Met hod of scavengi ng hydrogen sul fide from hydrocarbon stream Field of the
i nveattion: The present invention generally relates to scavengi ng hydrogen
sui phi de from hydrocarbon streans to renove or reduce |evels of hydrogen
sul phide therein, and particularly relates to scavengin% hydr ogen sul phi de
from hydr SYQPBYH3EHr eams i ncl uding crude oil, friel oifC mg%’ﬂl'?m 48,
andasphalts and refined products contained in storage tanks, vessels,

pi pel i nes. Background of the 15veration; The toxicity of hydrogen sulfide
in hydrocarbon streans is well known in the industry and consi derabl e
expense and efforts are expended annually to reduce its content to a safe

| evel . Many Metwd btcaoneing Byfirgee subiidsdiomydipaabangtresht ai n no nore than 4 ppm
hydrogen 5i6lfide. in |arge production facilities, it is generally nore
econom cal to install a regenerative systemfor treating hydrogen sul phide
streams. Th&idd efythe @ientioppi cal |y enpl oy a conpound used in an absorption
tower to contact the produced fluids and selectively absorb the hydrogen

sul fide and _possi bly, other toxic terials such as carbgn.di oxi de and
ner capt ans. ﬁhé”"éb“éo’t“ﬁ‘f’i“% SRR s tﬁssmt“f‘f@‘f?“?%&’firf’%‘i"eﬂﬁ@“% ggﬂsed in the

system Typihg@bcalydrsageis 8 ubtivder adincs Ridloof iptogen allshidentbéreideand

al kanol am nes,. hi pdered am nes,. and .the |ike. Howeye C roach is not
econoni cal | ya'?‘%"ﬂg[}bfeéat‘?so ° FEVEETP [}gﬁ{ogg} 5'8@"%‘?1‘ frgmy ?{}'e#?fa%gn Ftﬁ&{sﬂﬁal I

produci ng fiielding chaik otlefiel ciipsoengassindgepholis aad fréfmbd producisreostaimbd inpr oduci ng
fields where reg ngrat_'\{e sSystems are not economcal, it is necessary to
treat the sdiif® §B ol DoRPHIGluct i on with non-regenerative scavenge-m  of
al dehydes to renove or scavenge hydrogen sulfide was reported in nany
patents. Maijl | i udi ng fornmal dehyde or gl yoxal or formal dehyde
i n conbi nat i%ﬁ%g‘chﬁl‘e%%‘ﬂeg@dglﬁglé'hydes or glyoxal in conmbination with other

al dehydes have been used as hydrogen sul fide scavengers/renoving agents. In
the formald : i . i 1 conpl ex
noun as 1 ot s PEnEREH e i AERG! yainl ANERSa B ha] i hg. | n
the O & Gasd gungiderable expgnse agdeflony g expraded asgey tatervrs its e @her s for snal |
plant hydroggg @wl.fné% TSR rdaitd pibQln® hOW cRbAURS modd Alehydpmbased,

nmetal | i ¢ oxi de based, "caustic based, and other processes. In the renoval of
hydr ogen sul'®firggentsylfiden- r egener ati ve conpounds, the scavenger reacts wth

t he hydrogen sulfide to forma nontoxic conmpound or a conmpound which can be
renmoved fromthe hydrocarhbon. The US patent 4,680, 127 LUS' 127]. reported use
of glyoxal dP lasgeRsaduetion facitins; ihiserasr!Nimore sepimcal fyappbR 88l | anount s,

whi ch resul tggden ffoﬁﬁ&‘ﬁﬁ@%%’di&eﬁfsuhyﬁé QE@mMsSTheké @ty thgicatly rgnpliter sol ubl e
products, which were stable

only in alkaline of, abpout . 9 nd deconposed
in acidi c pHCBPOUAYSEd A a5 a'PSB"ng’%th?WQ °§‘Hf°ﬁﬂl°c§ﬁ°|jf"8ed6ﬁ‘6cgla H%ef"’ﬁ@ 127 was
provi ded by ddSrip e @pdroddn.sulfidOSR, p3kbly ifer8ekd] matkriatdsuclepantbeddiaside of gl yoxal ,
but in very hi gh anpunt %& | east of 15% wei ght %r(ff er‘%blnyt eof 25 to 45%
by wei ght t @ GRSHaREIGr RSP SOPPYLIA LT Jen FRETRRTS 2B ERFENTTC t hi s
sol ution is dyfah. ghypioxahydiagnt aifie enpPlpoiyednatanialeinylutié gitkaastavintss, whi ch

al so nakes the proocess hi,ghly uneconomcal. Additi I f this

net hod i s tHH’EdeFefi aPURERy 3nd %?erﬁ/'ﬁﬁag%‘?'evf’rn? GB?rgacgr'so%pﬁggog?m\%%ﬁgﬁ%eﬁlg prone to
get deposi t efdr denelbfreenv etsgeaif s fielddr bamskkprodugingrfgldseani ng t her eby addi ti onal
anti-fouling additive will be required. Accordingly, as per inventor of
present invention, this nethod is neither economi cal nor industrially

f easi bl e andFaralevedopinent stagehef 4J8elp atr émismal] EGudEShigldsSwhers yeganesdiive eport ed use
of gl yoxal, | ' r.ovi ! Engat 1,SSi of hydrogen
sul fi de odor® \%\%‘3%%%0%%% unglfés?’ 'f}ér“%é re t&gtﬁg% &géﬁﬂdﬁ%ﬁgﬁ lr11<gi|rz1h-]vol atile.
The US' 975 dwiglsnanatgeaemtitescayemgesone probl em of fouling in treatnent of

hydr ocar bons whi ch may be caused due to water insoluble products forned by
use of glyoxal in higher amounts as reported in US 842, but only ains to
avoi d handl i g B$ pisersme. b99116§ diselbsediusehefureactionyofdildshydsnd dydsesulfideachi ng t hat
how one can ' fd [ ' t R&Ous@- - ) problem
o Foul g i O B O B et BB 1) B ol om
of deconposition of products which mayt he water sol ubl e products but
deconpose in acidic pH which may be caused by enpl oying nethod of US | 27.
Even the US 975 does not discuss US 842 and IfS"127.




Need or the Invention: Accordingly, there is still a need of an additive or
conbi nation of additive which is suitable for scavengi ng sulfin containing
conmpounds i ncl udi ng hydrogen sul fide and rnercaptans, particularly hydrogen
sul fi de i nwioheidngskencar bons by produci ng wat er sol ubl eecgonuaegpeziépr oduct s

whi ch are easy to be separated fromthe sh-eam w t hout causing any fouling

and deconmposisialderydey @RLEER or RaPhie H}Jr&epgulﬁ&‘ »Vé%deﬂ%)feé fﬁQndnS/ ipyemt.| eo:
Therefore, present invention ains pr

oV
above- descr |M@H‘yé%FWFsrf@di‘drﬂ'&fgfnﬁldo?PydﬁPbﬁ?"@‘r’ﬂ ‘!530 U?}WH? ng°?‘h‘€atb?ad| tives
whi ch hgve hﬂlﬂmﬂﬁ@umﬁhyues d?%lﬁkﬁl}ir?&ﬂgﬂmfaﬁ%n \sm\aamgldagdesﬂawbeeﬁ?m?u mh ng
conpounds i ncl udin rogen sul fide an r ticularly hydrogen
sul fide in tqﬁé‘ygf%"g&fﬁ'ﬂf)é XengerS/ ImoYine Rergts tger %%?q%’?}y‘ga% GEHE L product s
whi ch are eagyreidiobprodepsad chbidalicompiex krowin sl foanthiohdn®. gv;ntritha:wt) causi ng any
fouling and deconposition problens. Objects of the Invention: Accordingly,
mai n obj ect of present invention is to provide additives for scavengi ng
sul fur cont aBasedign corgutakndppeaningl ind tha gOih & rGisg nursal} fand 80ahB9r mer-capt ans,
partl CU| arl yre%“gﬁﬂgega\%ﬂ%eg ﬂﬁ gl’l‘%llﬁ@?}t f%g{ &lag refn@@a‘l %‘ nlgo CfBlH‘de OI l fuel

oils, sour ga asphalts an roducts contained in storage
tanks, vessedreupsiildshyderhased, metelin exidobrseds caugic basedsentothen pepessesnin s t o

provi de  addi 3“% ﬁﬁ‘néveﬁ thyafbéé’ﬁﬂmdgQ%W&Q%@%&?ﬁﬁdé the Iaaads,@sfa}eataen streans

wher ei n sai ditive reacts wt drogen sul fi de and produces water
sol ubl e scaviiffifbeihysrapen euitide iy fosm aé‘ﬁ%‘P’F‘S/“QW“‘B"éE&PQP@H‘"T’ MBiEh £38Peny dr ocar bon

Wi t hout causkRevedfsmftRitlyaRarbddd deconposition problens. Still another
obj ect of present invention is to provide additives for scavenging hydrogen

sul fide in hydrocarbon streans wherein scavenged products easily get
separated fromusday46800120 PosT 1 N espoadd L&Cblﬁﬁlﬁ)xﬂldr glyetal mnoibiastionbj ect of
present inventio rovide addjtiy. scaven en sul fide
in hydrocar b8 %LF?eaz‘}?by‘{XEéprgv I %%W)%h&@ bers'b fdy &g I"Igs)f hgf egpar ated from
the stream dutfidagy tfdimqgr\mmesslubla pobéscad, tvlich wetei smbleonlyl is @lkalimegibj @fct of t he

present inve rovide a.net $E engi ng sul fur containing
conmpounds i n@f"ﬁtgr "ﬂ’& osegh" asclﬁilqupmg%géngarrer%%pt ans, particularly hydrogen

sul fide in the hydrocar bons wherein scavengl ng additive reacts with

hydr ogen sul 4 ds%lu?i@f tgr UGesr YR B ‘?aga&‘l s%a tg&gggt Wooqu%%v\hi ch easily

get separate ream even a s tod out causing
any fouling [&lSéB@]ewludpmmrted ose giisbiokadrhwt @tmyrhlgbmn@entsatdmt Advérivages of

present i nve\%l%nq:ré%r!ﬂhy 9@3%@5%& ei Q@fo&ﬁgva&lr ABbRS ks Ok RPindescri ption

when read in conjunction with exanp are not intended to limt
scope of pr emellem jof{hinsolusian 'Sﬁ%ﬁﬁ)“’}‘a'o‘?as fihbe pARIeYSH ii® Hery WahremouRst o over cone

above- descri hgeh Ql"s@b:'xaﬁégsth@fereksoﬁlglﬂg tun@d&ﬂorﬁx@al 2AhiBHE1 PREMA- sleter | bed
obj ects of the inventi found that when an_ hydrocarbon

cont ai ni ng sAFthesis thahibEssligdn waten ‘Biﬂ"ﬁ& Hﬁ‘}f’d?tédﬂ?f;h% RreRfdo sehdEResiRdans i s

treated w t hinQher@i¥ls lafid @ieoultnl @nchiyiflg meesy Siditibhat @nﬂ-@umgwuemg@d.nand t he
scavenged products thus forned are Pfr sol.ubl e which ?Xﬁm?] Iw%(th%et separ at ed
a

fromthe hyd‘i’eoré%ﬂ"ﬁﬁr@cé‘?fg‘l’iglé’tasa?ﬁﬁ gysatch H’ﬁﬁ“tt'ﬁ‘ﬁfm‘g‘ fisgm usi ng any
fouling and eegsmiROssrindaRrifllyFeds®Eand convenient.

The US patent 6,666,975 [US’975] also reported use of 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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The inventor has further found that when an hydrocarbon containing sulfur
conpounds i ncludi ng hydrogen sulfide, nercaptans is treated with
conposition consisting of glyoxylic acid and pol yet hyl ene glycol [PEG, the
capability of glyoxylic acid to scavenge hydrogen sulfide surprisingly gets
enhanced t é@ﬂéﬁ’?er extent and the scavenged productP§TIY P fed remain
wat er sol uble even at acidic 4 pl-I and .get easily separated fromthe
hydr ocar bonteashéng that hewi efeccap pehievs fydroprat sulfide seavapaintotithwb SR any foul i ng
and deCOWPOFIioBlieﬂrbef&ﬁﬁh%h & Sufd! by enfpltgingrmasiRAtofiUY/SNtdnem) r el ates to
hydr ogen sul fi de scavengi ,n,g aqdi tive ich scavenge%@/dr&ﬁenwwl fide in
hydr ocar bongroBym frderHppoiiPR of Sedumty Fhich RAYNTeHHr WP oMK get easily
separated f B?%Binf)@;@ immgmawmmmeymaa@ed &ﬁtr:iﬁlﬁyi@-l\r;\ghdi dftust rhzs. Bvwo Wi t hout
causing any foul ing and deco ti ens, erein the scavengi ng

addi tive coH?iLgtdgsg?esé'P Wyﬁe@i@& aﬂ‘gp§g%ﬂyl ene glycol [PEG, and wherein
al dehyde is glyoxylic acid. In one enbodi nent, the present invention
relates to %ﬁgnlﬂsunltfoi de scavengi ng additive which scavenges hydrogen
sulfide in BELBERS DY forni ng water sol ubl e scavenged products whi ch
get easily separated fromthe hydrocarbon even at acidic pl-1 and that's
too wit hout ASalSibd) (Y il Bl o i &8 AGRATRABbinonRIrABAiEIBwhiRT i n t he
scavengi ng addi tiVve consists of glyoxylic acid, In one enbodinent, the
present i nveyitebleforarayenging wifsscon@ginigirmaosds eludiag pydigenydisq®d sul fide in

hydr ocar bonsyerhgfsehiditih QG RIcRANRel AR RArothibbns inggvaasidi ti ve
consi sting oferc yg’xgl ilc afgi zf%d E)ol ;e‘t hé“lrg)gle gl cSllgaj SE% and said

] 0
treatment f6?lee frav@eePNsiseViehAie B &P P ARIES o, ¢ Wyt y separat ed
fromthe hydsemaafoBuisis@nd &compostios plblemd that's too without causing any
fouling and deconposition problens, In another enbodi ment, the present
i nvention &so relates to nethod of scavengi ng hydrogen sulfide in
hydr ocar bongropiig thesolv¥@ bpiRMbantibes treated with scavengi ng additive
consisting of glyintylic acid, and said treatnment forns water sol uble
scavenged products which get easily separated fromthe hydrocarbon even at
aci di ¢ pH amntlerefoss pesehoiavanitibd eidts acprosiding a asiytidhao hbave-desadbed @giglingosi t i on
Fable H'S, Descr.i,pti,on and Pref . i f I jeon: I'n
accor dance W “ﬁ"ﬂrpé%bgerﬂ gY RVé”ﬁjf"lggh{ E‘ﬁﬁ@%@@%@g@%%ﬁl ??‘g‘g“’sﬂg\é@gﬁj i ng
conposi ti on fors savengingr ghlfir | eontioiz wempayndso finchidiie hidieogam dsuffisie yadhy | ene
gl ycol [PEQF Wﬁ& eln,: LS o dh¥OxYhé Gyd&dafbons b pRAGRH, w th one
of the enbodi e tlgs’ 3%“‘%‘%‘% e%{a??g_hl\?/éntl?/eon, tﬁ)é glayo?(syI)lpg acid is one which is
avai | abl e coniele siaabrizgd predhaisiivhigh greyessoy 1o ke sedreredifron thobydireteion. 1t may
be identifiednds SR 2ABnclmd AecomBos R BFdRRcE W th one of the enbodi nents
of present in§/ent| on,g%e po yet%cf/)l (Ba(r)le g?ycol s (PEG may be selected from
PEG havi ng nol ecul ar wei ght varying from about 200 to about 1000 dati on,
preferably fanmeied medicho 600 dalton. However, the inventor has found
t hat nol ecul ar wel ght of PEG does alter its capability of scavenging
hydrogen sulfide [Table - 1], but when it is taken as a conposition with
gl yoxylic aﬁA%okh@lyﬂﬁhilﬁ;ijg&ro gi&mnvd?il‘bfi imtpr@.ﬁde%digt'é‘s forpabhgding y of
scavengi ng hydrogen sul fide [Ta - : accordance wit resent
i nventi on, tSH@”‘rca't‘ti"ﬂ'“éFOWP@“%%'HﬁB‘ﬁ'&ﬂygmé%" %8&%??“&]1‘?"?@3"'& engi ng
conposi ti on 1gfiropdnes@ide ih NNE Rjdrevarbsay inclsdibge tivee Bil OBelpailst souoaslasehyde to 1
part of PEG and 1 par f al dehyde to 99 rts of PEG, The inventor has
f ound t hat zﬁal?ma Fetllgé%"vg‘f% ‘i‘?éta't'} 8 s@ﬁ@?%ﬂ“s@é??@nﬂ?ﬂ’é“’%onposi tion of
present invention is sufficient to substantially enhance scavengi ng
capabi lity OLno%leY(géth Io% pr%(s:elngI invention is to provide additives for scavenging hydrogen

sulfide in hydrocarbon streams wherein said additive reacts with hydrogen sulfide and

produces water soluble scavenged products which easily get separated from the

hydrocarbon without causing any fouling and decomposition problems.
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In accordance with present invention, in carrying out the method of
scavengi ng hydrogen sulfide in hydrocarbon, the scavenging additive is
added to the hydrocarbon or gas streamin a concentration sufficient to
subst ant i awboyomaassenge H2S or H2S and ner capt ans t her etGI/INRG10/60928r dance
with one of the preferred enbodi nents of present invention, the scavenging
additive is added in an anpunt *so as to achieve ratio of hydrogen sulfide
to scavengi ng. addi tive, vartyi ng fromabqut 1:0.1 tg. .aboyt 121:‘/62Ii .r%r ef erably
from about 15U, nofhst QBiget Of1 Present {vertian 13 iy PIRYISF FILIESNOL SFREIR™S t he
scavengi ng agdiokén sulfide I Byiiedthrbb ¥@dinis Ovhersiy sdagengett eobdresatasily geif t er
dissolving in a s vep\;[ %el ﬁ’ét ed f{]%r&cal_frut ual solvent or water, and may
be inj ect ed B UEHIARIE BrAPcpaRen AN R g by a chenical injection punp or
any ot her mechani cal means for dispersing scavenging additive in the

nydr ccar bon of, AYREOSHERR FELR2Muendb? i858 USHRLCRINPRCIP schbifpiy of erred

. Tt il
embodi nents 6F Present 1 nven e scavengi ng additive of present
i nvent i on nalydivger mplfidst @dhydnocaien fsirepms| Wheeain iseevenged Pofucie 638l #ffent st age of
afield or i ' Ny RerAS cont ai ni ng hydrogen sul fide
may be passe%m?ﬁ?doﬁ%rﬁ{hggéﬂ% soFlel) t?l%)ﬁl%feggg‘rdu\%\her ei n scavengi ng additive of
present invention has been injected in case of |large production facilities.
The scavengi fygs adfliol dnVjcd ek B plagslt Blverdib® ELRbvilld1Y @ithio® forByvetigingused in
scavengi ng hydrogen sul phide from hydrocar di.ng crude oil,

.S ] i b st eamsincl.l
fuel oil, soWHuLERINHFFOREMILT ‘E‘%‘“@Pﬁjh)id&’fgﬁﬁ’gfpdﬁ% ﬂﬁrf%pu@&ﬁ?‘g'ic'ﬁ% in storage
t anks, Vesseﬁﬁlrofﬁi REKiHN 68 .theEXRTaMOhs, WiRrepr &aesmbing ndeitivé oeucts swihow descri bed
with the help of followi ng exanpl es, jch are, not, | - imt scope
of present i WFESER B‘I‘l%“&oﬂ{‘} MY 8esb‘§§?{ Sion(gfc?rsﬁ%'ﬂ\gtegaﬂidgaﬁwﬁ{t}gtee rg%l%%e!advant ages
of present igpaned Gomahdstizentevernadecilis phethhttsr toe withouT laeusinglanpddulieg exanpl es
al so dermnstgﬂ%tde sur {.i Si rlgrﬁ-:-sffecti veness of scavengi ng additives of
present invefiti ST MR TS conposition consisting of glyoxylic acid and
PEG or glyoxylic acid. Exanple dyoxal RS H' S scavenger A solution of
gl yoxal in ( ter . o apent in the
oo ontt | B ﬁbﬁ%%f%"?’%%ﬂﬁ%&%?ﬁﬂ‘iﬁﬁ@|"§’ t*@@ﬁ'?‘ﬁ%@'ﬁ?’”fﬁ%’ﬁgh this sol ution
at about 30Cthkdollemtiegtesdiption twhem read dib sernjunstiont Wish examples.oViieh 8% ™t ar t ed
turning turbi t.er. L0 S sparging. After 3h, water was
evapor at ed i'r?qeé'ggdc}gcﬁa'ﬁﬁg‘t%%g t&&rﬁ@&'grﬁeh\ent al analysis of the oven dried
sanpl e showed about 30.52% C, about 3.65% H and about 2931% S. The oven
dried resi du@nu‘ﬂﬁ:%rf&‘iﬁ@ln@?ntﬂﬁ: insoluble in water and nethanol. This exanple
confirns that glyosal acts as H2S scavenger, but results in water insoluble
products, which for the reasons described herein above are not desired.

Exanpl e 2 Gyyi@*ithit6 ofeéotheabovdiicSsiBMERTSEms GD{Riophie add washiewepbateed but with

gl yoxylic acid so as . to have 5% gl yoxylic acid tent. |t bserved
that the sol descuhedoBises Ak °é‘l"8‘51°g’e‘5"ew¥?q“?rlha§ ﬁgndgtﬁg Wj}e"ta?lgyde“;’/(%%?l?rrent nmeans
for 3h. The ghfimft dlifuRBehposhds itdudidgehytrogen slifidednaeppheisshamtditabout 23. 58%
C, about 3.81% H. and, about

27.05%.S, and the en L. | was found
to be sol ubl 8YP¥Iicidr thy Hdrﬂ%ef'l‘?ﬁﬁfgf s sfﬂ‘feggegxae'{%tfeesc%h%? rprr n(gd% {;tggﬁl gl yoxylic
aci d i s capalgrmedbreswataraplyblagvhiidhesadily st sdperated fiopr ths hydgpoprban exearad
concentration. f oxal it re [ I r . cts, which for
t he reasons &8§§Pﬁt?8‘glhﬁteﬁ§8? ‘H'ﬂé%%(\;?éwéé%y %él%g.de‘%ﬁlgy%@rpg%' can be

concl uded that the behavior or mechani smof glyoxylic acid is not sanme as

of glyoxal. Eﬁ.@ niR\Ile%to?: haEEﬁi"rtﬁ’é Poﬂnd hl%t SGRME AP §drocarbon 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 | was repeated but with PEG so as to have 5% PEG content. It was
observed that concentration of H2S was reduced but very m nimal confirm ng
that PEGis not a good 1-12S scavenger. To further confirm above finding

that PEG is not a _good H2S scavenger, efficiency of 1 m of _PEG 200
PEG 400 a%oﬁ%ﬁ‘r"@@% was neasured for 1000 ppm of H2S gg%@gﬁf%ﬁﬁsgn and was

conpared with a blank solution prepared with same concentration of 1-12S
but wi t hout pRE®Gd @etckasiyssepaatertifrorh dhe fidfocarbemenyn pnistdarid @ndhets PAcr ease in

nol ecul ar wej.ght of. IsGhepSkew@s very low, and hence, PEG
coul d not be 1accé%ts'é]gggsfo@g%ﬁ%érll&ggrflgdgﬁdﬁﬁgd]ﬁst'ri ally applicable HZS’
scavenger [Table -11. Table - 1 Experinent No.-1- Additive 11 Expt. 11

PEG- 200 i i i fen ytk id
conbi nat i o%tf”or% %/lgi% ?%Qegmggﬁgjrggt&og%rlo gﬁ(%ﬁgggjﬁyi@dy%cg%anggd
[

Wi th presentwhighy &ayanges: hydwgemybidgelt Bidraepgens g eg"éf?bisﬂ s conduct ed

by partial | ¥eaaided piciids kREDsRREsiQiskpanitdd ol 88 hgdrscagtion repomattaeirjoer at ure. The
concentration of 1-12S i nent i one

: S d f bl. i
and.was. i ELAHGHCF G WIEH BUBATRINIR Hgoraen el e RRkgHe ZUETE

sanpl e was agdedvdnping atiditvesanpibte obafdtiiyds and pelydimidne sslyceBEGdoadai ni ng a

scavenger sgﬂgl e,qugg}r,q%éigakepc an&j the concentration of H2S in the vapor

phase of eacH*°BYt WEALUAEY with ci apsed tine (at roomtenperature)

of about 20 h using dragger tubes. The blank test was conducted w t hout

addi ng any scavengin diti A ' [oRt=Y isPave@gdy experi ment
is 50% dil u'?ré 'T%s‘a'g\'g_(\)/(g?l?lg’b{hé p\ée%%}iﬁ\%{l%t{%ﬁc{srﬁg hggfg%é';%gge p?lrshoduct S fgr ned
vere found taddities whittescawogashydrogancuifids & hadrsparions Bptraing yaiensoiithlfeous | ayer

even at aci Cgc&eﬁléég pr%H&£ @hicﬁ |é'e:t CIQB'I é%pdrdted from the hydrocarbon even at acidic
pH and that’s too without causing any fouling and decomposition problems, wherein

the scavenging additive consists of glyoxylic acid.

In one embodiment, the present invention also relates to method of sca.venging
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 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.



[ Concentration of Hydrogen sulfide is 1000 ppnj Expt.

Expt. 6 1 Product Blank 1 dyoxvlic Acid 1' i dyoxylic Acid Dosage ppm,

1000 500 500 1 % Efficiency 82 60 92 90
WO 2010/128523

No Expt. 4 Expt.

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.

5
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Expt. 7 , Expt. 8 1.61lyoxylic Acid/ PEG 200 (9515) i dyusylic Acid/PEG 200
(90110) 11 500 From above exanples it is observed that when

gl ﬁo;(]yl i cf?_cl_d is ta:fen wi thout PEG it acts as hydrogen sul fide scavenger
an as efficiency of about 82% at 1000 ppm dosage, but _at 500 m dosage

its effi civié‘?lé(ﬂ}"’ilzﬁg%?s | ow as 60% for 1000 ppm of Hydr oé’gﬁ“@{?wqo&%? Howevgr,
when 5% of PEO 200 is added to glyoxylic acid then surprisjngly

subst ant i al ly aeseraRediteont of ditciyremed suppdimes el PEsFnb YRENteR: B80 ppm
dosage. ThesgvExRRlAdBaM S rQb:iifventiodatayWeNQecyddii€ R lings Mydseagen sul fi de

scavenger, but comrbi nation of glyoxylic acid PEGis s istic i
nature and <SevePMEntniIss Achiidd 08 s ghal Frdpciry gagsnlﬁ’éﬁﬁeia%ase Fﬁg{?ﬂléﬁc;/cei/gn at

hal f of the pg@saaesulide GhayObeydabsed albickh anTédrrtidrl tower wherein scavenging

additive of present invention has been injected in case of large production facilities.

The scavenging additive and method of present invention may be used in scavenging
hydrogen sulphide from hydrocarbon streams including 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 HS 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 continuously through this solution at
about 30°C for about 3h. It was observed that the solution started tumning 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



[ Concentration of Hydrogen sulfide is 600 ppml  Expt. No. 1--- Scavengi ng

Additive - DAosage ppmc Efficiency 1 [Ext. 9 Blank . | o 1 Expt, 10
A yoxylic Acid 500
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 HaS 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 H,S scavenger

(Table - IJ.
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




? 42 | Expt. 11 Gyoxylic Acid/ PEG 200 (95/5) 500 --? 95 |. Expt. 12

A yoxylic Acid/ PEG 400 (95/5) 500 1 93 From above exanples it is observed
that when glyoxylie acid is taken without PEG its efficiency at 500 ppm
dosage is as low as 42% for 600 ppm of Hydrogen sul fide. However, when 5%
of PEG 200V@112888G- 400 i s added to gl yoxylic acid t RERTEFEE ng y
substantially enhanced efficiency of 95%is observed at sane dosage. These
experi ment s Blas@lecrElyoxylit Aeit aad rbmbiakticanofatlyelylioxyitl iaad 2EQasaliis$ PEG i s

Z???E?Lﬁi;,c&%ﬁ{"?e}su{ﬂ%@ogg %gé‘ﬁhé?%g@a%vgggom:eves substantially enhanced
The hydrogen sulfide [H2S] scavenging was conducted by partially saturating
kerosene oil with H,S gas at room temperature. The concentration of HoS 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 II
[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.



Table-1V 1 Expt. No-1 Scavenging Additive% Efficiency 11 Expt. 10Hydrogen
sulfide is 415 ppm dyoxylic Acid 237.5 1 ' 72.5 ppm and PEG 200 12.5 ppm
, .. ", ... Expt. 1llHydrogen sulfide is 265-pMWh, dyoxylic Acid 71.2574 ppm
and PEG 20@03oim2¢sn Fr om above exanples it is agai n olganyaododobsst when
scavengi ng additive of present invention consisting of glyoxylic acid and
PEG is taken, the efficiency at 450 ppm dosage of H2S is as high as 72. 5%
just for 250 ppm of scavenging additive of present invention, and at 200
ppm dosage of H2S it is as high as TaIllust for 75 ppm of scavengi ng

additive of present inyggfckfRatlRIPHEERNIURRAY i908ppane hal f or one fourth
Lfide |

of present additive is sufficient to scaveng . n
hydr ocar bonsExpri¥e- apjcifavesgige Mdaine s confirm t RespeyPRb X vh EERCIEORY |i s capabl e
of scavengi NgpH3S DY MEfRAUCT Ng Wat er sol ubl e[ products,| howaver, |when it is
t aken al onglwith ver Hts

vy _spall —anmount—of —about
ef ficiency t%‘%é%veng@ng"éﬁ‘fjpri singly incregase 0subdt ant 4l | y |confirm ng
syner gi sti c| @ipt.e¢t OiGISG3MEAEUPBGR0BI(95I5ye Of | presmwnt | nvengs on.

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 H2S by

producing water soluble products, however, when it is taken along with very small
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Fromthe foregoing exanples it is also clear that with hydrogen sulfide
scavengi ng additive of present invention and nethod of scavengi ng hydrogen
sul fide in hydrocarbons by enploying additives of present invention, one
can now a ogen sul fide scavengi ng WthOnt f obl em of
foul i ng, C\Qg%ﬁg’ﬁgéeg%w thout requiring addition& anti - Foaﬁﬂﬁéﬁéﬂ@ktﬂ ve, and
kl probl em of deco Sltl on_of products in acidic pH, and hence hydrogen
sulfide is §‘E‘B§'l‘a°r§t b3y & e w8 55 Hssﬁ@ww@n%%veasﬂ 55 symrisigy, no

el i m nati on igfealit diitR@eIMIIS Wbdfirel Rig QpiRFgista ST SBXMRRLihdadatye Of présd@ above
descri bed exlperlrrent s which confirmthat hydrogen sulfide has been

scavenged t 3 "mum possi bl e | evel and the concentration of hydrogen
sulfide, if any in the hydrocar bon is negli g| bI e Claim 1. Hydrogen
sul fide sca it ab f yd en sulfide in
hydr ocar bon\é:?(gglt}@%%gg éxa '%?R lg? g'e%éga en e Mot [f%? S“UHISER are capabl e

of 5 getti ragdlsweepaf altﬁdltfmmmtlhydn(boaﬂhndnot\#@ingalg h}zﬂwgeo pHidei inhout causi ng
fouling and tive

consi sts of hgﬁg%?bgyb;éng'gog 3 ﬁl%esne g Sg‘lggf‘%f] Ezgﬂgh%e@ﬂlwﬁ sai d

al dehyde is hgqlrysmwliﬁée %@eveagmg zlthqtry&p@gehprghlm pEiukingasneirhghargriddeti ti ve

capabl e of sgRwR gddﬁﬂiom %ﬁgﬁﬂm%lﬂdﬁh@@ dnd Byﬂ%ﬂ%r&oa&opﬁfoﬁtﬁﬁ ngg vat er

sol ubl e scavenged. products are capab getting separated from
hydr ocar bon PSS i acigk Rif-@ng benge hyisesen é‘&ﬁ@q Hé“‘fsﬁmlquﬁgicaa’ﬁ%eéléb%?poa tion
probl ens, whe#gitnfhe scavengi ng additive consists of glyoxyhe acid. 3.
Hydr ogen sul fide scavenging additive as clainmed in claiml, wherein said
15pol yet hyl ene glycols (PEG is selected from PEG havi ng nol ecul ar wei ght
varying fromuk, docelikddBortlal Kydfdgen sulfide odblywiisa@esiveduh binder (B€aoengi ng

ddi t 1 i d palyet hyl I I PEG
cel ect od 11 SREREE RAUTHGE T iR Bt BBkt DR FdFrorrais 500 danon.
5. Hydrogen swkimute pessialecagl ngd dddionteveatids of|hgdogd Julfide) Hiany]n thsherei n sai d

scavengi ng i ts of 99 parts of aldehyde to 1 part of PEG and
part of al d@ﬂﬂa&‘*@g 59@”]? BQ1‘fs of PEG
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25 6. Hydrogen sulfide scavenging additive as clained in claim1l or 5
wherei n anount of PEG in said scavenging additive varies upto 20% 7. A
nmet hod of scavengi ng hydrogen sul fide in hydrocarbons, wherein 30
hydrocarbon is treated with scavengi ng additive consisting of glyoxylic
acid and pol yet hyl ene gl ycol [PEQG ?ﬂﬂ said treatnent fornms water soluble
scavenged products which get separate n'fromhydrocarbon stream even at
acidic pH w thout causing fouling and deconposition problens. 8. .A

met hod of scay i ng hydrogen sulfide in hydrocarbons, erei n hydrocarbon
s treatdd w tHORESH 1%@%@83%@@31@8%? f%f ChveREeRHdreca srididsai d
treat menty, {0808 WEShy FAMHRY G286 VKPR gy GteRI FhcRGe SpRAEaKed from
hydrocarﬁén9str%én1e en at acﬁ%?c pH %ﬁ? g%t @auging Sul%%%ﬁand
deconposigtitiog separbied fsom h§drokarpen koedn af asidave gvitlguh wausoge fouding fande as
claimed in claim7 or.8, wherein_said scavenging additive .i.§ taken in an
Aot s Jo R e AUE AR TG Ut TRy P U St e sHy h BUPBATHo
scavengi @&y@dﬁa&b\g@cuﬁgmcgqgaﬁd WRrdinQall I@hldéis glgoxylie act), met hod of
scavengi ng hydrogen sulfide as clainmed in ¢claim7 or 8, wherein said
scavenging additive is taken in an anount so as to achieve ratio of

hydr ogen ,sul fi in h carbon. t o .scavenqi dditive ,varying fraom 1:0.2
tr 1 ey e R S SR AT P e st B AR "any e
of chai mén RydrocdkBonshie F@ining Rlatkr RYRIbRCALRGIZd PeddudBSwEiENde: Giphblefafel oi |,
sour gas, and asphalts and refined products contained in storage tanks,
vessel s, gpitipglseparsted fiom hydecaden evem ff aeldiccell enighang caerdig fapingng| ai med in

S R G L W DS R

as claimed in any one of preceding clainms 711, wherein

8= Hydrogen sulfide scavenging additive as claimed in claim 1, wherein said
15  polyethylene glycols (PEG) is selected from PEG having molecular weight varying
from 200 to 1000 dalton.

4. Hydrogen sulfide scavenging additive as claimed in claim 1, wherein said
polyethylene glycols (PEG) is selected from PEG having molecular weight varying
20  from 200 to 600 dalton.

5. Hydrogen sulfide scavenging additive as claimed in claim 1, wherein said
scavenging additive consists of 99 parts of aldehyde to 1 part of PEG and 1 part of
aldehyde to 99 parts of PEG.

25
6. Hydrogen sulfide scavenging additive as claimed in claim 1 or 5, wherein

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

7. A method of scavenging hydrogen sulfide in hydrocarbons, wherein
30 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.

12



scavengi ng additive is capable of scavenging sul fur conpounds i ncl udi ng
hydr ogen 25sul fi de and nercapt ans.

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

5  problems.

9. A method of scavenging hydrogen sulfide as claimed in claim 7 or 8, wherein
said scavenging additive is taken in an amount so as to achieve ratio of hydrogen

sulfide in hydrocarbon to scavenging additive varying from 1:0.1 to 1:2.

10
10. A method of scavenging hydrogen sulfide as claimed in claim 7 or 8, wherein
said scavenging additive is taken in an amount so as to achieve ratio of hydrogen
sulfide in hydrocarbon to scavenging additive varying from 1:0.2 to 1:1.

15 11. A method of scavenging hydrogen sulfide as claimed in any one of claims 7 to

10, wherein said hydrocarbon includes crude oil, fuel oil, sour gas, and asphalts and

refined products contained in storage tanks, vessels, pipelines.

12.  Hydrogen sulfide scavenging additive as claimed in any one of preceding
20 claims 1 — 6, wherein it is capable of scavenging sulfur compounds including

hydrogen sulfide and mercaptans.
13. A method as claimed in any one of preceding claims 7 — 11, wherein

scavenging additive is capable of scavenging sulfur compounds including hydrogen

25 sulfide and mercaptans.
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