Met hod of scavengi ng hydrogen sul fide from hydrocarbon stream Field of the
i nvention: The present invention generally relates to scavengi ng hydrogen
sul phi de woamomgss2ecar bon streans to renove or reduce | ecelis2b/odvgelr ogen
sul phide therein, and particularly relates to scavengi ng hydrogen sul phi de
from hydrocarbon streans including crude oil, fuel oil, sour gas, and
asphalts and refined products contained in storage tanks, vessels,

pi pel i nes. Background of the invention: The toxicity of hydrogen sulfide in
hydr ocar bon str is .well known in:.the industry and considerabl e expense
and effortg“ﬂ%@ﬁ%ggﬁﬁﬂ%aghﬁﬁﬁ%“ﬁ?“@Sﬁpgﬁﬁgng§gn%5%V%nt to a safe |evel
Many regul ations require pipeline gas to contain no nore than 4 ppm
hydrogen sulfide. In |arge production facilities, it is generally nore
econonicallﬁﬁdWﬁgﬁéPYeﬁyogégenerative system for treating hydrogen sul phide
streans. These systens typically enploy a conmpound used in an absorption

tower to contact the produced f]uids and sel ectively absorh.the hydrogen
sul fi de andThSoR%seHt yinvanHeR SEBKALY (felples it g:agqggﬁgagy%%gﬂﬂoﬂﬂ@p(ﬁfx?@gy and

mer capt ans. p iR B85S s ©RABROUNEdLE R of RERE@hGRMIRNHkRUSRH i n the
system Typi'cal hydrogen sulfide absorption materials include

al kanol am resticulsrlidesaiag Eniservengingdydmeen sRhide iRy iy drosgiomn 85t Bach i s not
econont cal |l G35 LKE of| Fuel 5K ShARAE Hhd SUAIRS A4 rBifedriluRts dofita il

producing fie or devel opnent” stage of a fie or in sna pr oduci ng
fiel ds whersoragegeniesy wissele pipyineens are not econonical, it is necessary to
treat the sour hydrocarbon production with non-regenerative scavengers. The
US patent no. 1,991, 765 di scl osed use of reaction of al dehyde and

hydr osul f i dBadkgruhnd®f tlepiheegionet c. | i n aqueous sol ution having pH between 2
to 12. Thereafter, use 1 of aldehydes to renove or scavenge hydrogen
sulfide was reported in many patents. Miinly al dehydes i ncl udi ng

f or mal dehy deheabxiity @XBArogen fulfideindgiycebomstearbisiedll lowwniit thedtdustry al dehydes

or glyoxal in conbination wt her al dehydes ve been.use hydr ogen
sul fide sca@@ﬁﬁ@?@?@%ﬁﬁﬂﬁﬁﬁz?géﬁ%§?mFﬁxWﬂg¥ﬂ3WHasﬂgﬁ 86F§B%9?€§%?ion, t he
reaction pro@uegs. Mdnheehfaions FoqUiRXpikdliavadto tertath MoomateSthie 4gppm
trithiane). Based on an article appearing in the Ol & Gas Journal, Jan

30, 1989, nlresepedlEfati ve scavengers for small plant hydrogen sul fide
removal fall into four groups: aldehyde based, netallic oxide based,
caustic based, and other processes. In the renoval of hydrogen sulfide by
non- r egeher bt lage prasivptinnrfacilitiesh it isgenpHy &ore ecqpergic) to instller KERNEBHER sul fi de

LS d]; ggglr gozg@{e% ket 3PP ‘H%l'ogcrn QUSRI A VPHGE GO B pi&Ip \eRthidy #M t he
compound used in an absorption tower to contact the produced fluids and selectively
absorb the hydrogen sulfide and possibly other toxic materials such as carbon dioxide
and mercaptans. The absorption compound is then regenerated and reused in the
system. Typical hydrogen sulfide absorption materials include alkanolamines,
"hindered amines, and the like. However, such approach is not economically feasible

for development stage of a field or in small producing fields.

For development stage of a field or in small producing fields where regenerative
systems are not economical, it is necessary to treat the sour hydrocarbon production

with non-regenerative scavengers.

The US patent no. 1,991,765 disclosed use of reaction of aldehyde and hydrosulfide

[and mercaptans, etc.] in aqueous solution having pH between 2 to 12. Thereafter, use
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The US patent 4,680,127 [US 127] reported use of glyoxal or glyoxal in
conbi nation with other aldehydes in small anmounts, which resulted in
scavengi nyoabiomess2egen sul fide by form ng wat er sol ubl e ppraNzmbd/sgo2sdi ch
were stable only in al kaline pH of about 9, and deconposed in acidic pH of

about 4.5 t ' ' ' by US
patent . BeBsEea 37 RRM Bl S ite BBREE hMac bue inelids o BRERE DY U0,
hi g]tl anmountMaialy allcbllmtelswcl@&i%foynm'_?gﬂﬂt or ghyoxhleordirimpaldghydtSn comiBetidny wei gh':1
to form wat 0 i n .nr nis that
gl yoxal has\’%p’o&ﬁészzr aé‘*ré%’/‘%ﬁ %(%I %B}é%@? §°‘Eﬁgﬁ%3%ﬁ‘n§§%ﬁa§§$ ?{@1& Elf]ieo&(r%lﬁkk%ésdot he
process hi ghlhydropeconiidd scavengésldinidvingadgeqs.olol therfapfaldbhysle npteheattios, t hat it

results in ter. insol ubl e, products ich are prone to t. deposited in
{he vessel dhEl ol B anRn kbl \ARER alf FaBRR hdh *WietTF oul | ng
additive will be required. Accordingly, as per inventor of present
invention, this nethod. [ s neither econom,c or industrla f easi bl e and
conveni ent éaf?fg OEJSa"pﬁ'Et'@lﬁ APEREY g3 réiél &7 SQ‘P% alr'g'ﬁ'br%'%dl%ée 8% gl yoxal ,
bgt v%h airageﬁaaaﬁmyéadengarsrrgirmﬁhnt plaﬁtedymlsgegri\ﬁﬁdegfbnﬁﬂvahﬁldr ngerfoﬁﬂ% Ihfi EIE 075
odor erein product ornmed ar.e water sol uble and non-vol atil e. e US
does not aiff\Pe %@éwa%%%r%?‘@ms e%ﬁiﬁ’ai ‘f‘i‘QStlchaF?de&’ﬂ‘ﬂ@WFr BPeessesr Bear bons
which may Rge RASAGEdYEosd SOBTR by DR Rlgmirstive O p&inds, Ry J¥ReknB b Of

gl yoxal in higher amounts as reported in US 842, but onlci/ arns to avoid
handl i ng prioB1 BerBydsegeg splfidato {grinrapntoxisyconipawndody areempeund whish pagbet hat how

one can achigy&dhl fea0dasidbdnde scavengi ng wi thout facing a) probl em of
fouling which may be ca&e%r{;y enpl oyi ng net hod of US' 842 and b) probl em of

deconposition of products which may be water sol uble products but deconpose

in acidic i i t DS 127 . Even the
US 975 doegﬂﬂr‘?’\gg @%%es’{gﬁéseg@%%? %?gﬁggﬂﬂg‘g%%ﬁ%é’gaﬁ%@ﬁggll ‘L‘J\%’?\’tﬁ thatdr

Accor di ngl yith btberealdshydes inl smaalihaecunts, wehichadslilted ie scavengingiofi Ay drogenof
additive whj i i.tabl e faqar..scavengi sul f ur . contai ning. coppounds

el udt ng. yRsGE SRS el sl s ERUENY e B el I A PE FEROL LI T e i n
t he hydr ocabbwtr9s atalydeporaposed imacitkid gH ofaboutd. £testiivenged products which are
easy to be separated fromthe stream w thout causing any fouling and
deconposition problens. Problemto be solved by the Invention: Therefore,
present i nveRt iditiodl WEpr@bleR OF UL 1T Fas pldide@ byt USAPANR-NESS08084 exi sting
i ndustri al Brpbl em ,bK provi di n% t he additives which have been found to be
sui t abl e f dMSsKalwhigh meposted pesrotebroxali Bty very highameruntsié feasti A d Sty ogen

sul fide andydigf GRRLABS ofP3k 4BH b@weghheb%m@ae,sm&Jn&a@pﬂoau&b%@Mﬁrnocar bons
by produci ng water solubl e scavenge Broducts whi ch are easy to be

separ at ed fRrehiem 9 thiy gelyten isohiat geiabhes toakesemigjoxedyinfystl high ameynts, .
decomposi tiQfcPLRR! &is (RIRSES, RinlyNinck RN ORagAERATHbEGhYor fiR N obi ect
of present invention I's to provi dditrves for scavengli ng sul fur

cont ai ni ng reshysbia t itiresilte i wefehipsiletde produdts, ivdcheanel prope traget depsited

015, sour AR She Bkindalie M HAGRERT bt A AR e T
{ ank;sa vessiel rgéuixpa?eecdonﬁmgly,m_@emzemdm cfpresatt iprontarythis metdnotliomire o

provi de additives for. scavengi n rogen. sul fide in hydrocarbon streans
wher ei n saieﬁomi’atlin%ma‘ésﬁéaﬁlg%ﬂsﬁ’#%‘a&?%’ﬁéﬁrﬁsul fide and produces water

sol ubl e scavenged products which easily get separated fromthe hydrocarbon

wi t hout caugi ng_any foulin nd decaonposition probl ens.
’lshe 88 pa%ént 8,666,995 ?Ug’975] alsrr)p reported usepof glyoxal, but with aim to

provide a method to reduce emission of hydrogen sulfide odor wherein products

formed are water soluble and non-volatile. The US’975 does not aim to overcome
problem of fouling in treatment of hydrocarbons which may be caused due to water
insoluble products formed by use of glyoxal in higher amounts as reported in US’842,

but only aims to avoid handling problems of glyoxal without any disclosure or
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Still another object of present invention is to provide additives for
scavengi ng hydrogen sulfide in hydrocarbon streans wherei n scavenged
product s weioi2g@s separated fromthe hydrocarbon evenpeatr/isgidomgH. Yet
anot her object of present invention is to provide additives for scavenging
got sapar atBaE St O BRCE RSt hEATR PR R BB IREDS PO 2o
an obj ect gqfotidne of fediep twhich, @y iborcavsed by cwindeying methd of Sy 842 andeblgi ng

sul fur contai.ning.c i i .ng. hyfroqe i n LRt ans,
particul ar Ip§°%$%%5g%ﬁ@@§qqgﬁae&f‘%8?%§ W%?o“g rg%%sél,tefrvagglrb gei ﬁm@vgngi ng

addi ti ve r elscdnspost inhachijciptd gdichsudyftiedeusad tly pmplying snefedenf USo1 ATbEeenscavenged
products whj ch.easil . se d he stream even at acidic pH
that's too tbﬁ @ﬁ?ﬁf%@%&?ﬁf@cu 5‘395%% ?Jrl{gjgg?l% deconposition problens. O her
obj ects and advantages of present invention wll beconme nore apparent from
the foll ow ng description when read in conjunction with exanples, which are
not intendé\&F%fié’?ﬁler}f'?e'gt?Bpe of present invention. Summary of the Invention:
Wth aimto overcone above-described problens of prior art and to achieve
above-descrj bed objects,of. the inyentian, the inventor. h found.t hat when
an hydr ocarfhr herg ffg“‘%‘tﬁ pegd °¥6Prﬁ$‘ﬁﬂ&"s°ﬁ HORIRATRY oﬁ%cﬁi‘éeeﬁhl'g@ I¥i de,

ner capt ans dyfabld fRkefendifdsi0fuy 0¥ithinig @6inHourldh enchydihipagarogsnikilfideands
scavenged and the scavenged prroducts thushf&ré‘ﬂgd B’;II‘ e_bv\@t(e) lsol uzliolre Wlhl ch
easily get @:@ﬁ’d’ﬁa&ﬁ’e@“ﬂw&rﬂytw ‘Pﬂfﬂr%@é‘?%ﬁ eVEHCRH OB % RO &nY Phat's t oo
FUrther { oL e ban cont o' g ol o conpounds.

i ncl udi ng Hepdsiegany fewingiaad dejorpesifeapreble®st r eat ed with conpositi on
consisting of glyoxylic acid and pol yethyl ene glycol [PEG, the capability
of glyoxylic acid to scavenge hydrogen sulfide surprisingly gets enhanced
toI ablgreat d’robtenetopb;@snbfedgﬁtbecsihwel:tgmd _plroducts t[]u?i ;orne;jhregaldn vvatgr
solubl e even at acidic pH and get easily separate romthe hydrocarbon
even at acidic pH and that's too w thout causing any fouling and

deconposi t i Thergforeopresent indertion dimgatyprovidieg psegtorn toj aboeniddsonbed gkistings t o

hydr ogen sul fide,scayengi ng addi t.i ve i ch, . n r ide in
hydr ocar bon84 91311 BF%}/C &t I%Fhﬁbﬁ%gw{gécsa\%‘%%‘%p‘?%gufc ng t&%l%gﬁ%ﬂé{ easily
separ at ed ffopmchveaging dsdfimr bamaisivg ncatpoasdsdiinclylihgarhydtogen ' silfideo and t hout

causi ng any fouling and dec ositi pr abl erein the.scayvengi ng
addi tive co'ﬁ?f’%ﬂ“g‘sof’arﬂf‘ﬂ%'ﬁﬁlgé?@r%fa Sblngdfe'f‘htg‘? g'g‘grb@r %‘8Ieby[ PRGOS t%f/vher ein

al dehyde i ssollbyorbénge@pidlucts Aviadteare dagdioneniepaitated fpone senhydrovaghons on

rel ates to hydrogen sulfide scavengringfg, addi tb ve whi ch scavenges hydrogen
sul fide in Wiknupeatsingaay fplirgand degompasiion EbIASISe scavenged products which
get easily separated fromthe hydrocarbon even at acidic pH and that's too
wi t hout causi ng any fouling and deconposition problens, wherein the
scavengi ng Qbigctsiof theclamentipms of gl yoxylic acid. In one enbodi nent, the
present invention also relates to nethod of scavengi ng hydrogen sulfide in
hydr ocar bons, wherein hydrocarbon is treated with scavengi ng additive
consi sti ng Afcogdiygxyhaio ohisicdofapreseploinyesntiny Iiseﬁﬁd)r@‘li%@idlt[\PE%}f sasgng'ag d
treatment for, .er 0, I i separ at ed
fromthe hy%’r@g ép@%ﬁmééé’&ﬁﬂanﬁ%@?@ﬁ@@g&ﬁrﬁ% {é’h&ﬁ({e'sagmeg&\%&tﬁ %iggﬁﬁglgﬁ)él ng any
f oul i ng andhyeaenaifidei iorthe hpdrbesrsons lincladiog kewde eitb datil rEist sout igas, pnésent

[ ti | | at t hod  of ] hyd sul fide i
nyelr ocar bon&PRtGRa TSy BBt ket RURPRHTRy P -CedUR il g adai ti ve

consisting of glyoxylic acid, and said treatnent forns water soluble

scavenged products which get easily, separgit‘:qe(a ,f‘,ron}ﬁt he hydrocarbon even at
aci di ¢ pH af@otherebiect op Brefint ipygRtionais 40 Arpvidh pAfityes 19 SNengNe IRt i on
probl ems.  glfide in hydrocarbon streams wherein said additive reacts with hydrogen sulfide and

produces water soluble scavénged products which easily get separated from the

hydrocarbon without causing any fouling and decomposition problems.
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Description and Preferred Enbodi nents of the Invention: In accordance with
present invention, the hydrogen sul fide scavenging conposition is a

syner gi stwo 20mnhss2at i on of al dehyde and pol yet hyl ene gl ycohNgiR&E@)o28avher ei n
al dehyde is glyoxylic acid. |In accordance with one of the enbodi nents of
present invention, the glyoxylic acid is one which is avail able
comercially including glyoxylic acid with 50%dilution. It nmay be

i dentified Sl GABhdNoobP@8-of Zprdsent mvantimr tatec provide haddifves ffon Beavengingdi ment s of

present invention, e .pal vet hyl en | Ls: ( e from PEG
havi ng nol JE’HT"&?" ﬁ%ﬁtﬁgﬁt‘ga’fﬁﬁcﬁé"ﬁ‘ P rﬁ%‘q%%gvﬁ? '%Ebggt@ %)ngg@ﬁ?cﬁ?%o%?ﬁ)‘a%?t on,

pref erabl y sppuecabontthed@rdoarbonOvatat acidic pHowever, the inventor has found

t hat nol ecul ar wei ght of PEG does alter its capability of scavenging
hydrogen sulfide [Table - 1], but when it is taken as a conposition with

gl yoxyl i c agétdarotier robjeet W giresont giventibaes woproaldeeaddittves dapadzvenging of
scavengi ng hydrogen sulfide [Table - 111]. |ln accordanc i th. present

i nventi on, ltyﬁé’gF'étsPBide‘"tWéi“%ﬁ%ﬁfﬂrfgﬁ?'gs %eﬁwf@ﬁweguﬂ“ﬁfu&g well egﬁgi ng
conposi t i OnseBiratdd B5MMhe itRYAMUHBA HEPEIces ibaésran 99 parts of al dehyde to 1
part of PEG and 1 part of al dehyde to 99 parts of PEG The inventor has
found that ampunt of PEG varying upto 20%in scavenging conposition of
present 1 nvARL iOfled an Skl & RO brebéhe TRAGGM! fbiile @TARTEIF CAMSRIADY
capability of glyoxylic acid. In accordance with present invention, in
carryi ng ousulfuheontaining gorapousdsirelvging §ydrognoytie and MegrgPins: RIYFYRRY bon, t he
scavengi ng Ll Ve 4 ddedpifodaie ,yghg@ﬁr%{k InedAfdide RABK | Wit
concentrati@%gdsg%#‘fs?%f?dgn?] '?% s% gtaantnlpal 'y scaver{%engHZS or. H2S and

mer capt ans hydeogen sulfida and qoeddaercwaa stlutde scaypnaer eprpshietsehiel casipy it nent s of
present 'nvseéngrlagg ’froglpﬁless%yrﬁ Qﬂ?érpgt AKL bl \Bat!sS089HGud Audihy aRPHAling0 as to
achi eve rati8%6 hydr ogen sulfide to stavengi ng additive varying from about
1: 0.1 to abadtdedon@posipioefpenbédmisy from about 1:0.2 to about 1:1. In treating
hydr ocar bon streans, the scavengi ng additive of present invention nay be
added neat or after dissolving in a solvent, selected froma nutual solvent
or water, aQthefBYjehts ahdhdah@gesnf pepmentdntom iwilinbecamei modeLappargntfyora cheni cal
i njection punp.or any other chani,cal neans for, di spersi scavengi ng
addi tive i ntheHRllewing slesaripBen Shen FeAdoiR o8B RoUg"y 85Pnexarﬁﬁesac@g?hd3rﬁcné)tw th one
of the pref gidnach RTRAEIOBOSSpr&kntIn@mAes. | Nvention, the scavenging additive
of present invention may be injected in the flow lines in case of

devel opnment stage of a field or in small producing fields, or the gas
contai ning gyg or ddhihi&GoqBY be passed through an absorption tower

wher ein sca\gleng{%%g agldi ti veoof present invention has been injected in case
of large production facilities. The scavengi ng additive and net hod of
present invgali on ARy L sSRHRY PRI (fw;ﬁlf PARMNE Y REYiglR dbbrm

hydr ocar bon%&hrée%glrrs |ﬁ@§ﬂgi§‘§gvelc%a§e Q?’F@lfue oiol, sgur gas, and asphalts
and ref i neddpxcobhdodbgectsoofithé imvention, the devggter hamfeynd theswhensan fydsedarbens .

Exanpl es: The prese i nvention [,S;:n0 rd i d Qhtnf ol | owi ng
exanpl es, Wﬁ?‘gﬁm&?é{’]l:ﬁlgtcofr}?f"é[h%eladﬁ%gg w&gegcsgggg’o&%g%%%ﬁ? Iai%%llteent |hon, but
have been i gioxgir &iddhd hydrbgensduifadecs achvemgedged tief sqarenged pradnetethuson and

best node t erformit. The follow, ng exanpl al sa .d ur prising
ef fecti vene§‘§'ﬁ"(9‘Fl a&ﬁ@@h@?‘ﬁ‘ge et ?ﬂ?‘@ég‘f}fse ?r}gtg(gﬁrtm} m‘?ehﬁ/(f:i ?’g%,%we?hai s
conposi ti on aE@RPHAndMEAt B oW itlioty tauging @hydfoalink did@ecanpagitipo pydblemsaci d.

The inventor has further found that when an hydrocarbon containing sulfur
compounds including hydrogen sulfide, mercaptans is treated with composition
consisting of glyoxylic acid and polyethylene glycol [PEG], the capability of
glyoxylic acid to scavenge hydrogen sulfide surprisingly gets enhanced to a greater

extent and the scavenged products thus formed remain water soluble even at acidic
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Exanple 1: dyoxal as H2S scavenger A solution of glyoxal in (DM water was
prepared so as to get 5% gl yoxal content in the final solution. The H2S gas
was bubblwad 20mni2s3280usly t hrough this solution at about p8@ANto/o@bgut 3h.

It was observed that the solution started turning turbid after about 30m n

of H2S spargin After 3h teer i | > C. The

el enent alo éﬂ’!ﬂf‘@%g{é eSff"{yt ??gar(%(\%@r? gt ?%}yggﬁf%ﬁéﬁéﬁ%v% Ciggo@?t{%g%%%g}o%% about

3. 65% H andwighatitaugiflg bebfoBlingldnd destempoditioe grobkegisdue was found to be
insoluble in water and nethanol. This exanple confirns that glyoxal acts as
H2S scavenger, but results in water insoluble products, which for the
reasons desgédoRithlyiahe ipfeséll GientloE relaies dﬁl;jdlf@én sFElbfmllerpbaa/elﬁging]agtdjtiyd ic acid
as H2S scavenger Exanple 1 was eate ut Wi oxylic acid,so as to
have 5% gl y#¥gh cavengss EQS‘HP%% ?“lﬁggv\&shygib?é‘&’\?%tbty hg)[rX‘ﬂ% ngﬁr u?oll%rlle r emai ned
clear even gehydngddsrogids Which et exiesdpampdd fiaanise liydrocaibon Bven &l @iniint al

anal ysis of the oven dried sanple shg)\é\fd about 23. 58% Cb about, 3.81% H and
about 27. 054 and tads toeevidivahcaysing any kufing,and decomposiipn REOREME SYRGRTL i n wat er

and net hanoke sfflies iﬁ%aw{iee eofsts” FBaliétate Ghy Psigkingleac igtichbs [REGIabhe of _
scavengi ng t he HZS% ut surprisingly at sanme concentration as of glyoxal it

resul ts in woereip aldehyds|ieglypdicatid, which for the reasons described herein
above are desired. Therefore, it can be concluded that the behavior or
mechani sm of gl yoxylic acid is not same as of glyoxal. Exanple 3: PEG as an
H2S scavenglr oRxembodimantithe pressatinvention: relges Ho Prydroggn sulfide SpaKFRSIBE, PEG

content. It £ i ver
ont . %ﬁ%ydf‘o BE Sl dh H9BroRirb 618 By WBinih € e 1B y
m ni mal con?mﬁleﬁgﬁﬁ%?%ﬁg I's %o'g a gooﬁHfS scavgn er.gTo further confirm
above fi ndi ssgveniged pRE®ts whivbtgeh capdp dendpsdsfrem dhgybydrogartioncgvemayacific 1000 ppm
of PEG 200, RPEG;400Q and B : And G5 RBBLAL. Wikri
concentrati Bh? %@a\aégooc‘glrtr%ﬁ gagjglvr\fplt%ﬁy g&@'ﬁg%ﬁ(ﬁg%l uf)%sgn pﬂr;}epar ed w t"ﬁ sane
concentr at i e seivergity diditiveicodming of BEGxpliacihs f ound that efficiency
increased with increase in nolecular weight of PEG but the efficiency was
very low, and hence, PEG could not be accepted as econom cal -and
i ndustrial | yy afppleinbadirentRfe peasie nigedntipm absoerelatds] to athbé of scaExgiegi ment No.
e ) > P

Additive Dofl}?d%ggegxpsgmde /ion fytlll"o%zlzlr%grgsy wherein hydrocarbon is treated with scavenging

additive consisting of glyoxylic acid and polyethylene glycol [PEG] and said

treatment forms water soluble scavenged products which get easily separated from the

hydrocarbon even at acidic pH and that’s too without causing any fouling and

decomposition problems.

In another embodiment, the present invention also relates to method of scavenging
hydrogen sulfide in hydrocarbons, wherein hydrocarbon is treated with scavenging
additive consisting of glyoxylic acid, and said treatment forms water soluble
scavenged products which get easily separated from the hydrocarbon even at acidic

pH and that’s too without causing any fouling and decomposition problems.
Description and Preferred Embodiments of the Invention:
In accordance with present invention, the hydrogen sulfide scavenging composition is

a synergistic combination of aldehyde and polyethylene glycol [PEG], wherein
aldehyde is glyoxylic acid.



Expt. 1 PEG 200 1000 5.26 Expt. 2 PEG 400 1000 10.52 Expt. 3 PEG 600 1000
15. 79
WO 2010/128523 PCT/IN2010/000286

In accordance with one of the embodiments of present invention, the glyoxylic acid is
one which is available commercially including glyoxylic acid with 50% dilution. It
may be identified as CAS No 298-12-4.

In accordance with one of the embodiments of present invention, the polyethylene
glycols (PEG) may be selected from PEG having molecular weight varying from
~ about 200 to about 1000 dalton, preferably from about 200 to 600 dalton. However,
the inventor has found that molecular weight of PEG does alter its capability of
. scavenging hydrogen sulfide [Table — I], but when it is taken as a composition with
glyoxylic acid its molecular weight does not alter its capability of scavenging
hydrogen sulfide [Table — III].

In accordance with present invention, the ratio of the components of hydrogen sulfide
scavenging composition of present invention varies between 99 parts of aldehyde to 1
part of PEG and 1 part of aldehyde to 99 parts of PEG. The inventor has found that
amount of PEG varying upto 20% in scavenging composition of present invention is

sufficient to substantially enhance scavenging capability of glyoxylic acid.

In accordance with present invention, in carrying out the method of scavenging
hydrogen sulfide in hydrocarbon, the scavenging additive is added to the hydrocarbon
or gas stream in a concentration sufficient to substantially scavenge H,S or H,S and
mercaptans therein. In accordance with one of the preferred embodiments of present
invention, the scavenging additive is added in an amount so as to achieve ratio of
hydrogen sulfide to scavenging additive varying from about 1:0.1 to about 1:2,

preferably from about 1:0.2 to about 1:1.

In treating hydrocarbon streams, the scavenging additive of present invention may be
added neat or after dissolving in a solvent, selected from a mutual solvent or water,
and may be injected by conventional means including by a chemical injection pump
or any other mechanical means for dispersing scavenging additive in the hydrocarbon

or hydrocarbon stream.



Exanmpl e 4: dyoxylic acid and conbi nati on of dyoxylic acid and PEG as H2S
scavengers in accordance with present invention: The hydrogen sul fide [H2S]
scavengi ngowasy/eennduct ed by partially saturating ker osemrerantoiwbdodsdi2S gas
at roomtenperature. The concentration of H2S is nentioned for each table

OF Tespect |, XA Sl Lnk st B! 2 ﬁgﬁ@mh%meﬁ@mf%%m WRihidn i { abl e.
e defined scavenger sanple was into the sanple bottles. The
bottl es, eachveoging additivegofapressat/iomgtion swybednjedted i the fewrings in Qaheof _
concentr ati evilegmé#&%ta B e aLRPar npﬁgﬁﬁg%ga%*%ﬁmt b fhe B3 REARH d with

el apsed ti era ure usin agger tubes. The
bl ank t est hdsgewnralfide emhyvxbd passtd thaaligh ganagbgorptier &rvegir w@eaﬁirdiswvv&ingThe

gl yoxylic S I_ment 0% bl e
connerC|aIﬁ?diﬁ8F@3%QEW§mﬁmB§g§ﬁg Y 8?&%%1éé?%h%éﬁ%%@§lﬁ%ghﬁgfer sol ubl e
and were easily separated in aqueous |ayer even at acidic and neutral pH.
Table I1 ncentration,.of dro ul fid 1000 Expt . No.

Dosage ppEn eEscRvepging, ég,dlﬁy(epq d raet%fg(ﬁfgrese%} B lon may b8 ngd in sgavengmg Product

hydrogen sulphide from hydrocarbon streams mcludmg crude oil, fuel oil, sour gas,

and asphalts and refined products contained in storage tanks, vessels, pipelines. -
Examples:

The present invention is now described with the help of following examples, which
are not intended to limit scope of present invention, but have been incorporated to
illustrate advantages of present invention and best mode to perform it. The following
examples also demonstrate surprising effectiveness of scavenging additives of present
invention, which is composition consisting of glyoxylic acid and PEG, or glyoxylic .

acid.
Example 1: Glyoxal as H,S scavenger

A solution of glyoxal in (DM) water was prepared so as to get 5% glyoxal content in
the final solution. The H,S gas was bubbled continuoilsly through this solution at
about 30°C for about 3h. It was observed that the solution started turning turbid after
about 30min of H,S sparging. After 3h, water was evaporated in an oven at 120°C.
- The elemental analysis of the oven dried sample showed about 30.52% C, about
3.65% H and about 29.54% S. The oven dried residue was found to be insoluble in
water and methanol. This example confirms that glyoxal acts as H,S scavenger, but
results in water insoluble products, which for the reasons described herein above are

not desired.

Example 2: Glyoxylic acid as H,S scavenger



d yoxylic Acid 1000 82 Expt. 6 Gyoxylic Acid 500 60 Expt. 7 dyoxylic
Aci d/ PEG 200 (95/5) 500 92 Expt. 8 dyoxylic Acid/ PEG 200 (90/10)

WO 2010/128523 PCT/IN2010/000286

Example 1 was repeated but with glyoxylic acid so as to have 5% glyoxylic acid
content. It was observed that the solution remained clear even till the end of the
experiment means for 3h. The elemental analysis of the oven dried sample showed
about 23.58% C, about 3.81% H and about 27.05% S, and the oven dried residue was
found to be soluble in water and methanol. This example confirms that glyoxylic acid
is capable of scavenging the H,S, but surprisingly at same concentration as of glyoxal
it results in water soluble products, which for the reasons described herein above are
desired. Therefore, it can be concluded that the behavior or mechanism of glyoxylic

acid is not same as of glyoxal.
Example 3: PEG as an H,S scavenger

Example 1 was repeated but with PEG so as to have 5% PEG content. It was observed
that concentration of H,S was reduced but very minimal confirming that PEG is not a

good H,S scavenger.

To further confirm above finding that PEG is not a good H>S scavenger, efficiency of
1000 ppm of PEG-200, PEG-400 and PEG-600 was measured for 1000 ppm of H,S
concentration and was compared with a blank solution prepared "with same
concentration of H,S but without PEG and was found that efficiency increased with
increase in molecular weight of PEG, but the efficiency was very low, and hence,

PEG could not be accepted as economical and industrially applicable H2S scavenger

[Table —1].
Table -1
Experiment No. Additive Dosage (ppm) | % Efficiency
Expt. 1 PEG-200 1000 5.26
Expt. 2 PEG-400 1000 10.52
Expt. 3 PEG-600 1000 15.79




500 90 From above exanples it is observed that when glyoxylic acid is

taken without PEG it acts as hydrogen sul fi de scavenger and has efficiency
of about W% EI1280200 ppm dosage, but at 500 ppm dosage PCI/IREd1D/0002HCY IS as
| ow as 60% for 1000 ppm of Hydrogen sul fide. However, when 5% of PEG 200 is

added to gl yox | si.ngl. Lantia fficiency
of 92% i sgoﬁé‘%'%eigd‘ q?/lgoxy %U%ypp?ﬁ 6"‘ “yn Otlj'ﬁ@%yéc ébcé(k y’ﬂé% rm t hat

gl yoxyli c asdastengerdiyicicogdanceuvith nﬁ:seﬂmmm, but conbi nation of gl yoxylic
acid and PEG is synergistic in nature and surprisingly achieves
substantially enhanced efficiency even at half of the dosage of glyoxylic

acid. Tabl &hd IHydn[o@aﬂcsemde afH,Sh sodvehpiag o;%ncmdhétbcdeayi partialy panitatioxpt . No.
Scavengi ng ﬁggsle%e VOell Ez)v? pg%s a%) r%];rfnl &Im%[:]l% ure. 'Phe conc%lmtratﬁ)n of H,S is
mentioned for each table or respective example and was maintained for each
experiment in a table. The defined scavenger sample was added into the sample
bottles. The bottles, each containing a scavenger sample, were shaken and the
concentration of H,S in the vapor phase of each bottle was measured with elapsed
time (at room temperature) of about 20 h using dragger tubes. The blank test was
conducted without adding any scavenging additive. The glyoxylic acid used in each
experiment is 50% diluted as available commercially. The scavenged products formed

were found to be water soluble and were easily separated in aqueous layer even at

acidic and neutral pH.

Table 11
[Concentration of Hydrogen sulfide is 1000 ppm]
Expt. No. Product Dosage ppm | % Efficiency
Expt. 4 Blank - 0
Expt. 5 Glyoxylic Acid 1000 82
Expt. 6 Glyoxylic Acid 500 60
Expt. 7 Glyoxylic Acid/PEG 200 (95/5) 500 92
Expt. 8 Glyoxylic Acid/PEG 200 (90/10) 500 90

From above examples it is observed that when glyoxylic acid is taken without PEG, it
acts as hydrogen sulfide scavenger and has efficiency of about 82% at 1000 ppm
dosage, but at 500 ppm dosage its efficiency is as low as 60% for 1000 ppm of
Hydrogen sulfide. However, when 5% of PEG-200 is added to glyoxylic acid then
surprisingly substantially enhanced efficiency of 92% is observed even at 500 ppm
dosage. These experiments confirm that glyoxylic acid is hydrogen sulfide scavenger,
but combination of glyoxylic acid and PEG is synergistic in nature and surprisingly
achieves substantially enhanced efficiency even at half of the dosage of glyoxylic

acid.



- 0 Expt. 10 dyoxylic Acid 500 42 Expt. 11 dyoxylic Acid/ PEG 200 (95/5)

500 95 Expt. 12 dyoxylic Acid/ PEG 400 (95/5) 500
WO 2010/128523 PCT/IN2010/000286
Table III
[Concentration of Hydrogen sulfide is 600 ppm]
Expt. No. Scavenging Additive Dosage ppm | % Efficiency
Expt. 9 Blank - 0
Expt. 10 Glyoxylic Acid 500 42
Expt. 11 Glyoxylic Acid/PEG 200 (95/5) 500 95
Expt. 12 Glyoxylic Acid/PEG 400 (95/5) 500 93

From above examples it is observed that when glyoxylic acid is taken without PEG,
its efficiency at 500 ppm dosage is as low as 42% for 600 ppm of Hydrogen sulfide.
However, when 5% of PEG-200 or of PEG-400 is added to glyoxylic acid then
surprisingly substantially enhanced efficiency of 95% is observed at same dosage.
These experiments also confirm that combination of glyoxylic acid and PEG is
synergistic in nature and surprisingly achieves substantially enhanced efficiency even

if taken at same dosage.

Table ~ IV
Expt. No. Scavenging Additive % Efficiency
Expt. 10 Hydrogen sulfide is 450 ppm, Glyoxylic Acid 237.5 72.5
ppm and PEG-200 12.5 ppm
Expt. 11 Hydrogen sulfide is 200 ppm, Glyoxylic Acid 71.25 74
ppm and PEG-200 3.75 ppm

From above examples it is again observed that when scavenging additive of present
invention consisting of glyoxylic acid and PEG is taken, the efficiency at 450 ppm
dosage of H,S is as high as 72.5% just for 250 ppm of scavenging additive of present
invention, and at 200 ppm dosage of H,S it is as high as 74% just for 75 ppm of
scavenging additive of present invention meaning thereby even one half or one fourth

of present‘ additive is sufficient to scavenge hydrogen sulfide in hydrocarbons.

The above experiments confirm that glyoxylic acid is capable of scavenging H>S by

producing water soluble products, however, when it is taken along with very small

10



93 From above exanples it is observed that when glyoxylic acid is taken

w thout PEG its efficiency at 500 ppm dosage is as |low as 42% for 600 ppm
of Hydr ogwo 2810/i28ske. However, when 5% of PEG 200 or of PE®&XSQom@28dded to
gl yoxylic acid then surprisingly substantially enhanced efficiency of 95%

is observed at s gL 1nbhe ri I | onbi nati on
of gl yoxyl ¢ Og.%ti %ﬁgpf‘% I %O}SJyozg)rEgigﬁi %:fﬂlgigﬁcﬁatt%usr%gveglg%&{?fé% |§i|tnﬁgll y

achi eves slilxs¢aasst subdthntiaby banfomihgesyhérgistneffeceofonavenhging lkdditivt ofgmesentdosage.
Table -1V Ex\%tf. No. Scavenging Additive % Efficiency Expt. 10 Hydrogen

sul fide is"¥58"¥pm 4 yoxylic Acid 237.5 ppm and PEG 200 12.5 ppm 72.5
Expt. 11 Hydrogen sulfide is 200 ppm dyoxylic Acid 71.25 ppm and PEG 200

3.75 ppm 7L}7rom the foregoing examples it is also clear that with hydrogen sulfide scavenging
additive of present invention and method of scavenging hydrogen sulfide in
hydrocarbons by employing additives of present invention, one can now achieve
hydrogen sulfide scavenging without facing a) problem of fouling, and hence without
requiring additional anti-fouling additive, and b) problem of decomposition of
products in acidic pH, and hence hydrogen sulfide is substantially scavenged in one

attempt only.

Further, no elimination of hydrogen sulfide odor was observed in any of the above-
described experiments which confirm that hydrogen sulfide has been scavenged to
maximum possible level and the concentration of hydrogen sulfide, if any in the

hydrocarbon is negligible.

11



From above exanples it is again observed that when scavengi ng additive of
present invention consisting of glyoxylic acid and PEG is taken, the

ef fi ci encyoavio4a8s2ppm dosage of H2S is as high as 72. 5%Pruwdan20ien002&0 ppm of
scavengi ng additive of present invention, and at 200 ppm dosage of H2S it
is as high as 74%just for 75 ppm of (Tﬁ gvengi ng additive of present

i nventi on neani ng thereby even one ha or one fourth of present additive
is sufficient to scavenge hydrogen sul fide in hydrocarbons. The above
experinments. confjrmthat yoxyli.c aci.d i | e of. scavenai ng..,H2S by
produci ng wat er ll's[% rﬂ%ﬁ“esub‘?%ég% n,g%%‘\?ﬁfegbvgrc?p%%g(%%lc?vef‘%m%a %ﬁg alsggigc]levw th very
smal | anouid hyakocatbous bp Fortningl @éten folirtscaverged bfddacte mdycht we samablernge H2S

surprisingly i.ncreas ubstantially confirm syner gi st i ffect of
scavengi ng KHHE ppaRise o8 SRR RO FYenoh 2o iKopl RO e T Teiif es it s
al so cl ear tewmpaditibn protlcagewhadinf thel ecaserpirengldittyeaddsists e alithyae amdnt

i nvention an t hod  of engi hydr. ul fide j.n hydrocarbons by

enpl oyi ng aB&P’%FX}E'? Wcobfpi@n?'%:vﬁ%é‘ﬂ%/%(ﬁgg‘g’ﬁ( © SRR %é%i eve hydrogen

sul fi de scavenging wi thout facing a) problemof fouling, and hence w thout
requiring additignal anti-fouling, addjfjve, and b) problem of decgonposition
of products<in ady P&enpﬂlﬁéﬁq&amw %{?&wsgaérfl%? iyelae & Gerein e Iy

scavenged i BeaQéiirdldd8RE cOidlsks of gHokNRSacidn0 el i mi nation of hydrogen sul fide
odor was observed i n any of the above-described experinments which confirm

t hat hydrogen sul fi de has been scavenged to maxi num possible | evel and the

concentratign of yiydsRIGMcHbdab&iging! dddfR¥ dsTeidifed By YB63f, ReRerdis smggl 1 gi bl e.
Claim 1. Hydrogen sul fide scavengi n(?&addl tive capable of scavengi ng
Py

hydr ogen sub¢lyetbylene glyents CiMoaselbgte PEG hatieg moddculsr aveighhvarniged
product s whwaﬁ ABb &t 2‘669@?&@ Rfoo%iftédégg:feg&‘??ﬁ%%ﬁoﬁtrzem&& ffigf.bon even at

aci dic pH w thout causing touling econposition problens, wherein the
scavengi ng additive consists of al dehyde and pol yet hyl ene gl ycol [PEG, and

wherein sai g al dgh [ i€ aci.d, -k . f . engi ng
addi tive asq‘cl ai ﬁ\‘éac/fg i %lg‘#ér/ngcﬁé"\%ﬁngraedldﬂwgaal%ac lé%gégﬁggﬁ'éwadbﬁ Pi"\?g’gi%:{onsi st sof
gl yoxyl i c asdaslenging; addijtile agagists of 99 gdatssefaldehgdentg laptdt df PEG aad ¢lpartndfd i n
claim1l, vvhe@ei :a sa%&j ol é? yl ene glycols (PEG is selected from PEG

havi ng nol eddfiyde S\, g ng from about 200 to about 1000 dal‘ton,
preferably from about 200 to 600 dal ton. ‘

5. Hydrogen sulfide scavenging additive as claimed in claim 1 or 4, wherein

amount of PEG in said scavenging additive varies upto 20%.

6. A method of scavenging hydrogen sulfide in hydrocarbons, wherein
hydrocarbon is treated with scavenging additive consisting of glyoxylic acid and
polyethylene glycol [PEG] and said treatment forms water soluble scavenged products
which get separated from hydrocarbon stream even at acidic pH without causing

fouling and decomposition problems.

7. A method of scavenging hydrogen sulfide as claimed in claim 6, wherein said

scavenging additive consists of glyoxylic acid.

8. A method of scavenging hydrogen sulfide as claimed in claim 6 or 7, wherein

said scavenging additive is taken in an amount so as to achieve ratio of hydrogen
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4. Hydrogen sul fide scavenging additive as clained in claim1, wherein said
scavengi ng additive consists of 99 parts of aldehyde to 1 part of PEG and 1
part of avoebydesie 99 parts of PEG 5. Hydrogen sul fi geTaNzMen@Rswy
additive as claimed in claiml or 4, wherein anmobunt of PEGin said

scavengi ng additive varjies upto 20% ...6. A nethod of ] ngi.ng ;hydr ogen
sulfide in ﬂg eolgéﬂyBWﬁ@?oWeggYeﬁgﬁ%39?3@‘3? iR Em{n r%é’fl éga‘:/{ﬁ? %{)%ugé%ngi ng
addi ti ve copsfesdbiynfiorafab@lty @Qoiabowdild and pol yet hyl ene gl ycol [PEG and
said treatnent forns water sol uble scavenged products which get separated
from hydrocarbon stream even at acidic pH w thout causing fouling and

deconposi tion prakh&hdd of dcavéngiit hydlogeh sitfaleeasgelnighelyidrdgene stilokisde as
claimed in claim®é, . rein said scavengjn dditive consists. of glyoxylic
g " AShSE RO b RGBSt Qe Pihouh et 1 At 6 o) m b o
7, wherein gfinell srodud@nithed ditlitbraleiahlss, vadked) pipali@. anount so as to achieve
rati o of hydrogen sulfide in hydrocarbon to scavengi ng additive varying
fromabout 1:0.1 to about 1:2, preferably fromabout 1:0.2 to about 1:1.

9. A nethod|@f sgpiEeRAl RGideYLaRESAg %H&ifibéjﬁxb@t%n@dll?' d¥agdrdif dedeAbed Rith 7 or 8,
wherei n said hydrocarbon includes crude oil, fuel oil, sour gas, and
asphal t s anthehglpioh &fegpingrygmglesont ai ned in storage tanks, vessels,

pi pelines. 10. Hydrogen sul fide scavenging additive substantially as

herein described with the help of foregoing exanples. 11. A nethod of
scavengi ng hl:dr oyenetied of sravengingykideessn seHide Juthydraearperts| spbgantialy @b n

described W4, t0&riB&d Ritk the hBIpte Pribify RIRbRS
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