mx with the refined

hydrocar Bon. §bf Ea, TREEd: ApARn AR IOL PR - JRYBE \ﬂ%?fﬁg\t Pcthg defined
Pn'a nner. or “can- bé added

hydr ocar bon stream cont i nuous nH n'‘one'dr nore

bat ch nodes and, repeat ed .additigns npy b de. .0024] In another

orbodi e SEIERE P BLTGHC CiPbIE SrORE SHBEDEl R ARG M SEhoREgEly,
hydrocarbon stream as the refined hydroc.arbon streamis flow ng through a
pi pel i ne? Fntvhe adnbotiHem O apBaikoPeR hoving hRpshaderkhy! ¢roumpebt @ i nto t he
refined hydrocarbon streamas it enters a pipeline. In another enbodinent,
t he corragsbahimemhRbhaobe ftearinpapbyledalingt, @lylehiddriyndlooghribenest ream in a
hol di ng tank. In another enbodi ment, the corrosion inhibitor is injected

i nto theetigddinesk, Ry diaGarkan stdpeam msniit ognt@bst ar hahiding tank. 0025] The
corrosion inhibitor disperses into the refined hydrocarbon stream and
event ual {01 SO Al B A6 83N LM EPBAL 3000 HBRRS [ 1fesOMLGs e _
processi hg equi pnent, formng a protective coating or film The corrosion

I nhi bi tofiml' Y ";b%e%gde‘% imrlli an inaenxll)qu}]th Suu“iat“f'ic{jxlmet 1'];:eoiiné A n-ting A qPr otective
coating OFFT Fin6R s Ae prgééSS|n§qeq§f6n§n MRSHES dRE0EN ARt , the
corrosion .inhibitor, may be added to the, refined hydrocarbon stream in an
amount  of RIS ﬁFa?dﬁ@ﬁﬁﬁ@“VbFﬁﬁ%“%ﬁ“éBBﬁF”gB@Ob%W§HV“Wﬁﬂune, based on
the volune of the refined hydrocarbon stream In another enbodinent, the
cor r osi omigpasilibet or may be added to the refined hydrocarbon streamin an
anount of from about 5 ppm by volune to about 100 ppm by vol unme, based on
the vol une of the refined hydrocarbon stream In another enbodi nent, the
corrosion inhibitor is added to the refined hydrocarbon streamin an anpunt
of from about 10 ppm by volunme to about .100 ppm by vol une, based on the
vol une of the refined hydrocarbon stream In another enbodinment, the
corrosion inhibitor is added to the réfined hydr ocarbon streamin an anount
of from about 20 ppm by volune to about 100 ppm by vol une, based on the
vol une of the refined hydrocarbon stream The corrosion inhibitor my be
added in a single batch or may be added in continuing dosages to the
refined hydrocarbon stream [0026] The corrosion inhibitor will begin to

e o S . " o A



protective coating onto the processing equi pnent fromabout 5 mnutes to
about tQo hours of adding the corrosion inhibitor to the refined

hydr ocar bwo 28twie9ssi n contact with the processing equi premtus2010/0a030t her
enbodi nent, a protective filmor coating is fornmed onto the processing

equi pnent from about 15 m nutes to about 75 hours of adding the corrosion
inhibitor to the refined hydrocarbon streamin contact with the processing
equi pnent. Ln anot her enbodinment, a protective filmor coating is forned
onto t hel%f BEB’s%‘le ﬁb”é}m‘%Hﬂhg%f“&fo‘?ﬁ‘b‘ﬁéigﬁmgéﬁ 3N GPRIS T DB ! g‘@“ Rburs of
adding the corrosion inhibitor to the refined hydrocarbon streamin contact
wi th t hempreol@ds stidgmediadipreermtoandnot her ermbodi ment, a protective filmor
coating is forned onto the processing equi pnent from about 1 hour to about
50 hour s{toft 7 pbidirgntthdican fagy aadiimidabolires ntag Heheejheally ticlcohdensantact with
t he processing equi pnment I n another enbodinent, a protective filmor
coating iegc@ ¢RI QM @G, RGPS AW RIRN Infdhe Mndbetenl AhdauEs to
about 40 hours of adding the corrosion inhibitor to the refined hydrocarbon

stream | &i&sosﬂ%x;glﬁéti\se"g Ehotde PLAGESS Y aﬁ%%@%ﬁl?z}ia%sgk:& AL DLl &MRgdi ment, the

corrosion in or provi'des a protective t® the “processi ng

equi prent from ahout, 12 hours to about, 36 hours .of adding the corrosion
bt bi copres T CarriBl R BEe i 2 B B R B b censi ng
equi pnrent.. 0027] G yoxal is added tq the refined hydrocarbon streamin
contact Wwistdhaiengih roi/‘b@%*’éﬁ"‘%ﬂ%@‘ésﬁhﬁéﬂt%’t:fﬂtﬂ%ﬁ’éﬁt1nt~“@d? Befute apiRe dePdogen
sulfide Gyoxal is a water-soluble al dehyde and may i ncl ude ol i goners of

gl yoxal . fr@nytelk alls, iobeic onvet inalaby, palaiiablié laslar &0d Meiolhtc gset eent  aqueous
solution 00251 The gl yoxal may be added to the refined hydrocarbon stream
in any cadphenilcarad ormaneciude spnBeteaiiodioyart fathai@. yoxahnimeycdie i nj ect ed
into the refined hydrocarbon stream by a conventional in-line injection
syst em apd,mRY i deliseehSHclic 80Ys RAhBH ol &t hlSr SULABBA BwhR Rhh Ut he
glyoxal to mx wi'th the refined hydrocarbon stream The glyoxal may be
added to_the ref] r I -reamsn. a.cont| s _nmanner..or can be
added 1 5B S S R R RGeS B4R TR T LK™ 0020,
The glyoxal .is added to_.the refin%g hﬁd[ocapbon ﬁirean}in‘gqé anount

suf fi ci efffCH FREERETE ABU RABPE! B hy dt BT STPPHERET-iDE IFECYSY i ned
hydrocarbon stream In one enbodi ment, glyoxal may be added in an anmount of
f r om abo@PErRFEMRY ISt 3000 2P ByEbewuiiY F based on the vol une of the
refined hydrocarbon streamin anot her enbodi nent, glyoxal may be added in
an anounft0o8] frr ontlab owbodithcpp mhdoyi tregdnuom tdimug bogtn @080 ppmuildevol unme, based
on the volunme of the refined hydrocarbon stream in another enbodi nent,

gl yoxal g@&y-abee agded:itien edBodMRuNthedorforiom @bpis: 1B Wty vl ume to about
1500 ppm by vol une, based on the weight of the refined hydrocarbon stream

I n anot her eANATE AL o8l éﬁgﬁéﬁili mOBYthREat ﬁ&j pi-‘);ﬂnﬁi% ARYEY tofbwifom about 100

ppm by vol ume to about 1200 ppm by vol ased on the volurme of the
refilled_hydrocarbon stream 00301 Any anount of hydrogen sulfide in the
refined HQ&LHEarbon stream may be reduced and the actual ampunt of residual
hydrogen sulfide will vary depending on the starting anount. In one

enbodi nent, the hydrogen sulfide |lev a reduced to 150 ppm by vol unme or
| ess, as neasured in the vapor phase,} based jon the volune of the refined
hydr ocarbon stream I n anot her enbodi nent, the hydrogen sulfide |evels are
reduced to WO ppm by vol une or | ess S neasured in the vapor phase, based
on the volume of the refilled hyglpdcarbog~stream in another enbodiment,

t he hydrogen sulfide |levels are reduced to 50 ppm by volune or |oss, as
nmeasured in the vapor phase, based on tgé vol une of the refined hydrocarbon
stream In another enbodi Mern, the hydrbgen sulfide | evels are reduced to
20 ppm by volunme or |less, as neasured in the vapor phase, based on the

vol ume of t hewhekimiddadyRiraoe axdbosepstataam Cs to Cae 2008 lkyBinriongrankicpr oduct i on
of glyoxal, acidic byproducts are .forned and the glyo, xal can have a pH in
the ranggroah. biithe? eidodibaut, FB.andiRgse: dyhregualed, adn b€ alghl ykeene osi ve.
Wax& is water-based and after an initial dispersion throughout the refined
hydr ocarbon stream w1l eventually settle out of the heavy oil in an
aqueous phase. This aqueous phase will be very acidic and can corrode
processi ng equi pnent The coating or filmfornmed by the corrosion inhibitor
on the processing equi pnent protects the processi ng equi pnent and reduces
or elimnates the corrosion fromthe acidi c agueous phase, [0032] The
corrosion inhibitor may continue to be added as the glyoxal is added to the
refi ned hydrocarbon streamin contact with the protected processing

equi pnent. The corrosion inhibitor wll continue to deposit on the

o oy o, . o



WO 2011/ 016935PCT/ US2010/ 040871 R RRR3R4N . X-1 wherein R, R7, R3 and R4
are each i ndependently an al kyl group having froml| to 30 carbon atons, an
aryl grouwwohauimegssrom 6 to 30 carbon atons or an aryl alPkylusgeioomshavi ng
from7 to 30 carbon atons; and X is a halide, sulfate, nitrate or

carboxyl ate The al kyl groups and the aryl groups may be substituted or
unsubsti t ut ed. [0034] | n one enbodi nent, Rl is an al kyl group having from1l
to 24 carbon atons. one enbodi nment n al kyl haying froml to 24

car bon aP'GHEMBHEEHY! ﬂb‘i“ml!ﬂf‘ @Pﬁ*@ﬁﬁfﬂ% dﬁmd@dﬁ%%%kf St 010 G

aryl al kyl group having from7 to 24 carbon atons, 0035] In one enbodi nent,
R3 and Rakgk elkgioh or pedepe st 1y anaﬁﬂbtptkyﬂentgil@aw Rawiervgcl. separatelvoa 24
carbon atons I n another enbodinent, :R3 and R4 are each, independently, an
al kyl gr@um Gavilyg aﬂkgd)emelurtamrmmagrbmﬂhzaﬁmgmran@f&ﬁ @] kyT gmu@ls.kw omgr oup

i ncludes, but is not limted to, methyl, ethyl, propyl, isopropyl, butyl,

i sobutyl em@&ﬁﬁﬁélw Rh@xylbe &@&yln@{}wdqﬁﬁﬁw oi»Irh‘i%uRE ¥ 1EEOMR. IRnde phenyi .
The aryl al kyl group i hcl ude nay be benzyl. The halide nay be chloride,

d
bromi de Qrﬁbémgﬁil gte R;I,_Qﬁn %ldl Flgﬁl\fj?ﬁ?gﬁnbegit{'yllmﬁw Elﬁ%\ﬁ%}é}%ﬁe nitrate may be a

bi sul fate nltrate car acet at'e I n one

o beneylCEL S Ey ﬂtggg;zreg#; %ﬁv'é%lﬂ'gn% Rt TRk ST B T anot her

enbodi ment, the quaternary ammonium salt .includes, but is not linmted to
di cocoal Wfted &1 steaic 3eig PH%‘E"HW‘&WHF% Bfl aﬁl%mwm@nmbw&ﬂ@ﬂwmamn. um
chl oride, di(hydrogenated tallow alkyl) di MC th yl quaternary ammoni um
met hyl cﬁleiwrficm;yrmitihytl limdec @Rdpydrosype thiholewe ealdipyringdigg2- (1 g )

qguat ernary ammoni um choride, dinethyl (2- ethyl) tall ow amoni um net hyl

sul f at e, [oez0pHea dagnditheithi fydvartomidondofl et deraina miggtad! eyl b e
nzyldi meth y I amnoniumchi ori de, n-dod ecyltri m ethylamoni um

sul f at e, nsQYBakk }Alpt\g,h%m%@,mg um chl oride or hydrogenated tall OW al kyl
(2-ethylliyexyl) direthyl qua%er nary ammoni um net hyl sul fate, [0038] In one

enbodi rreg)g}”l]t ﬂl m{ia\tnﬁjm\(i%h{ sfaﬁ{ guﬁﬁ%t\ n[m%ﬂ&ar%“{»hgmi}&\ t!%s. %1? L}ndg‘r?sﬁggrl; cent by

wei ght b e cat al yst
i's present fr%] out 1to ab ut|10 erc gélggﬁht bsed on { he weight
of cll yoEPéf“‘"’“ 0% ‘“‘Tﬁ‘é Tkt ot ’si*t‘“ﬁ‘éf}‘ tphacis d gy b e ‘élmrnéfi?ﬁéa“ P3fdr ocar bon
stream si mul taneously with the glyoxal or may be added separately fromthe
gl yoxal . Parpfosnaldebiseditirent smborbment Bieyaty paddpmanhevededs W ¢h chtia [gigfoxal
bef ore being added to the refined hydrocarbon stream 00401 In order that
t hose skid drether ambhdinant, thi fatty beidbety drvabletd O.:phaictigeh.t heanptlesent
di scl osure, the follow ng exanples are given by way of illustration and not
by way ofmbbdiinkat tRTaitEXANPkEPhave a Cy4 to Cig chain length. In one embodiment, the

fatty acids may include natural acids derived from tall oils, oleic acid, stearic acid,

palmitic acid, linoleic acid, Hnolenic acid or naphthenic acid or may include svnthetically

prepared fatty acids. The synthetically prepared fatty acids may include acids with an

even number of carbon atoms or an odd number of carbon atoms. In one embodiment,

the condensation reaction may be at a reaction temperature of up to about 400°F. In

ancther embodiment, the reaction temperature may be from about 200°F to about 400°F,

[0022] The corrosion inhibitor may be added to the refined hydrocarbon stream

contact with the processing equipment to protect the processing equipment. In one

O



EXAMPLE | [0041] Gyoxal .is an aqueous-based conpound having a. pH from
about 2 to about 3. Wen dispersed in refined hydrocarbon streans, it wll
event ual lwozetttdiesssut of the refined hydrocarbon streanpcirniseoian4@ei di c
aqueous phase and settle to the bottom of processing equi pnent causincl,
corrosion. To test the efficiacy of the corrosion .inhibitor for reducincl,
corrosion, the corrosion test was sinulated in water, 0042] Two netal

coupons of rbon C1010 steel. were h dded to two spi

mount ed SRPGHBERY H ew@f@ﬁaﬁﬁﬁwﬁﬁa# %ﬁ%@dﬁwe‘l% fefc@} VEREATO PRSI R o ﬂeéupons
were 180 from each other. The stirring shaft was placed into water and
stirred denchacts SiEdrotassng epapmatinde eneilersndwdinent; hakpwosion Mhbitor
:revolutions per mnute were used to cal culate the approximate flow through
a pi pel i neddadtoahersowhydmocarbbt erchm whiton fosi contacniithitegnomagnadded to the
wat er at roomterrperature in the amounts shown in Table 1. 15 m nutes

| at er, Abntwas injected into the water in the anounts shown in Table'
The Auto ave was sealed and the water was heated to about 180'F to

Si rml at ehbﬁ?} R@P&{& Jlllriﬁln% t?iam ,-,M@ft{%lthe I%Lln&?% g‘{! {%Ni E‘l Rhgam during

pl’OCESSI ours, coupons ESTE fOI’ ctorrosion by
measur i ng an

ht | oss of the.neta cou ons aver Qe et al
coupons. i%%l Sty BRPBr B GER, e RHES OB O A g Bieted el
the refined hydrocarbon stream. In one embodiment, the corrosion inhibitor may be
injected into the refined hydrocarbon stream by a conventional in-line injection system
and may be injected af any point in-line suitable to allow the corrosion inhibitor to mix
with the refined hydrocarbon stream. The corrosion inhibitor may be added to the refined
hydrocarbon stream in a continuous manner ot can be added in one or more batch modes
and repeated additions may be made.
[0024] In another embodiment, the corrosion inhibitor is injected into the refined
hydrocarbon stream as the retined hydrocarbon stream 1s flowing through a pipeline. In
one embodiment, the corrosion inhibitor is injected into the refined hvdrocarbon stream
as it enters a pipeline. In another embodiment, the corrosion inhibitor is injected into
refined hydrocarbon stream in @ holding tank. In another embodiment, the corrosion
inhibitor is injected into the refined hydrocarbon stream as it enters g holding tank.
[0025] The corrosion inhibitor disperses into the refined hydrocarbon stream and
eventually contacts the processing equipment and deposit onto the processing equipment,
forming a protective coating or film. The corrosion inhibitor may be added in any
amount suitable for forming a protective coating or film on the processing equipment. In

one embodiment, the corrosion mhibitor may be added to the refined hydrocarbon stream



(ppm by vol une) vol une) Inhibitor (100 ppmby Flow (ftimn) Loss (g)
Rate (MPY) None None 450 0,0033 43,1
WO 2011/016935 PCT/US2010/040871

in an amount of from about 2 ppro by volume to about 200 ppm by volume, based on the
volume of the refined hydrocarbon stream. In another embodiment, the corrosion
inhibitor may be added to the refined hydrocarbon stream in gn amount of from about 5
ppm by volume to about 100 ppm by volume, based on the volume of the refined
hydrocarbon stream. In another embodiment, the corrosion inhibitor is added to the
refined hydrocarbon stream in an amount of from about 10 ppm by volume to about 100
ppm by volume, based on the volume of the refined hydrocarbon stream. In another
embodiment, the corrosion mhibitor 15 added {o the refined hydrocarhon stream in an
amount of from about 20 ppm by volume to about 100 ppm by volume, based on the
volume of the refined hydrocarbon streams. The corrosion inhibitor may be added in a
single batch or may be added in continuing dosages to the refined hydrocarbon stream.
(00261 The corrosion nlubitor will begin to deposit evenly on the processing equipment
as it contacts the equipment. A protective coating will form on the processing equipment
as the refined hydrocarbon stream containing the corrosion inhibitor continues to contact
the processing equipment. The amount of time suitable for forming a protective coating
will depend on many factors, such as the amount of corrosion whibitor i the refined
hydrocarbon stream, the temperature of the refined hydrocarbon stream, the amount of
time that the refined hydrocarbon stream s in contact with the processing equipment and
the speed at which the refined hydrocarbon stream may be traveling as it contacts the
processing equipment. In one embodiment, the corrosion inhibitor will provide a
protective coating or film onto the processing equipment after at least about 5 minutes of
adding the corrosion inhibitor to the refined hydrocarbon stream in contact with the

processing equipment. In another embodiment, the corrosion inhibitor provides a



500 .7):K15" 450 4 0.0083 1 0 7 500 5K1642-450 4 0,0001<0.5 i dyoxal used
contains 2% by wei ght quaternary afffill Oniumcatalyst and is avail able
comer ci avbeoax1&®31750 from GE Water, ".5K15 is a wat er Pewiuskéie/oesrr osi on
i nhibitor available comercially as Philnplus 5K 15 from GE Wat er,

protective coating ooto the processing equipment from about 5 nunutes to about 100
hours of adding the corrosion inhibitor to the refined hydrocarbon stream 1 contact with
the processing equipment. In another embodiment, & protective film or coating is tormed
onto the processing equipment from about 15 minutes to about 75 hours of adding the
corrosion inhibitor to the refined hydrocarbon stream in contact with the processing
equipment, In another embodiment, a protective film or coating is formed onto the
processing equipient from about 30 minutes to about 60 hours of adding the corroston
inhibitor to the refined hydrocarbon stream in contact with the processing equapment. In
another embodiment, a protective film or coating is formed onto the processing
equipment from about 1 hour to about 50 hours of adding the corrosion inhibitor to the
heavy oil 1 contact with the processing equipment. In another embodiment, a protective
film or coating is formed onto the processing equipment from abowt 10 hours o about 40
hours of adding the corvosion inhibitor to the refined hydrocarbon stream in contact with
the processing equipment. In another embodiment, the corrosion inhibitor provides a
protective coating o the processing equipment from about 12 hours to about 36 hours of
adding the corrosion inhibitor to the refined hydrocarbon stream in contact with the
processing equipnient.

[00271 Glyoxal 1s added to the refined hydrocarbon streamt in contact with the protected
processing equipment to reduce the hydrogen sulfide. Glyoxal is a water-soluble
aldehyde and may include oligomers of glvoxal. Glyvoxal is commercially available as a
40 weight percent agueous solution.

[0028] The gtvoxal may be added to the refined hvdrocarbon stream in any conventional

manner. In one embodiment, the glvoxal may be injected into the refined hydrocarbon



3 51 K1642 s an organic-sol ubl e corrosion inhibitor available commercially
as Phil nplus 5K 1642 from GE Water and containing a 3:1 by weight blend of
ol ei ¢ aciwopyrivarssdsne and dinmerftrinmer acid 00431 The ecgarscaoseisabl e
corrosion inhibitor shows a marked decrease in corrosion conpared with the
bl ank sanple CE-1). A water-soluble corrosion inhibitor was tested (sanple
CE-2), but it actually increased the corrosion. EXAMPLE 2 WD
2011/ 016935P(§I}'{ US2010/. _048871 [00440 Additiopal corrosion es s, vyerF
per f or metTER By YSNVENEGIR B BACIBIECERT S ISTHAMDINRY P& UEFdEdRAEY PBRATEERY i n
water in accordance with Exanple 1, Results are shown in Table Fable 2
Sanpl e Guekislth alipy gty ol gamsiyx with the refined hydrocarbon stream. The glyoxal

may be added to the refined hydrocarbon stream in a continuous manner or can be added

in one or more batch modes and repeated additions may be made.

[0029] The glyoxal is added to the refined hydrocarbon stream 1n any amount sufficient

to reduce the levels of hvdrogen sulfide in the refined hydrocarbon stream. 1n one

embodiment, glvoxal may be added in an amount of from about 1 ppm to about 3000

ppm by volume, based oo the volume of the refined hvdrocarbon stream. In another

embodiment, glvoxal may be added tn an amount of from about 10 ppm by volume to

about 2000 ppm by volume, based on the volume of the refined hydrocarbon stream. In

another embodiment, glvoxal may be added in an amount of from about 50 ppm by

volume to about 1500 ppm by volume, based on the welght of the refined hydrocarbon

stream. I another embodiment, glvoxal may be added in an amount of from about 100

ppm by volume to about 1200 ppm by volume, based on the volume of the refined

hydrocarbon stream.

[G030] Any amount of hydrogen sulfide in the refined hydrocarbon stream may be

reduced and the actual amount of residual hydrogen sulfide will vary depending on the

starting amount. In one embodiment, the hydrogen sultide levels are reduced to 130 ppm

by volume or less, as measured in the vapor phase, based on the volume of the refined

hvdrocarbon stream. In another embodiment, the hvdrogen sulfide levels are reduced to

100 ppm by volume or less, as measured in the vapor phase, based on the volume of the

refined hydrocarbon stream. In another embodiment, the hydrogen sulfide levels are

reduced to 50 ppm by volume or less, as measured in the vapor phase, based on the

10



Corrosion Inhibitor volunme) Corrosion Inhibitor (ppm by Corrosion Rate
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volume of the refined hydrocarbon stream. In another embodument, the hydrogen sulfide
levels are reduced to 20 ppm by volume or less, as measured in the vapor phase, based on
the volume of the refined hydrocarbon stream.

[0031] During the production of glvoxal, actdic byproducts are formed and the glyoxal
can have a pH in the range of aboul 2 1o about 3. These byproducts can be highly
corrosive. Glyoxal 1s water-based and after an 1nitial dispersion throughout the refined
hydrocarbon stream, will eventually settie out of the heavy oil in an agueous phase. This
aqueous phase will be very acidic and can corrode processing equipment. The coating or
film formed by the corrosion inhibitor on the processing equipment protects the
processing equipment and reduces or elimiinates the corrosion from the acidic aqueous
phase.

(00321 The corrosion mlubitor may continue to be added as the glyoxal 1s added to the
refined bydrocarbon stream in contact with the protected processing equipment. The
corrosion inhibitor will continue to deposit on the processing equipment ad maintain the
protection on the processing equipment. The additional corrosion inhibitor may be added
in amounts of from about | ppm by volume to about 20 ppm by volume, based on the
volume of the refined hydrocarbon stream. In another embodiment, the corrosion
inhibitor may be added in an amount of from about § ppm by volume to about 10 ppm by
volume, based on the volume of the refined hydrocarbon stream.

[0033] In one embodiment, a catalyst may be added to enhance the removal of the
hydrogen sulfide. In one embodiment, the catalyst is a quaternary ammonium salt. The
catalvst may be any suitable quaternary ammonium salt. In one embodiment, the catalyst

has formuda I

i1



500 None Oeic acid Pyrmdine and Diner/Trinmer Acid (3:1 wt rat ol

.-=-,---:1- Dtner/Trimer acid Jeic acid I mdazolined4 None 100 - 25
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RiR:R:RN X i

wherein Ry, Rz, Ry and Ry are each mdependently an alkyl group having from 1 to 30
carbon atoms, an aryl group having from € to 30 carbon atoms or an avyiatkyl group
having from 7 o 30 carbon atoms; and X 15 a halide, sulfate, nitrate or carboxylate. The
alkyl groups and the aryl groups may be substituted or unsubstituted.

[0034] In one embodiment, Ry 1s an alkyl group baving from 1 to 24 carbon atoms. In
one embodiment, Rz is an alkyl having from 1 to 24 carbon atoms, an aryl group having
from 6 to 24 carbon atoms or an arvlalkyl group having from 7 to 24 carbon atoms,
[0035] In one embodiment, Ry ard Ry are each, independently, an alkyl group having
from 1 to 24 catbon atoms. In another embodiment, Ry and Ry are each, independently,
an alkyl group having from 1 to 4 carbon atoms.

[0036] The alkyl group includes, but is not himited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl, hexyl, decyl or dodecyl. The aryl group may be phenyl. The
arvlalkyl group include may be benzyl. The halide may be chloride, bromide or iodide.
The sulfate may be a methyl sulfate. The mitrate mav be a bisulfate nitrate. The
carboxylate may be acetate.

[0037] In one embodiment, the quaternary ammonium salt is alkyl benzyt ammonium
chloride or benzyl cocoalkyl {(\2-Cyg) dimethylammonium chionide. In another
embodiment, the quaternary ammonium salt includes, but is not limited to dicocoatkyl
{C2-Cig) dimethylammonium chloride, ditallowdimethylammoniom chloride,
dithydrogenated tallow alkyl) dimethyl quaternary ammonium methyt chloride, methyl
bis (2-hydroxvethyl cocoalkyl {Ci2-Cie) quaternary ammonium choride, dimethyi(2-

ethyl} tallow ammonium methyi sulfate, n-dodecylbenzyldimethylammonium chioride, n-

1-1C



ey e 91.7 39.2 - 51.8 17 3 .-, ..) 500 Aeic acid Imdazoline and
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octadecyibenzyidumethyl ammonium chlonde, n~dodecylttimethylammonium sultfate,
sova alkyltrunethylammonium chlonde or hydrogenated taliow alky! {(2-ethylhyexyl)
dimethyl quaternary ammontum methylsutfate.

[0038] In one embodiment, the catalyst 1s present from about 0.01 to about 15 percent by
welght based on the weight of glvoxal. In another embodiment, the catalyst is present
from about 1 to about 10 percent by weight based on the weight of glvoxal.

[0039] The catalyst may be added to the refined hydrocarbon stream simultancously with
the glyoxal or may be added separately from the glyoxal. In one embodiment, the
catalyst is preblended with the glyoxal before being added to the refined hydrocarbon
stream.

[0040] In order that those skilled in the art will be better able to practice the present
disclosure, the following examples are given by way of illustration and not by way of

limitation.

EXAMPLES

EXAMPLE 1
[0041] Glyoxal is an aqueous-based compound having a pH from about 2 to about 3.
When dispersed in refined hydrocarbon streams, it will eventually settle out of the refined
hydrocarbon streams into an acidic aqueous phase and settle to the bottom of processing
equipment causing corrosion, To test the effictacy of the corrosion inhibitor for reducing
corroston, the corrosion test was simulated m water,
[0042] Two metal coupons of Carbon C1010 steel were weighed and added to two
spindles mounted on a stiring shaft in an 800 ml Auto-Clave. The metal coupons were

180° from each other. The stirving shaft was placed into water and stirred at the



213 4 500 A eic acid I mdazoline and Fl ydroxyacetic acid (311. w ratio)
100 14,0 4; 500 -,( Aeic acid Pvrimdine 100100 |Id yoxal used contains 2%
by wei ghtwqQuatigrieesy anmoni um cat al yst and i s avai | abl e pcorusesioioaisiry as
5-1750 from GE Water.

revolutions per minute as shown in Table 1. The revolutions per minute were used to
calculate the approximate flow through a pipeline and are shown w Table 1. A corrosion
ichibitor was added to the water at room temperature 1n the amounts shown in Table 1.
1S minutes later, glvoxal was injected into the water i the amounts shown in Table 1,
The Auto-Clave was sealed and the vater was heated to about 180°F to simulate the
temperature of a typical refined hydrocarbon stream during processing. After 4 hours,
the metal conpons were tested for corrosion by measuring any weight loss of the metal

coupons and averaging the metal coupons.

Table 1

Sample | Glyoxal' Corrosion RPM | Pipeline | Weight Corrosion
{ppm by Iohibitor Flow Loss {g) Rate (MPY)
volume} {100 ppm by {ft/min}

volunie)

CE-1 None None 450 4 0.0033 43.1

CE-2 300 SK15° 450 4 0.0083 1107

j 500 5K 16427 450 14 0.0001 <05

IGlyvoxal used contains 2% by weight quaternary ammonium catalyst and is available
commercially as $-1750 from GE Water.

*5K 15 is a water-soluble corrosion inhibitor available commercially as Phitmplus 5K 13
from GE Water, ‘
SK 1642 is an organic-soluble corrosion inhibitor available commercially as Philmplus
SK 1642 from GE Water and containing a 3:1 by weight blend of oleic acid pyrimudine
and dimerfirimer acid.

[0043] The organic soluble corrosion inhibitor shows a marked decrease in corrosion
compared with the blank {sample CE-1}. A water-soluble corrosion inhibitor was tested

{sample CE-2), but 1t actually increased the corrosion,

EXAMPLE 2
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2. Available commercially as Philnplus 5K 1642 from GE Water. 'Avail able
comercially as Sylvady m T-18 from Syl vachem Corp. 4Avail able commercially
as Cl -11Gvbnomod3%at er. 5Avai |l abl e commerci al |y as 5K28cCfrnusno1@a4084t er .
"Avai l able commercially as SK7 from GE Water. [00451 The organi c sol uble
corrosion inhibitors in Sanples 1-5 show i nproved corrosion resistance in
conparison with the blank (sanple CE-3' and in conparison with an organic
sol ubl e di | t.rimer aci EXAMPLE 0046] .Corrqsion

experi mwggLﬁadWyaiﬂé@gﬁ“@urtrbr»déﬂée%@ﬁ i Qe t"g‘é’f%&"ﬁ‘%\“@‘m W6Fe of of
gas and water in an 800 ml Auto-C ave. The gas oil was initially spiked
with an aappeexonditceedon Svair paewidaiconigfiamphs! i Rewdig swaiowbét drblebei ng
mxed with the water. Two netal coupons of Carbon C1010 steel were wei ghed
and adde?d to two spindles nmounted on a stirring shaft. The netal coupons
were 180 from each other. The stirring shaft was placed into the gas oi

and water m xture and stirred at 300 rpm The m xture of oil gas and water
was 200 mpieh gas oil and 400 m of water. The 2:1 volune ratio of water to
gas oil ensured that the coupons were always i mersed in water 300 rpmto

test theSa:& ﬁi%osdyR’%\éi“ L ANRRIHE L REASE A CIT ORI AN Tnnip hé?ism‘!‘ﬁ& dded to

the gas| o room tenperature ir . unts lie 3 15
m nut es Iater Eg(%)?al was injected into th I}]} gﬁ&m) i\tuwg in the anount s

shown in Tabl e ¥Re |Aut o- O ave was seal e(ﬁp_ the gas oi | and water
mxturem%@mhe@twem ; ' volumg) , '

t enper atbEe’ . |Aer 4 (RWWEs, the netalls. wey@et ested. f ~$§-?orroqi an._hy
measuring any MWEIOght | d¥sicetidihempiitabndcoypdis, averagi Y2t he metal coupons
and cal cul ating the millsnpelrigeartc{dN3PWyt {[ 00471 Hydrogen sul fide testing
was performed using theatwti fi ed ASTM 5705-95 test that neasures vapor

phase 11¢5.4 wo qyeur s affhigfertitigatgEat (140F)psw th Dragerstgbes Final i1 2S
concent [atTON @RS UT ENEHLS @l SROWI e Tablke 37 " Tabley gy 37
3 500 Qleic acid Inudazoline and | 24 233

Dimer/Trimer Aad (3.1
wt. Ratio)

4 500 Oleic acid Imidazoline and | 100 14.0
Hydroxyacetic actd (3:1 wt
ratio)’

5 500 Oleic acid Pyrimidine’ 100 10.0

'Glyoxal used contains 2% by weight quaternary ammonium catalyst and is available
commemal]v as $-1730 from GE W ater.

A\ ailable commercially as Phi mpius "SK 1642 from GE Water,

*Available commercially as Sylvadym®™ ¥ 718 from Svivachem Corp.
*Available commercially as CI-11C from GE Water.
}
i

3 e s .
“Available commercially as SK28 from GE Water.
“Available commercially as K7 from GE Water.

[0045] The organic soluble corrosion inhibitors in Samples 1-5 show improved corrosion
resistance in comparison with the blank (sample CE-3) and in comparison with an

organic soluble dimer/trimer acid {(sample CE-4).

EXAMPLE 3
[0046] Corrosion experiments and hydrogen sulfide scavenging were tested in a muixture

of oil gas and water in an 800 mi Auto-Clave. The gas oil was mitially spiked with an

135



Sanmpl e A vox..111 (ppiii by "oltiine) Corrosion |Inhibitor Corrosion
I nhi bitor (ppm by volune) Corrosion Rate (npy) Final H2S (ppm CE -5 1 500
500 None wbenti/Eaed Pyrm dine and Dine:Cl:rimer Acid (3PLTMS201a043Yt

approximate 0.5 wt. % solation of HaS in kerosene hefore being mixed with the water.
Two metal coupons of Carbon C1010 steel were weighed and added to two spindles
mounted on a stuming shaft. The metal coupons were 180° from each other. The stirning
shafl was placed into the gas oil and water mixture and stirred at 300 rpm. The mixture
of o1l gas and water was 200 mi of gas ol and 400 wl of water. The 2:1 volume ratio of
water to gas oil ensured that the coupons were always immersed in water @ 300 rpm to
test the corrosion in an aqueous phase. A corroston inhibitor was added to the gas ol
mixture at room temperature in the amounts shown o Table 3. 1S minutes later, glyoxal
was injected mnto the gas oil mixture in the amounts shown in Table 3. The Auto-Clave
was sealed and the gas oif and water mixture was heated to about 180°F to simulate a
typical processing temperature.  After 4 hours, the metal coupons were tested for
corrosion by measuring any weight loss of the metal coupons, averaging the metal
coupons and calculating the mils per year (MPY).

[0047] Hydrogen sulfide testing was performed using the modified ASTM 57035-95 test
that measures vapor phase HaS two hours after treatment {140°F ) with Drager tubes.

Final H2S concentration measurementts are shown in Table 3.

Sample | Glvoxal' | Corrosion Inhibitor Corrosion | Corrosion Final H,S
{ppm by Inhibitor | Rate (mpy) | {ppm)
volume) {ppm by

volume)
CE-3 SO0 None Nene 44 1

i 500 Oleic geid Pyrmidine 100 6.67
and Dimer/Trimer Acid
(3:1 wt ratio)

'Glyoxal used contains 2% by weight quaternary ammonium catalyst and is available
commercially as $-1750 from GE Waler,

*Available commercially as Philmplus” 5K 1642 from GE Water.

16



None 100 49.1 6.67 <15 <15 0048] Both sanples (CE-5 and 1) show renoval
of hydrogen sulfide while Sanple | also shows a marked decrease in

corrosi orwoanpanesdswi th the bl ank sanple CE-5). "0049] Wirlus2aigpiasal

enbodi ments have been set forth for the purpose of illustration., the

f oregoi ng descriptions should not be deened to be a 1 mtation on the scope
herein. Accordingly, various nodifications, adaptations and alternatives

may occu Skl in the at wthouyt arting fromthe spirit and
scope he[‘j’é}f*% 85 FRAP el"$gl 1 A4g)) N?%“ﬂﬁmﬂéf gb‘@@ﬁ‘?’b‘ "Eﬁh‘@ “i“hg@Wt’ 'Pdn t hat
which is clained is: _

also shows a marked decrease in corrosion compared with the blank {sample CE-3).

[0049] While typical embodiments have been set forth for the purpose of iHustration, the
foregoing descriptions should not be deemed to be a limitation on the scope herein.
Accordingly, various modifications, adaptations and alternatives may occur to one skilled

in the art without departing from the spirit and scope herein.

e
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A nmethod for reducing the amount of hydrogen sulfide present in a refined
hydr ocar bon stream and reduci ng the anmount of corrosion in processing

equi pnrentwocomntEessng the refined hydrocarbon stream saicu/usediogs7i
conprising adding a corrosion. inhibitor to the refined hydrocarbon stream
in contact \itt} the processing equipnment to protect the processing

equi pnent and addi ng gl yoxal to the refined hydrocarbon streamin contact
with the tected processing equi pnent., wherein said corrosion inhibitor
conpri se%"ﬂ'grgﬁ ggéiﬁ‘i}gﬂé{g}?‘i’jm e conpound having a nitrogen-containing ring.

2. The nmethod of claim 1l wherein the refined hydrocarbon streamis sel ectee
fromthe group consisting of gas oil, naphtha, FCC slurry, diesel fuel,
fuel oi | Hayiag desgaibed thgdgwintigs that evheden etagnet! Yacuum resi dua. . 3The met hod of
claiml wherein the refined hydrocarbon streamis at an el evated
tenperature. 4..The nethod of claim3 wherein the refined hydrocarbon
streami & at Aengbodtareduwgfthommabowt haddowansulfide prlosant in&GGned The

met hod of claim|l wherein the processing equipnent is a pipeline or a

hol di ng kafkcarbdR120h1NAT6ARRECRS 30 Q488Kdn irbprodBeingRfi@theaf cl ai m 5,
wherein the processing equi pnent is nmade of carbon st el 7. The method of

claim 1, . \BR%8L thd BB EPRY L8O MRERI L1 neaMRNLERS R hiNgy TRARGHEE Or
si x- menbered ni'trog, en-conai ni ng

inhibitor to the refined hyvdrocarbon stream in contact with the processing equipment to
protect the processing equipment and adding glyoxal to the refined hydrocarbon stream in
contact with the protected processing equipment, wheren satd corrosion mhibitor

comprises an organic soluble compound having a nifrogen-containing ring.

2. The method of claim 1 wherein the refined hydrocarbon stream is selected from
the group consisting of gas oil, naphtha, FCU slurry, diesel fuel, tuel oil, jet fuel,

gasoline, kerosene and vacuum restdua.

3. The method of claim 1 wherein the refined hydrocarbon stream 1s at an elevated
temperare.
4 The method of claim 3 wherein the refined hydrocarbon stream 15 at a temperature

of from about ambient to about 130°C.

5. The method of claim 1 wherein the processing equipment is g pipeline or a

holding tank.

i8



8. The method of claim7, wherein corrosion inhibitor is an i mdazoline
derivative. 9. The nethod of claim8, wherein the corrosion inhibitor is
a. fatty woiditvorsedazol i ne, 10. The nethod of claim 8, waEmstononhs7fatty
acid imdazoline has the following structure: R wherein Rand R' are
each, separately, a C6 to Cy, alkyl, alkylene or aromatic group. 11The
nmet hod of claim 7, wherein the nitrogen-containing ring is a py rm dine

derivative 12, The t hod of _clai 11 wherein th rm di ne derivative is a
%}/. qﬁé _O? o s gﬁi’g‘l'n l g ??L}-;'ll ET‘;I made of carbon

fatty actd py Thedval claim 5, w the processing equap
steel.
7. The method of claim 1, wherein the corrosion inhibitor comprises a five-

membered or six~-membered nitrogen-containing ring.

8. The method of clatm 7, whereln corroston inhibitor is an imidazoline dertvative.
9. The method of claim §, wherein the corrosion inhibitor 1s a fatty acid imidazoline.
10, The method of claim 8, wherein the fatty acid imidazoline has the following
struciure:
Ni
R IN
Ri

wherein R and R’ are each, separately, a Cy to Usg alkyl, alkylene or aromatic

SIOup.

1. The method of claim 7, wherein the nifrogen-containing ring is a pynnidine

derivative.

i2. The method of claim 11 wherein the pyrmidine derivative is a fatty acid

pyrimidine.
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WD 2011/ 016935PCT/ US2010/ 040871 13. The nmethod of claim 12 wherein the fatty
acid pyri idine has the followi ng structure: Rb wherein Ra and RI, are
each, sepapavaloeza C6 to C36 al kyl, al kyl ene or aromat PcTgrseap/04@41 The
met hod of claim 1l wherein the corrosion inhibitor is injected into the
refined hydrocarbon :stream 15. The nethod of claim | wherein the
corrosion inhibitor is present fromabout 2 ppm by volune to about 100 ppm
by vol une, based on the volune of the refined hydrocarbon stream 16. The
met hod of' claiml, wherein the corrosion inhibitor provides a protective
coating onto the processing equipnent after at |east about 5 m nutes of
addi ng t he cof hosedndionhiabn tldrvhereie He frief reidgvhyaroehastbaldiomesm i n cont act
with the processing equi prment, WD 2011/016935PCT/ US2010/ 040871

structure!

wherein R, and Ry, are each, separately, a Cq to Cye alkyl, alkylene or aromatic

group.

14, The method of claim 1 wherein the corrosion inhibitor 18 injected into the refined

hydrocarbon stream.

is. The method of clatim 1 wherein the corrosion inhibitor is present from about 2
ppm by volume to about 100 ppm by volume, based on the volume of the refined

hydrocarbon stream.

16, The method of claim 1, wherein the corrosion inhibitor provides a protective
coating onto the processing equipment after at least about 5 minutes of adding the
corrosion inhbitor to the refined hydrocarbon stream in contact with the processing

equipment.



17. The nethod of cllarn 1., wherein glyoxal is added to the refined

hydr ocarbon streamin an anmount of from about 1 ppmto about 3000 ppm by
vol une, baeeadiioned3se vol ume of the refined hydrocarbon ®craseio®408ie net hod
of claim1l, wherein the corrosion inhibitor continues to be added to the
refined hydrocarbon stream after the .(2,1yoxal has been added, 19.The

nmet hod of claim 18, wherein the COITGsi on inhibitor continues to be added
in an anpunt of from ahout ppm by vol une to about 20 ppm by vol une, based
on the v f»ums?&% meped PEFHR - wi))%rm%lr%@ﬁﬁsﬁdﬁ%%w S e RAORBAOBE cl i m 1,
wherein the glyoxal further conprises a cataist. The nethod of claim 20,
wher ei n sthrarciataglapnnt af Fomahewringmy tagheohd O ot by vilieenkasadan die cl ai m 21,
wherein the catalyst has fornmula 1. R-214, 3R4N wherein RI,R, R 3 and
R4 ar e eadhminddpentant hyiramitakhkydeagr oup having from1 to 30 carbon atons,
an aryl group having from®6 to 30 carbon atons or an aryial kyl group havi ng
from7 to 30 carbon atons and X is a halide, sulfate, nitrate or

car boxyl at e. The net hod of claim 22, wherein the quaternary anmoni um

It i kyl Mo AP LS, ) oM by SOl -xl) %l'. & .OZC.
Z?rre . Ih§| gémv)éx F?%‘é?&‘}ﬁ@? I}.@gh PN OEL A& QT 1nRRRBY Lot RG0S 2l « i g)

the refined hydrocarbon stream after the glvoxal has been added.

i9. The method of claim 18, wherein the corrosion inhibitor continues to be added in
an amount of from about 1 ppm by volume to about 20 ppm by volume, based on the

volume of the refined hydrocarbon stream.

20, The method of claim 1, wherein the glyoxal further comprises a catalyst.
21, The method of claim 20, wherein the catalyst is a quaternary ammonium salt.
22, The method of claim 21, wheren the catalyst has formula It

RiRRRN - X t

wherein Ry, Rz, Ry and Ry are each independently an altkyl group baving from 1 to
30 carbon atoms, an aryl group having from 6 to 30 carbon gtoms or an arvlalkyl group

having from 7 to 30 carbon atoms; and X is a halide, sulfate, nitrate or carboxylate.

23, The method of claim 22, wherein the quaternary anunonium salt is alkyl benzyi

ammonium chioride or benzyl cocoalkyl {Cy2-Cig) dimethylammonium chloride.



WO 2011/ 016935PCT/ US2010/ 040871 24. The net hod of claim 21, wherein the
catalyst is present fromabout 0,01 to about I 5 percent by wei ght based on
t he wei ghwoabtigliyss al . PCT/US2010/040871

24, The method of claim 21, wheren the catalyst is present from about 0.061 to about

15 percent by weight based on the weight of glvoxal.
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