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METHOD FOR.PROCES VWH CH REMOVES HYDROGEN SULFI DE FROM GAS STREAMS Fi el d of
| nvention This invention rel ates processes and sy 2003
removi ng hydrogen sulfide froma mmmﬁmm m More specifically the
invention relates to inpr overrents rocess and system wherein
hydrogen sulfide is renoved froma gagé@‘é@ stream using as an oxi di zi ng
agent a nona¥f@@¥7Iscr ubbi ng 1iquor in which are di ssol vé¥T&EP¥1§i%and a
reaction-pronoting base. Description of Prior Art In the jpresent inventor's |}
United States Pat M§%§D@Q@§E%&§[%M%Tﬂ@9% PROGESENt i re di scl osures
of which are hSVHEGHREMOYESHYRROGENSULBINEFROM GAS STREAMS] system ar e

di scl osed which use a sul fur-am ne nonaqueous sorbent (SANS) for renoval of
hydr ogen sul fide (H2S) from gas Wrsuant to the said process, a
sour gas streamcontaining HZS is contacted with a nonaqueous sorbing :
| i qguor which conprises an organic solvent for elenental sulfur) dissolved {
el enent sul f i es t ting HzS
cor bed EoiesrsBies ety o bRl Wd s bl 6P B o ERGleh SIAGRRFL 1, 12
sor bi ng gasequmstr,eam,nwmmgaﬂy (hcsmfcnthinlrélztem ilngrevdimenta nrchkrmwa\pmbs abde
formatlontof d ‘which.can tend t separatelnt a separate

i scous e REE ok uftos em R PR A S CoRBRGE P B Pl or bl y
wat er i nohagabdis aqubtingliqubf i@ whichdreatidsolg@Ssuliineind a vatth-psahdtinp assal t s are
desired to be renoved. Hydrogen sul Fde (HAS) gas is sorbed into this
sorbing liquor where it reacts with the dissolved sulfur in the presence of -
the base to form pol ysul fide npkefipidasfPdbiftreacti on decreases the

equi li brium vapor pressure of HzS over the solution) thus providing nore
efficient scrubbing than a physical solvent. The liquor is then sent to a
react or e peesent frivemtbed United Statts PaEntt NOE 3,733 31 OMiddeTds 84 @id dawet he

pol ysulftde forrp reactions to r Sch the desired de

conpl et {d5flofures o thgfearet*tc Yf'ﬁmaMﬁ'a& prefrmee: mpgfgtﬁnﬁﬁgﬂée%? disclesed 5ol ubl e i n

t he sor b vsé Si0fur-adiine mﬁaa@eone@ﬂteﬁtr(smbﬁfot kefHiaQ41 of hydvdied gmadcr(ﬂm ner at or
where the solutlonls oxi di zed (e.g., by contact with air), formng

di ssol vAmegas sEams Pasyantip thesaid REpcess. 2SRk &2 stregmicppjaining By A centacted 1 j ect ed
from t heyifQlndhdqReoud sbBRE liqesr Whikh comprikbs ahUMEhRICYK0IEH Bor YRmRIREAA]

PCTI US99]1 16500 2 as_an_ 1 nsoluble liquid | ayer or as water vapor exiting the
over headissglvedislemeagbspdlin pp pregic bass whigledrjves e geaptiapservarting Ebyforveddy| i quor,

Whi ch UphetiRubrth & nBiNioBikite polySiififid Wik sd18b18R the Bivihgl1BorSatldfat brgafic SOl Ution, is |
then lowered, formng sul fur crystals, which are easily removed by gravity

set t | i ngolubilizing agenomichurseieents thedermation QfipRlysul Bde-ailulrieh Gaa fpd ko sepasata  Enough
sul fur tlesmfatbsw@bmﬁtmdy& ¥ ali\@ed!th FAAT Tt.@totmg moﬁ@@@fe% waat&f the sul fur

crystals that when this solution is reheated urned to the absorber
for recywpiuplgas thistaftsrsdyantages whereswateriselilelp saltg prsdptiredfo bsggmayed.i s present to
react w f

ydr ogeny P e Py o 1 R T A SRR S 16 and
5, 738, 83ﬂﬁpm@ﬁpr§sm¢m@f thet tiakq to form patysul fidropelscudesr Bliniteadtion desreasesisr i si ng a

sol vent [ | Ci ent

t enper at {ij"?lgdds&o ggt‘g %8 éﬁgﬁlo:‘v %r?{h{%gugg%%% gkigl%z%{ry%%%%?gce@%%& i'n the
hydr ogen pbysichl salyeatb Jbe beuor csrthansextt kea railqtorsﬂwaregeﬂicuewge;nmattme ipprotidel syst em
utiIize ut .t he ¢ess The .s vent aIIy can have a

sol ubi 1 it J“%?Votgeagsuﬂ'ﬂﬁe? ercafaon e reqeh fhe ‘{rar?'r §erree! %n G52 and in some

i nst anc esulasg iniagioneaiatde folypulfidé wmch)is sslublk itt thp@itbihg liguor. Gfrors deutacon theThe

t enper at.ur e .of s, sol.vent. rab in the range
of aboutl e ﬂa"%%eae‘egee"“@ %"8‘85‘%“&&’“ '@x‘éfﬁdf(ﬁg tfyo‘i"ﬁﬁ‘f% with 2 %‘t% ned, when
desi r ed disipjvedelelientg! dulfer dntl suaer (Whichoidi indlublepirdjdted dom-thmhgod citkgener at or .
T~is can for exanple lie effected at a sulfur recovery station by cooling
nmeans present at the station. The solvent is thereby cooled to a
sufficiently low tenperature to crystallize enough solid sulfur to bal ance
the amount of hydrogen sul |Wﬁwmﬁwmmwd in the absorber. The solubility of
el emental sul fur incr eases Sing tenperature in many organic
solvents. The rate of change ofGowe@t ubility with tenperature is simlar for
many sol vents, but the absolute solubility of sulfur varies greatly from
solvent to solvent. The tenperature change necessary to operate the process
will vary primarily with the conposition of the sorbent, the flow rate of
sorbent, and the operating characteristics of the recovery station. For
nost applications, a tenperature difference of S.degree. C. to 20.degree.
C. is appropriate as between the tenperature of the solvent material at the
absor ber/react or and terrperature to whi ch the sai d sol vent |s cool ed at the E
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96 January 2003 wo ool ost~t PCT/ US99l 165a0 tetrahydronaphthal ene, N; N

di net hyl ani |l i ne; di phenyl ether, dibenzyl ether, terphenyls,

di phenyl et hanes, al kyl ated pol ycyclic aromatics, and m xt ures1g hgiuagf 20080
order to obtain a measurable conversion of sulfur and hydrogen sulfide to

pol ysul fides, the base added to the solvent nust be sufficiently strong and :

have suffici év@oustitentration to drive the reaction of subP€uwssameodydr ogen
suifde to formpolysul ftdes. Mst prinezy, secondary and tertiary am nes
are suitable bases. Mdre particularly) am nes which conprise nitrogen
connect ed a an iabdtebieliquichlayes or | vikaten ghpog exdting3he dyverhezad of theaegeserator orhydrtegen ( but
not to ph are suitable .. 11 shouyld .be nated. hat he sol vent
utilized &3%%"8‘3‘“{%%“&3&“? iilef cﬁf'pQotglgg%m't'?)sugg;‘%er?f){oemifl?f%mtug(ﬂ'f '$h of sul fur
and hydr ogélidivisithed@oweded, GiniingGLIfis diybtald oshich diceabiporemavid by ReaviEpienting, nmay be

t he sane ound. ' The base e atertiary am ne Pol ysul fi de, conpounds :
formed i n%ff%gowegaﬂlé% 05?3?@!395653 V“‘&M‘H&Q“’Qréﬂ Flpremalas st dilerted to

sul fur by ligidr fellowindGepdiRioh OB Sl fuk b19Rals thawiteh @lis oS R islreHeRedard roiiimBd | Mary
am nes or secondary am nes. The base is_nore preferably selected fromthe

group condq e FW@*&‘T“Q‘%@P%W“%&WW&a%’tf%%ﬂmw Shestliriicmressrt to Wi ne)
N-net hyl dyRtifienipsaad ne) tributyl am ne, dodecyl di net hyl am ne,

t et radecyl di nmet hyI am ne, hexadecyl di et hyl am ne, di phenyl guani di ne,

al kyl aryl pol yether al cohols, and m xtures thereof. The base is present at

concentr a&h@ﬂ%m@é m%l;wém ﬁ,rQénMvmfay&MenQ&lﬁ&mnbﬁgﬁéougs&&mm ch()ﬁh,twt ylam no)

et hanol and nmet hy cl ohexyi am ne” are nost preferred, and are

pr ef er abl yithmysetis, 5&6 T34 patersmbuttiliatapranaqyedisserbant fiquwar camhierising @agqueous
sorbing | AQrefo olubility
for sul fu%(g\l’lé?IE %Iavlh{é E ;&@gﬁggggﬁ%nﬁﬂgg%ﬁ?@ﬁl% tg?‘# mal n[alél?%hgg t he

sol ubi | i t sulfyf fqmmhty@uﬂoes @eoqcnlt@&mmmmwommsuiﬁdmwmrhem\mwr spayged at e when

they are i%éazfqor%wge e &pgtﬂ%a RP ki yast i é}&% gyoq&nfgégg@%aﬁm agent is |

preferably ecte roup nsi s enz

benzhydr okolutglity fimmsylfuria the oqmamﬁ @ont abotex A9yth 2, ﬁsmg iwuﬂe)nstaam asthigh as 3G

he gas <PV R B ofionioh 3 e B ROE TS ro MRl elmbiiy 1 O VET

t 0 el enmenpraferably if thre. rangonwbabont 15alegmm (. tof H0aiegrew . Siflfur feemativaaey dhtained{Agheni s

Che- sor bettiryh Bk sl We At bR oo b, A 5aBBPl BRrck AT R RRAY o

bui | dup obe ttffeeteé ad a‘smtﬁlmgoaﬂw @natltsﬂaf@pdmgmnseuamt ateth¢ yatmau% salnent KCrease in

t he vi scogi ut i adredu rptlo its
pr ot onat e e'Fo’F cooletd & a%‘%mcm&s hoTPERTET & ef?%t*?ﬁ@%é’ CAte ISOhadisu&% to F ﬂaem%g’g orption
of HZS angmambsfiydmgtn suu'mzebmtmmxxttbc q:b@drkt@ﬂﬂfelsdeblhffhéelelﬁemﬂ,sulﬁh]mcreases

regenerat | rocess nmust Lib rom rot.onated form
oot o RS b et By il piutes Sp et eir R U T can
al so r esutetperatureie siftilaciot @ehydelress, biutahe abolate bdlubiliy efsutﬂm vafieH dreutle fisml tS i n
the syster Therelforeﬁlﬁsorre mear}mof efficient removal of, thiosul ﬁate and
sul fate fToOFtRECFICThe AMASH ST ATECARCRTREL © BRETAUTBF BETS Wila@r RifPag Yortion
of the sowhiite chhpdiitivalbbihe Bdrbent, fiel fiblwitatd bR dkeMSard@hd bpeiing chadlitidiossd i n t he
5,733,516 _and 5, 738,834 patents, .and is a workable nethod. In this case,

the sul f afi& FeSAYFTY Fiptoa For sost applications,adempamptyrh fiffersnee of ordeiee: GHR 28-46est e t hey

are nore g9k i&prialdiek bl@ednhife t@ﬂb@&b&% P2 sdivet iabdal & theibadrb/réaber dngansf er of
am ne fromthe nonaqueous phase if the "free base" formof the amne is

wat er i nstmperriare tpyhich die said selieng is\gaaled 3 fresuldys resagensEatiopdiut the aperiraages. | n

practi ce, difibreh cdh fnf éoﬁH Hstﬁh&s %&'lﬁle%'&gﬁé‘ d. Of AR I @ngeg%,;ea@s-p&r t of

Li qui d wat er throug out the system Ition, the need ftTor am nes and

ot her sol naaquegesFolyetispRpises Heolvent selectpdhisern this lewoup sonsistingrfds2. Bab| e
restriction on selection of these conponents. Furthernore, |arge amounts of
wat er may have a del eterious effect on the SANS process operation. ~unt+ of
| nventi on
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Now i'n accordance with the present invention, it has beeL found that. the
foregoing problens of the prior art SANS process can be overcone by use of
a new net hod for renoving thiosulfate and sulfate fromthe SA

solution. This nmethod is based on addition of gaseous annnniaw§ng%%9%®03
process solution. Surprisingly) it has been found that the ammonium salts
of thiosulfaweeaegisul fate are quite insoluble in the tilpagyRatsss SANS
solution, in contrast to their high sokubility in aqueous sol utions.

Theref ore, bubbling amonia into a SANS sol ution containing these salts
results 't@trﬂlg%h%{hﬂﬁﬁ@f‘lt ﬁm@:ﬁegynmimibmymm% Qiblihy PR érpiEnl f at e and

96 Janua;¥ 2003 00/ 05171 PCT/ US99/ 16500 ammoni um t hi osu(fate which

preci pi t adiphepylethanehalkylated pplypyclie prematiss, ad mixthegthemes 1 renmoval by settling,
filtration, or other common salid/liquid separation nethods. The reaction
(for sulfate) can be witten as follows, with B representing the amne (HB+
i s then therdsr wtobtait anleaswrabie FonvésiBh of Sififand Rydpd®n sulfidesy polg@ifides, the- 7B Si nce
no water s i | e j tion and
e anapor (oo R s el e BO RISy hidfe B HRlen AH. BB LA 07 TS
be essentthafehgtion afsulfist aidihydrpogensdifide todemepniysnifidesi Bogpritmery sceondamand/e, t he

renmoval pracess.is econom.cally favarabl e. Water sol ubl e.conponen can be
Ls6q i HESS SRS e RS et Mork BRBi b ik B s BHORFTRERF ot nor
separ-at i ab alikh@Boups, alk@adl \eedupd, beizy ¥ gréups,top Rydisgeh (biidia? ko phienyil) e @idtsble et et hod.
Renoval o thg su%%ﬁtel®nqvtg¥osulfa e wth a nuﬁégauses a decrease in
the el ectSPEdpe Redffet (il thy sgyent pielized requires e aqqjien STILRFRHBPICHI t he

sol uti on reeaeetsuMirtayid Bitogeh eufidero Forip@ySul des TR Babodnid figh sbivent sitapbelhe Of
byproduct renmpval and thus a nmeans of controlling the rate of addition of
ammoni a. SAPESTHNMEt o anot her aspect of the present invention) there is

provided i n a process For renoving HZS from a gaseous stream by the steps

of (a) caontacting the HZS~contai ni ng gaseous streamwi th a sorbing |iquor
conpri si ngreRassaneX b e dudans gnipentolyayHidg Fomneyndsifaast indbe ReTeRGPf B3 a base

consi st i NghiRsaRHilcB hloYe QfilyohRited B MRy AR dhdnsl thidreSdnbrhiidhl s%gtthaﬁftﬂoS@g_t h and
concentration to drive the reaction converting HAS sorbed by said |iquor

and r eactPARFAGORPrERARTHReRs perRfiaty AiRRs, Theapars MOFARRGRRIY Palsted Fopdla 1 de
whi ch 'S_%?lelébﬁs‘?sﬁh?ofi]@itﬁl@ﬁﬁi_ elafi OV-mefhPidicy QAMERYIAhAE N-Rethil ssol ved
nonvol atil e polysulfide in said sorbing |iquor to, sulfur which remains

di ssol vedistipnglamine; tribytylamipg. daseevddimpthylamige detraperyldimathylamiang Bsxa( a) with an

oxi di zi ngaeaa&meﬁ.gmmﬁe,rma{ew( Bhn@ine] ABHryIRBlbhaTalcoRid afli MiRRke@ibreaiher in the |

liquor fromstep (b) to solrd particulate sulfur; and (d) separating said

sol i d sulbRris Pregsin & cepsertrationsof ahoutRO NI i /M. Githe haggritsde-fANutdaBiBPY ng

renoval ffaAdiSad N-chduifbycRhedDERR dratatht PMRNES URd art treREMlypidséntand sul fate
salt species generated by oxidation of portioas of said H S, said
i npr Ovemﬁ@cee@mpq q;ﬁa]a@r_t 0.5to 1.0 M.

The nonaqueous sorbing liquor, in addition to including a solvent having a high solubility for
sulfur, and a base, comprises an agent suitable for maintaining the solubility of polysulfide
intermediates which may otherwise separate when they are formed during operation of the
process. Such solubilizing agent is preferably selected from the group consisting of benzyl
alcohol, benzhydrol, 3-phenyl-1-propanol, tri(ethylene glycol), and mixtures thereof.

I

During operation of this SANS process, most of the H,S removed from the gas stream is




96 January 2003 ' 5a adding ammonia to said |iquor at a‘point in the said
‘process which i's subsequent to said contacting of the liquor with said
oxidizing gas, to precipitate the said undesired species as am@ygﬂmﬁqzoo3
sul fate and anmmoni umthiosul fate; and separating the solids of the
precipitates s fromsaid liquor. - B 'ear f Description of Draw nes In the
draw ngs appe@dagodier eto: FIGURE 1 is a is a schematic bl gekadbsAgégm of a
system operating in accordance with the4present invention; FIGURE 2 is a
schemati c bl ock diagram of a test systemoperating in accordance with the

present i né/oﬂgérieﬁgﬁ el@rﬂgxtaYZulhlerAWéver, a@rﬁalijﬁ’aréﬂ@t{ of t@ﬁ@orﬂt\,@ I-Q,g 15Q§3d?{ed further

PCT/ US991 | 6500_
to thiosulfate and sulfate species, which are soluble in the sorbent (probably as the salt of the
protonated amine). Unrestricted buildup of the sulfur oxyanion species can eventually cause an
increase in the viscosity of the solution and reduce absorption rates. In its protonated form, the
amine is not an effective catalyst for the absorption of H,S and subsequent conversion to
polysulfide. Therefore, the regeneration process must liberate the free amine from its protonated
form as well as remove the sulfate and thiosulfate. Byproduct salt buildup can also result in

uncontrolled deposition of sulfate or thiosulfate salts in the system. Therefore, some means of

efficient removal of thiosulfate and sulfate from the circulating solution must be employed.

Washing a portion of the sorbent with water or a mildly alkaline solution is disclosed in the
5,733,516 and 5,738,834 patents, and is a workable method. In this case, the sulfate and
thiosulfate are extracted into an aqueous phase where they are more soluble. Making the aqueous
phase alkaline retards the transfer of amine from the nonaqueous phase if the "free base" form of
the amine is water insoluble. However, such a washing step has several disadvantages. In
practice, it is difficult to avoid emulsion formation and transport of liquid water throughout the
system. In addition, the need for amines and other solvent components to be water-insoluble is
an undesirable restriction on selection of these components. Furthermore, l_arge amounts of »\.rater

may have a deleterious effect on the SANS process operation.

Summary of Invention

Now in accordance with the present invention, it has been found that the foregoing problems of
the prior art SANS process can be overcome by use of a new method for removing thiosuifate

_ and sulfate from the SANS process solution. This method is based on addition of gaseous
ammonia to the process solution. Surprisingly, it has been found that the ammonium salts of
thiosulfate and sulfate are quite insoluble in the Honaqueous SANS solution, in contrast to their
high solubility in aqueous solutions. Therefore, bubbling ammonia into a SANS solution

containing these salts results in nearly instantaneous formation of solid ammonium sulfate and

-



FIGJRE 3 is a graph depicting the variation of byproduct | concentrations
"with tinme, for. the test systemof Figure 2. Description of

Preferrec~nbodi nents In FIGURE 1, a schematic bl ock di agram #ppaauasy 2003
system 20 which nmay be used in practice of the present invention. The
system 20 is generally simlar to the systens illustrated in ny

af orenent i one@o@s¥33, 516 and 5, 738, 834 patents, w th thePCHE#16s0Q
exceptions of the portions of the system which enable renoval of the
undesired sulfate and thiosulfate salts. In a typical application of the
i nvent i orymneoniyastaselfae whishp2dpitate fven the sclutiod, thyretadloping dhesrgemeval b
invention I s a.natural or oth . . A C i ] 0.1

ol une. ocee; BRguh feo Bt st B @Bl HolR, S bty i)

envi r onneadk 8¢ willéh 2 td1Rivs ) eits® represaitiogethe areide (HB ‘Dethan thie prorandted amime):
substantially renoved fromthe gas stream A nore comon parlance in the
apt is to neasure the degree of contam nation of a gas stream sought to be
treated in ternms of its dap)ysqreduai+ o(NHy, Syl f ur 2BWhen viewed in this
way, the streans to be treated by the invention will generally be those
that produce 0.1 to 30 tons/day of sulfur. In a representative case where

i nput st rRRANg HafeP ¥RES BiSs Aethidlavsiad thg@sbleth bf rfulflowontlaidn bed BansicesBf20 at a
pressure of around 1,000 p.s.i. The stream 22 is {)?as ed into and through an

p.S..L !
absor ber viaier gfoendthe Restasy dp additionstip reaefions 2ppe foRa BRIy ALY 88 t hat the
out put sty Ram 2dnik § i kaithdid Y @R pRicesd Ve a@tiically EivbllBle- Wapkcal |y ,
concentrations-of hydrogen sqlfl de in output stream?24 will be |l ess than 4 ;
ppm by veplyhie compansits esn e used;ig thy seeny withqublRaine fhicghie H‘-‘*d’é&erlﬁ’_&‘ﬁt"éﬁm%ppar at us
at whi ch G0 d DRt 983 (bRBIthER bR tHeSyaRtrktd St theleBrliBARSRAL | N
counter-current or other relation to a | i quid sorbent |iquor 26. Absorber
11 may for exanple take the formof a tower which is packed w th porous
bodi es 5G, a8, L% Bl QWi chlblTatS With #fRoft SRsd QucdbiSe Bage didediithd CcoONt act .
Qt her absorber apparatus as are known in the art can simlarly be utilized.
Pur suant couductigtylaf therspiution. Ehnemeasurgment of thejspditiop gondystyity SEprovigh apeansp| y
nonaqueo Y | |Gt temtNab il ¥ nleQfs oF Urhrdfiing inéRAE Bt ddditioR t e
range of %?P§ﬁgt%r@gh¥g%%&qtbgpr§qugn§- m?l es (gf sul fur per lI’nlgter of sollluti on.
Sor bent loafgmmeni26 as provided to absorber 11 includes sul fur dissolved in
t he nonaqueous solvent in the range of fromabout 0.05 to 2.5 ~6 January
2003 WO 00105171 ~' CTI US99/ 16500 7 g-noles of sulfur per liter of solution,

toget her Actdrdingltaaothstaspedtorthe pRisBhaRTHibANREreliE bidvifey @M nes) having
suf ficient, %rg&gm rar@%PSin igient concentration |nﬂéespect to that of the
hydrogen sul fifde ang SGrTar to ap fe&eus preamby e $52f Qken the sul fur and

hydr ogerapehtEttie théHShconedting gasdots suesith @ Sorbifg G4 @crmﬁmrng anem@doat i | e

pol ysul fsioﬁlgst V\/ntich %re IPS‘FE?J u@l e in the solvent. In order to provide

suf fi ci eRt 1 ESHBRELISolRe Y™ 1@ bptesensrstng cspeppialyff 2tatdacy amipe firvisgle, a
react or suffieieft strbbpth andddoateitradiinyto @iva\thet @Rt sHONNPiRANS Qb rbld Wy BAgfLGer - This

. vessel can also h g?{ysi cally present in a _delay section at the base of the

absor ber*™{ FREME W clissplysd sylfuete) formpenyplatils palysulfide whish islsolubladén theict i on such

as a pl uerbldpQiuére W) Bhvertdiiplthd dissbOEARNCatld pyshfie xnasadrs&ﬁﬁgiugﬁbr het her
carried out in the absorber alone, in the absorber and t eactor, or in

the readtigi wighiempnsdigsoltved inspid linugs g comtacting iddmuer fraut dep, (\Withaml 5 i nut es
Or |30, DekiRigifakioR) contEanPalickSithic bf Gid GBSl i B Whdd o kb 3 ©! Vent
and the spent sorbing |iquor |anUQ|nq.the di ssol ved "po ysuf irdeis

convey ed®lf Rerticuigte syis; apd{d} ssprsping sud polid gulfusfmmetep(c)ifiomtbsliivbie for certain
polysuifide internediates to separate as their concentr#tion increases
during practice of the irnvention (e.g., an am ne-~olysulfide "red oil"
where the af or engitil BARROVBMENT gnablingyemporat fromysiid dijjuor af wlksjred byiratict

SOl ubl | yAdFAB &R sultfie BICHEG AN RIGRRYr pbeloRQF Bl o, LagOT 26. Benzyl

al cohol (is a typical such solubilizi'ng agent; however other agents such as
benzhydHFeprovegencempogiagi i xt ures of these several agents are suitable; and
in addition the solubilizing function can be acconplished in sone instances
by one of the other conponents of the sorbent, such as the nonaqueous
solvent or the base. It is to be appreciated that the spent sorbing |iquor
provided to regenerator 10 is entirely provided as a |iquid phase.
Substantially no solid sulfur particles are present as coul d cause

bl ockages or other difficulties either at the absorber or in other portions
of the system proceedi ng regenerator 10. At regenerator 10, the sorbing
liquor at a tenperature in the range of |5.degree. C. to 70.degree. C is
oxi di zed by contacting with an oxygenating gas, as for exanple by
contacting with a counter current streamof air, or other nmeans. Typically)
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polysulfide to el enental sulfur is achieved with the quprisineg short
residence tines indicated. Because of the high sul fur solubilizing
characteristics of the solvent, and of the tenperature of theiesyahugiyt2008
regenerator 10, substantially no precipitation of the sulfur occurs at the
regenerator, thereby continuing to avéad cl ogging and simlar problens as
often occur where slurries are devel oped. The sorbing liquor is thereupon
di scharged fromthe regenerator and proceeds through a line 25 toward a

sul fur recovery sddainj @mbflia td\aid 1RRI6E HR om
regenerator 10 at ve%t 27. This sgnt sﬁfgﬁﬁfﬁf&d |kevﬁ€€ gﬁ%@éptable
envi r onfHdgonacting of the liguer vl saidexidizingiaps, tmmwta@dnm@me@smd speciesont ai ns

| arge aDaiwhénith sty I tanlnant
sorbed fromthe i nfdgﬁgggmoﬁgm%{ﬁ%g%a% sﬁ’ea{g;‘llil OA?Q%R%'%psefr eam of

sul fur f@Bo%diqust-ati on 14, a slipstream 30 dlverted t hough punp 37 . The
sorbent |iquor proceeding fron1regenerator 10 via line 25 contains
undesired thiosul fate and sul fate species, which are soluble in the sorbent
(probably as the salt of the protonated anlne) In order to renoves these
undesi red speci es anmoni a gas Brel Pesapflonel Pwingsquor) preferably by
bubbling the gas through the liquid. ThIS can be acconplished e.g. by neans
of a sinple inline mxer 36. This results in nearly instantaneous fornation
of solid Imhodiewimgseipeaded heratd: anmoni um t hi osul fate which precipitate from
the solution,. The reaction (for sulfate) can be witten as follows, with B
representing the amne (HB- is then the protonated amne): ~B)2 S04 + 2 ;
| ~-13 -' FIGURE) B aSDd dchethaticdlidk deppmiofis syses dpomtigie accoaigtdewithalie mesesr 36
can typlcall be in the range of fromabout 10 to 80 C, with the range of
15 to 70 £ lﬁelng nore typical. The liquor and precipitates are passed to a
solid/liquid separator 38 thereby allomjng renoval of the solids by

2EL )11 L B ORTR - P s BB O R,

sor bent bhrivagiofaaded to sul fur recovery station 14, and ultimately being
recycled to the absorber 11 for reuse in the cycle. 16 January 2003 WO
00/ 05171 9 PCT/ US99116500 At or just prior to recovery station 14) the
sorbing liquor is cooled to a sufficiently |ow tenperature to enable solid
sulfur to be precipitated. The sorbing |iquor discharged fromregenerator
10 wl | typically have a tenperature between |5.degree. to 70.degrees C
This tenperature nay be reduced as the sorbing |iquor proceeds through line
25 but does not reach a tenperature at which sul fur precipitation occurs
until i1t approaches or reaches station 14. In any event, station 14 may
conprise a cooling neans such as by refrigeration or heat exchange, wth

t he objective of reducing the tenperature of the sorbent to that needed to
preci pitate enough sulfur to balance for the sulfur being added to the
sorbent by the hydrogen sulfide. The precipitated sulfur) as it is forned
froma nonaqueous solvent, generally has a larger crystal size and a hi ghex
purity and better handling characteristics than such properties for sul fur
preci pitated from aqueous solution. The precipitated sulfur is separated
fromthe sorbent by separating neans which formpart of recovery station 14
or which can be imedi ately downstream of station 14. Separation can be
acconplished by filtration, and/or settling andlor by centrifugation. The
recovered sulfur at station 14 can be purified at a sulfur purification
station 18. Residual traces of organic solvent on the sulfur crystals are
renmoved with a solvent wash | oop. Methanol can be used for such purpose,
and can be recovered, distilled off and recycled in the | oop. Punps 12 and
17 are shown p05|t|oned in the system 20 to enable circul ation of the
sorbent, in the manner shown--these and/or other punps (such as punmp 37) can
be otherwi se situated within the systemto sustain the desired circulation.
A heating station 16 can be provided between sul fur recovery station 14 and '
absorber 11 to bring the sorbent back to a tenperature appropriate for

di ssolution of the sulfur that remains with the sorbent as it is returned
to absorbe~ 11. Suppl enental heating neans can al so be provided at ot her
points itn the systemto assure that the tenperature remains above the

sul fur precipitation point, i.e., until the sorbing |liquor reaches the
point in its circulation where such precipitation is desired.




‘The quantities of ammoni a which are added to the |iquor 'at 36 are such as
to reduce the concentration of the sulfate and thiosul fate species below a
predeterm ned level. In general it is 96 January 2003 wo ooi@ddnuary 2003
PCT/ US991 16500 10 desirable to reduce the concentration to 0.05M or |ess.
Since the said species act to tie up the amne and nake it unavail able for
its primary po@ases in the invention, the nore direct obp@Ewdsswssios t o
assure that the &se amine concentratiorsis above a predeternmined level. In
practice, one can treat with amonia in such quantities as to reach and
mai nt ai N FMGQURE 3" stagepl dgtiaing thevariutiond ftypiodns cafcersmatidratwathand, fohthosasl f at e,
and then nai nta% ufficient flowrate of ammonia to maintain the sulfate
and t hi os ¥R 8 @6‘%2nt rations at or below their set points. Similarly one
can periodically nmeasure the concentration of free amne in the |liquor and

continue to precipitate and _renpve the undesi rﬁd sul fate and thiosulfate :
species until the &ee am ne = f b hat the steady state

flowrate of free amne in the liquor will be in a desired ratio to the HZS |
entering the absorber. Each gnole of sulfate (or thiosulfate) is associated
with two gwBIQRB, aschsmafiablack digeraneappeaskeiagysiem 30 whichmay brused ingcticet or

reaction. %ﬁhg&g&ft .oqn’?ﬂ.ees;staﬁ 26 PR sinfl Pl Sh Ay sthREMPiARd idmy ar € needed
e esl I’

to pronot reactions. The required concentrations depend on the
ci rcul at i eferemaantionsfl 5{7A3,516 ad §73&S34patents auittdhhismoren sicartions pldhasporngs

basi cal | Yoof &Eaﬁmxlcﬁgﬁbﬁ m‘i‘d%%@g. E%Q? pédasfif e?xﬁq{ﬂgsuitﬂ@t&al{s hﬁl iédl flow

rate of free ne entering the abs I's at least twce e nol ar ,
fl ow rat e apglichiit® of titeanvientipnt fgasedys sirepm 22 torbetifegliad by tha pioeesprofitheiaventipn i abe used

to speed YRul0g o%we?gﬁmﬁwaaﬁ% ﬂgx%sqldomt% Bl Ry a&ahﬁh@&&n@t' on the

flowrate o am ne enterin sor ber onarmeba5|
a ratio t oulfiie wskmleomgox(emxamvxfdnomntalanéotber rb@@lsoﬂ desingd to beiminimizeddndrt o 8: 1,

althoughs a i e ratio
coul d be PABEAE ke p s B SleabOh R SRR R BRRLRB o pladire 0D 57
wher e snualdegee @fbemarbmatmnaxf e gusar@hnmouglm to hpereytedhmgbrms sfmwrhil)s proiflkwoxabfs oI ute
anount of a nee n.th

t hi osul f at ew mw m thls v¥a|y aq?ﬂg tgbf %ezﬁe *rfﬁlrl}g E—fﬁbwm'ﬁ/é&l%%% t he
"make rat el’:ose)maspndﬂuad: @l 10 :tOHm(;éia}' bfzuifurf lpra rethesegatoe eass whére irpat shﬁatm%)at ent is
about O. 03 mol e s se one

woul d r eqw [g%“sﬁs 3("%"61 A lt l ‘gm"?edl{]?—ésg%r% M?'gssﬁ%§§ar8 [{grlb%bgg lillor@?v ever the
process oftréadne22ns pmseenltmtb amuougi'rmg\bmmal 1 yha the bydregea sulfidedeeffesfivelyagni t ude

l ower mk?enﬁo%%gso that]the OJU%QIPS%ICXHI %9 is sut\),\tgntlaﬂlly rseg g} hy%ljbgglg{lléasg 9()1%8?1?’00

concentrations of hydrogen sulfide in output stream 24 will be less than 4 ppm by volume.

Absorber 11 is a conventional liquid-gas contact apparatus at which the input gas stream 22 to be
purified is passed in counter-current or other relation to a liquid sorbent liquor 26. Absorber 11
may for example take the form of a tower which is packed with porous bodies so as to provide a
high surface area for the gas-liquid contact. Other absorber apparatus as are known in the art can
similarly be utilized. Pursuant to the invention, the sorbent liquor 26 comprises a preferably
nonaqueous solvent having a high solubility for sulfur, typically in the range of from about 0.05
to 2.5 g-moles of sulfur per liter of solution. Sorbent liquor 26 as provided to absorber 11

‘includes sulfur dissolved in the nonaqueous solvent in the range of from about 0.05 to 2.5




|
Wil e the ammonia in Figure | is shown as added upstrearh of the sul fur
recovery station 14, and while this is an advantageous point for such
addi tion, the anmonia can be effectively added at other points genwagi 2603m

of the contacting of the liquor with an oxidizing gas. Thus for exanple the -

ammoni a addi tj on/ocoul d be effected i medi ately downstream of the sul fur
recovery stat TN 4! one of the advantages of adding the BEHEMYES¥pst r eam
of the sulfur recovery, is that in such’ event the solids consisting of both
the sulfur and the _sulfate _and thiosulfate salts, can_be cqllected

toget her . EMPPISAEI{ERs e of saldiooesier wilk # e (suki s Hieafpesmetions dariary

conbi nat i @Rinef) h@ﬂﬁ%ﬂﬂﬁ‘ﬂ&rﬁ strégMORIBANEES tdndét@tionSh Pespedy th Yhat &f td Hyldrdgen
appreciated _that the two solid streans proceeding fromsolid/liquid

separ at or S88ded syifig e diuerdsactinhsprcy therulfur g hydtopgysulfidg hich&spitwrin £ i cat i on
neans 18) gorm@idnchflafe &R H&ﬂonamte?ol subfide@lvRick Rtk séldblstnuRABIvedIAYRIERS Bat ch
Test with Synthetic Byproduct Solution. To sinulate a byproduct sol ution
cont ai ni ngro¥ide sffigientesglepes time fan theyisagtions forwing the polygulfde.auracter vesslddp # was
added t0 50 el OfroAdaowbRBml é Shdoed BB Ao®¥ gh Wl 25%
benzyl al cohol g‘;nrg b8%°Ther mmnof 59 (I‘\e/bnsar‘{to traaggg rrgr)ﬁ % ortgﬁ?he

sul furic delaxisepiion ahthddase of the absotbgt tower. bh¢ reaetor 8essel gancbetofeonyentidesdt i vi ty was

0.007 mc 3 = ' ' . e Ltian, . was 6.18
and tho ocaRadbE bR of FERREHER Tt ke dFToPHPIhes il Q™0 0
was seededutin thiy alisofi@r gowsf indhmabeorbemasdithe esadors ol in the reagtnmaderiepcag singhe a f | ow
rate of 2 1.n.nas then.added to the .sol uti whi | ni t.or.ing the pH
Ve’ gl atsbEy D8 AR R R onsd B e The Palip g e i i gPhaon
conduct i virttie pilwheanddue spagt sbibing ligoetiidcheling theniissslodd olysuifidoin canveyediviay f el |
and the pH.increased. .T inal .conducti vif) S 05 m cros, and the pH
rose to 9!;'%68&2?? éerge?%aetorggdlgﬂc%ﬁ i ssci{g?)}(’é?:mg p\§ﬁ% qcéma'g'seﬁ'&%ﬁp P %e- ni nut e
peri od. Thsathdeamnemsetidnrincanduoting/pridfice of thaidventidr (¢g., af ariihepdlgatidaledf t he

prot onat ed.,.am ne, sul fate.and thiosu(fate. salts. e increase in pH
cor r esponds ‘%r tf‘%%lf’ Eia th°"8$ba¥s?1'§ a??‘éaéy AROR.2 ?‘fﬁﬁsﬁﬁaf SOURIEINE 28U £ or m
Gel at i nouprefsrablyenlso@rdsets ipsoetdugiquad 260Bénzeinlcobolid 4 9pical such Bafutiilidngagemi a

addition., Additional ammoni um pyproquct splids accunul ated onto the seed
cryst abs PO BrenBTE A B R Sl e S BBt R 001 05171
PCT/ US99/ &fiakle; aha irt ddditipiritha selulsitizink fnhétioh tan HeracdaaplithasinRappmaances bshendt seed
crystals)..After the ammopiumsolid re recovered fr the reaction
vessel , rft ee%tgercﬁ?[f'%‘iﬁmﬁﬂg‘h?\%qﬂbeﬂg&@fs\.l\g‘%ﬁef‘a&“%?s sg@thagt%%¥8 neasured. This
represents a yield of 81 %of the theoretical increase in nass due to
precipitaje noni um sul fate when the initi anmoni um sul fate
seed crys téﬁdto S% ARPLICEALP; g fe é%cé’bi?ﬁi

Rune Sol uis adfuidipheser Sibstahtiully e Sia lsulid farfidpeiré presahitak cdulf difse\biskdgbeorsane as
t hat descrjbed _ahove,Lexcept that actual spent sorbent solution froma
syst em of © Tféhfﬁff’g‘éescfftgeéla eepsprhenfy I giher E‘d’g@&sé?f tg systemdyecerding rEECRYAoB 3, was
use {fol | pMAREEgdnkutdiQ 0] the kbifXIRPISHH: & tdnspetdiute RN dRHONBIREQT. W th air). The
sol ution was not seeded with amonium sul fate solids prior to adding
ammoni a gHbdegtse+Gds exidizadiby sontatnp it aneiyswatinggey es Hoexampleby copiastingided t o
the sol uta YWahleP R seirh Bthid BRI, TypRahP Al Wkl th¥ sorbihf Bfuoftddi tion
of ammonia for 23 mnutes, the conductivity fell from13.0 meéros to 0.49
m cros antnbpecnirqted ¥4 ap pesaadingapwardlyspgged aiistrgam fern supptyi Line 9 swhighpir is

preci pit aftqGenk td S . UFUR Ak (f ttached
Fo the gl Saa e g 18 e O TP L R B R LR D L 3d1 ng
seed crysetheyrdermiil§ toyktrainutes, and yasylts Gp tha presknesefdistafrémaantioned basehinttieng spent
reaction i Mt r { ko f ol i ds

b or to Sagited Py SaRE G Ne et ' Yo TR RN TS Rbin ' 12
solution while nonitoring the pH and the conductivity. After ammoni a was
added for 22 mnutes, the conductivity fell from12.5 mcros to 0.22

m cros, and the pHrose from4.22 to 9.36. The experinent was initiated at
roomtenperature. During this experinent, the tenperature of the test
solution rose from23C to 30.5C. Apparently heat is |liberated during
anmoni um byproduct formation. Celatinous white solids precipitated from
sol uti on, however, none accunul ated on the pH probe or on the glass walls
of the vessel. Continuous Fl ow Bench-Scale Run tvitlr Controlled NHj
Addition. A run was conducted to denonstrate that the process can be
continually regenerated by ammoni a addition. Byproducts 16 January 2003
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WO 00105171 ~CT/US99/t 6500 13 were renoved by amoni a gas addition which
was automatical'ly controlled by nonitoring the solution conductivity. A
schemati c di agram of the process is shown in Figure ( . The st8 fsmiary 2003
contained 0.5 Msulfur, 0.4 M piperdineethanol, and 36% phenet hyi al cohol
di ssolved in Therm nol 59 (Monsanto trade nanme}. The gas stream was
conposed of 5Y99@WB1and 43% HAS. The process control conppCeUsSHIGH am and
the process hardware were nodified to &tomatically control the addition o
f ammonia to the process and thus continually regenerate the solution. The
conput er pelpgplfadnte dementd! lsd fir ssranienied with dietshprisitgly ehort aesidenes tienthdécaiedi ty  of
the spr beﬁt éaué/éh o%%cthri]% s%gur}%glﬁf)i'liyih%%a{a@tc}iﬂﬁs éfqltle;[éo cntezfﬂﬁ%?alggcnﬁfc%tﬂ gtr os, the
ammoni a valve was op%ne , allowng anmbnia gas to Ilow into'the process
stream WhenRolvére aregderator 14, sybstatially heprovipitatiOn ofi the suffyr dehies atrtimoegamegts, val ve
was cl oseqd apd armuniia adgi %’i an S. SI&E? ﬁd. The vari at i onlof. sﬁ% roduct
concent r aleEA% SQBIAHDS o AXOS closgipg, i STy '8 pils &5 ofgy ocepr Whereslurges fe nt r at i ons
of sulhf at &evﬁl&:ﬁ%d. mh@méﬁéﬁ@m@oﬁ& cheltugtn dmemesd (froblﬂll;é lielgdci;"era(bpair’]@r%dcdshgougﬁ][ folr
33.3 hours wi thout adding anmmonia in arder to bui up t product |evel.
Once ammohlise Z2daNR dAuIi Zeep YA iion A4 Alpander iper ¢ PiEsL P at o

concent r afdpeRfat#a0LERKELY. Thi® aht btvearh Wil tikdy bd of Séceptdile HRLI6EMIAEL ulTify, B&
operated the anmpnia addition _controls at maxi nmum conductiyity set point of
2.0 i cr osan bpptalypicadly corabpsteh it cantaigglarge sRowis ¢hbFnzens irg 'é""yaﬁ'é‘?Pfﬁ?é’éc needed

t 0 conpengsiRuidéontaifinbyRrued d6k teqhleBlab.on rate. Starting at 140 hours) the
ammoni a addition system was operated at a maxi nrum conductivity set point of
5.0 micros, resulting in relatively steady concentrations of sulfate and

t hi osul fab@wné?:@&rﬁ@ﬂc@éﬁ%&folr?oMdh?ﬁ%ehxﬂ%?su‘[ﬁ? Sed¥etly salidEd, PRips@dihl RS gat her ed
fromthe bench-scal e process before and after the addition of ammoni a.

Pot ent i ongiverted thqugl pymmpdy -pThstserbeytt ligaor peoceeding Jrom segsnasptorskOmiiiniedSaci d added
clearly showitshabesibenRARHRan@fulBE SpR ML, MhidhSreSHRBIE ANthi &rboht (p%%'dﬁl?qs by the
bui I dup of sulfate and thiosulfate, corresponding to 2 noles of am ne per
nol e of stkfataf therprethnated aming).eln oplst tomemeyatthese undepired gpdcish smppomia safis er t he
addition plae@ R hdhos BRMAlY tubflink 1R Gaaldle GOMEN I TRAG BeRRoRSRADT L A1 LY
restored. 96 January 2003 wo oo~o0si~~ _ ~CT/1J599/16500 i4 Iniine filters
wer e usede-g-dydegeriafa soupde iglingraixest36 o e raswininneery etantanseys; fornation pieglid hi s '
run. ASSUzm&iﬁrn%lfawlﬁxd%ﬁlHoﬂiuinﬁhiS’@ﬁﬁhU%%ﬁkﬁéciﬁ%@ﬁénk‘fﬁk $81bd L. erhelrflcRod™BS S
accounts for 89% of the ammonia added to the process. verification of
By pr oduct (fSshifee) chn beiwvrianss fodloywg avithiBoepressnfingdiye amige(HB ™ jsihenike piptonaterds

sol ution m;lg,:sarrpl ed and anal yzed by x-ray diffraction. Sanples were taken !
from spent sorbent solutions for processes run in accordance with United
States Patent No. 5,733,516, and the batch-scale tests during which

sul furic acid was added t r SS 0 shuul ate -byproduct
production. Al of the re@tﬁ){i‘b‘ﬁn I chat eﬁ%ﬁﬁa‘% he%%h d material forned on
ammoni a addition is conposed of ammonium sutfate and to a | esser extent
ammni um g, %fakk}r}s%ﬁ o 220 Bn Stk 36 Wty fkal .bQ?Jtﬁé’.?n%%SofﬁQM'aﬂmR% E{‘&F%{ ed from
residual crystallizatron 1n e cooler regions o he process. 10on

chr omat ogwalpthe cangaafl ip3e 30°dh being maettgpical. Thediqeo hadigeciigios aropissedted t he

. | .f hi f . Wi | he i [ f h
"t orns Shaliu Freeldis baREHloyNermptny o i O Bl AR LR i ow of |

! thin 1on, or ofper .
In terns Of SpPeci e§ppreC|a?e I n view of
t he i nst advimnibinsolid/Bqui®sepirationmutidis) waith dRliqaid iphdie, 18 nonleous\ligidr] a0 are now

enabled tp those skilled in the art, ich varjations yet reside wthin the
T acent DR i soeahgre pee AR PR Bt B ac |

const r uedsecy@id té ih8absBbeON fr fBYsc e SeRpe and spirit of the clains now
appended hereto.




16 January 2003 WD 00105171 15 PCTNS99/16500 1. In a process for renmoving
HZS from a .gaseous stream by the steps of (a) contacting the H S-containing
gaseous streamwi th a sorbing |iquor conprising a nonaqueous 155)3%4-%}),2003
cont ai ni ng di ssol ved sul fur, and a base consisting essentially of a
tertiary am ne having sufficient strength and concentration to drive the
reacti on conwgéhddzgrHZS sorbed by said |iquor and reactingcﬂh%gn%ﬁjd

di ssol ved sul fur, to formnnonvol atile pol ysul fide which is soluble in the
sorbing liquor; (b) converting the dissolved nonvol atile polysulfide in

sai d sor biapg ihd BHA o teRove) dtbtion WA thd \ofoBfBRlqRS: i9dodRAY LR elicientighddy | T quor by
contacting said liquor fromstep (a) with an oxidizing gas; (c) converting
at | east [smperafe g ghableioid silfpeig be prepipitat¢dn Thaserblirgdiguer dischargeslifeam (b) to solid

particul a i . | ' ' f tep (c) from-
t he Iiquo%%m%E%£ﬁRﬁ*giﬁgéggmiﬁggﬁ@%%ﬂggﬁgkg]E?%%%?Eg%%M%F%%§$&§# undesi red
bypr oduct temperawd izt @debed ad thasosbisgliquorgpenceds shroughding 2 Bblut idyesowt eadhiaon of
portions of sald HS: . sakd inprovenent ¢ rising: addin ja to said
P uor at CipefBlofe e ricp AR pieiB{eT Bl i dop 3ot or B et L

cont act i neveaf, sthtiva 14intay@bmpdisela csaling nexrisduchi an iy gpéiiperation irbeatiepehangeewitine sai d
undesired,_ species as . ammoni um sul fa and ammponi um t hi osul fate; and

Separ at | nje PHESE P aLiEe e Empause BF o fostenf P it Wetie ' PIREIBHELS 99008 et hod | n
accor.danclfof folbalahci fo the sMfRF i a8ddddo MBBIBYNELY the Rydidgedn lifideubiY | ng gaseous

ammonia intq said |iquaqr. 3. met hod in accordance with claim1, wherein
sai d ammoPfPdPaed S st E"é'i"ﬁf’A}i“?'ﬁﬁB?“a%‘é"f’Weq@He‘gt?éb"éa'tYW)“ 3 kagger grystal size

and a higher purity and better handling characteristics than such properties for sulfur

precipitated from aqueous solution. The precipitated sulfur is separated from the sorbent by

separating means which form part of recovery station 14 or which can be immediately

downstream of station 14. Separation can be accomplished by filtration, and/or settling and/or by

centrifugation. The recovered sulfur at station 14 can be purified at a sulfur purification station

18. Residual traces of organic solvent on the sulfur crystals are removed with a solvent wash
loop. Methanol can be used for such purpose, and can be recovered, distilled off and recycled in

the loop.

Pumps 12 and 17 are shown positioned in the system 20 to enable circulation of the sorbent in the
manner shown--these and/or other pumps (such as pump 37) can be otherwise situated within the
system to sustain the desired circulation. A heating station 16 can be provided between sulfur
recovery station 14 and absorber 11 to bring the sorbent back to a temperature appropriate for
dissolution of the sulfur that remains with the sorbent as it is retumed to absorber 11.
Supplemental heating means can also be provided at other points in the system to assure that the
temperature remains above the sulfur precipitation point, i.e., until the sorbing liquor reaches the

point in its circulation where such precipitation is desired.

The quantities of ammonia which are added to the liquor at 36 are such as to reduce the

concentration of the sulfate and thiosulfate species below a predetermined level. In general it is




4. A method in accordance with claim1l1l, wherein said anmpnia is added in
‘sufficient quantities t S 16 January 2003 WO 00/05171 PCT/ US9911650 0 16
to bring the concentrations of said dissolved sulfate and th|ﬂ$udmﬁﬁfggn@ ts !
in said Liquor below a predeterm ned point. 5. A process in accordance with :
claim~, wherein said predeterm ned concentration for said salts
corresponds twoaoeksi red mninumlevel for free amne in $ardsdohepd®r. 6. A
met hod in accordance with claim1, furgder including periodically nmeasuring
the concentration of free amne in said |liquor and continuing to

pr eci pi taﬂésimmdtorredmv&xesaicdmtuﬁﬁie&iomm @i Sifceltid dald sb&tﬁ:sfaéte@tiaﬁﬁ the rises to
a level such th t t he s state flowrate of. free ld | i quor
W1 be § Ao A e Cura gt o iy BUp0cRt o inveifion, B more Gtelebiegitaod 1
accor danc twadshire @atihB¥ike arhité Ednedntrativdl isishionga produtdralned Bvéth i RhcE6d, bhddh
conduct|V|t L the Jiquor fromwhich the said solids of said precipitates
have been® ﬁ% apmgnia hgpch guaniitics as g reagh ppdapanipip siable s3cpdy $6ve sai d

undesi r ed c§Raflafsns kil fateAd SioBRINEH) Siid tNdnti¥aifia@ih b SufEib@\Wod ritE 8ERHInH (g ed
value. 8. A nmethod in accordance with claiml1l, wherein the sul fate and

t hi osul f af@irkebs Bdfatgead fuaguieropernEditass of balovo Rigir 4t ppiatss Sintilarly onegsm 9. A
process i PerRAfel e men;&cexhamm dr ted aﬁ.th% lin dh@ﬁ&dé?'b:ﬂ&oﬁtﬁﬁx t dr&qn&ia%néor bi ng
| i quor separated fromthe sulfur for further contact wt

HZS- cont afemomgthg a&eéwsd syifpte apd thipguifags speciss antil therfrea@@memwdea iml lquabithgtm 9,
wher ei n salegte&g@@awwate%@hx@mlréﬁmheqlqﬁal Wil 'bL bt a%’d {ifda i r§d6| tI, te H, §edtng" @N9€ Of

about 0.05 to g- nol es of fur per |1t
the absorber. Each gmole of sulfate (or thiosulfate) is assocnated with two gmoles of protonated

i
[
i

amine, making this amine unavailable for reaction. At least two gmoles of amine per gmole of

incoming H,S are needed to promote the desired reactions. The required concentrations depend

on the circulation rate of the liquor as well as other considerations. But basically, at steady state,
enough ammonia is added that the molar flow rate of free amine entering the absorber 11 is at
least twice the molar flow rate of H,S entering the absorber. A higher ratio may actually be used

to speed up the desired reactions.

Typically at steady state operation the flow rate of free amine entering the absorber (on a mole

basis) will be in a ratio to the entering (molar flow rate of) H,S of the order of 2:1 to 8:1,
although somewhat higher or lower ratios can be appropriate, i.e. the ratio could be less than 2:1
if 100% removal is not necessary, or more than 8:1 where smaller absorbers are used or for very

high removals.

The absolute amount of ammonia needed will depend on the "make rate" of sulfate + thiosulfate,
which is some fraction of the incoming H,S. Typically, the "make rate" of sulfate + thiosulfate
for the process of the 516 patent is about 0.05 gmole salt per gmole H,S converted to S. In such
a case one would require 2 X 0.05 gmole of NH, per gmole H2S absorbed. However the process

of the present invention generally exhibits an order of magnitude lower make rate.
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could be combined into a single solids stream.

EXAMPLES

Batch Test with Synthetic Byproduct Solution. To simulate a byproduct solution containing
sulfate, a 0.25 mL aliquot of concentrated sulfuric acid was added to 50 mL of a solution of 7%
(v/v) N-methyldicyclohexylamine, 25% benzyl alcohol and 68% Therminol 59 (Monsanto trade
mark). Before the sulfuric acid was added, the solution pH was 8.2 and the conductivity was

0.007 microS (microS = microSiemens); after the addition, the pH was 6.18 and the conductivity

© i —————— ————— o . 1 |

was 0.53 microS. The mixture in this reaction vessel was seeded with 1.00 g of ammonium
sulfate solids. Ammonia gas at a flow rate of 20 cc/min was then added to the solution while
monitoring the pH via a glass electrode and the conductivity of the solution using a conductivity
probe. During this addition, the solution conductivity fell and the pH increased. The final
conductivity was 0.05 microS and the pH rose to 9.28 after the addition of 180 cc of ammonia
gas over a nine-minute period. The decrease in conductivity is indicative of the removal of the
protonated amine sulfate and thiosulfate salts. The increase in pH corresponds to liberation of

the free amine from its protonated form.

Gelatinous white solids precipitated from solution during the ammonia addition. Additional

ammonium byproduct solids accumulated onto the seed crystals rather than the vessel walls and

—
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the pH and conductivity probes (as happens without seed crystals). After the ammonium solids
were recovered from the reaction vessel, rinsed, dried, and weighed, 1.9627 g of solids were
measured. This represents a yield of 81% of the theoretical increase in mass due to precipitated
ammonium sulfate when the initial 1.00 g of ammonium sulfate seed crystal is taken into

account.

Batch Regeneration of Spent Bench-Scale Run Solution. The reaction vessel and experimental
setup was the same as that described above except that actual spent sorbent solution from a
system of the type disclosed in my United States Patent No. 5,738,834 was usecJ! (following 118
hours of exposure to H,S and regeneration with air). The solution was not seeded with
ammonium sulfate solids prior to adding ammonia gas to the solution. Ammonia gas at about 20
cc/min was added to the solution while monitoring the pH and the conductivity. After addition
of ammonia for 23 minutes, the conductivity fell from 13.0 microS to 0.49 microS and the pH
rose from 3.71 to 9.66. Gelatinous white solids precipitated from solution, some accumulated on
the pH probe and attached to the glass walls of the vessel (illustrating the desirability of adding
seed crystals).

This batch run was repeated except that the starting spent reaction solution was seeded with 1.00
gram of ammonium sulfate solids prior to adding ammonia gas. Ammonia gas at 20 cc/min was
added to the solution while monitoring the pH and the conductivity. After ammonia was added
for 22 minutes, the conductivity fell from 12.5 microS to 0.22 microS, and the pH rose from 4.22
to 9.36. The experiment was initiated at room temperature. During this experiment, the
temperature of the test solution rose from 23°C to 30.5°C. Apparently heat is liberated during
ammonium byproduct formation. Gelatinous white solids precipitated from solution, however,

none accumulated on the pH probe or on the glass walls of the vessel.

Continuous Flow Bench-Scale Run with Controlled NH, Addition. A run was conducted to

demonstrate that the process can be continually regenerated by ammonia addition. Byproducts
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solution conductivity. A schematic diagram of the process is shown in Figure 1.

The sorbent contained 0.5 M sulfur, 0.4 M piperdineethanol, and 36% phenethyl alcohol
dissolved in Therminol 59 (Monsanto trade name). The gas stream was composed of 57% CO,
and 43% H,S. The process control computer program and the process hardware were modified to
automatically control the addition of ammonia to the process and thus continually regenerate the
solution. The computer program controlled ammonia addition based on the conductivity of the
sorbent. When the conductivity in the settler exceeded 5.0 microS, the ammonia valve was
opened, allowing ammonia gas to flow into the process stream. When the conductivity fell

below 4.0 microS, the ammonia gas valve was closed and ammonia addition was stopped.

The variation of byproduct concentrations with time are shown in Figure 2. The initial
concentrations of sulfate and thiosulfate are high because we first operated the unit for 33.3 hours
without adding ammonia in order to build up the byproduct level. Once ammonia addition was
initiated, the sulfate and thiosulfate concentrations decreased steadily for the first 140 hours
because we operated the ammonia addition controls at maximum conductivity set point of 2.0
microS. This resulted in the addition of more ammonia than was needed to compensate for the
byproduct formation rate. Starting at 140 hours, the ammonia addition system was operated at a
maximum conductivity set point of 5.0 microS, resulting in relatively steady concentrations of

sulfate and thiosulfate.

Potentiometric titrations were performed on samples gathered from the bench-scale process
before and after the addition of ammonia. Potentiometric titration plots of pH versus volume of
standard acid added clearly show that the amount of free amine is substantially reduced by the
buildup of sulfate and thiosulfate, corresponding to 2 moles of amine per mole of sulfate or
thiosulfate. Potentiometric titrations done after the addition of ammonia show that the free amine

content has been essentially restored.
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Inline filters were used to capture 948 grams of ammonium byproduct solids during this run.

Assuming that the solid is exclusively ammonium sulfate, this mass accounts for 89% of the

ammonia added to the process.

Verification of Byproduct Solids from Ammonia Addition. Solids formed in the process
solution were sampled and analyzed by x-ray diffraction. Samples were taken from spent sorbent
solutions for processes run in accordance with United States Patent No. 5,733,516, and the
batch-scale tests during which sulfuric acid was added to the process stream to simulate
-byproduct production. All of the results indicated that the solid material formed on ammonia
addition is composed of ammonium sulfate and to a lesser extent ammonium thiosulfate. Some

- sulfur was also noted, as would be expected from residual crystallization in the cooler regions of
the process. Ion chromatographic analyses on extracts of the solids also confirmed the presence

of sulfate and thiosulfate.

While the invention has been set forth in terms of specific embodiments thereof, it will be
appreciated in view of the instant disclosure that numerous variations upon the invention are now
enabled to those skilled in the art, which variations yet reside within the present teachings.
Accordingly the present invention is to be broadly construed, and limited only by the scope and

spirit of the claims now appended hereto.
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1. Ina process for removing H,S from a gaseous stream by the steps of:

(a) contacting the H,S-containing gaseous stream with a sorbing liquor comprising a nonaqueous
solvent containing dissolved sulfur, and a base consisting essentially of a tertiary amine having
sufficient strength and concentration to drive the reaction converting H,S sorbed by said liquor
and reacting with said dissolved sulfur, to form nonvolatile polysulfide which is soluble in the
sorbing liquor; (b) converting the dissolved nonvolatile polysulfide in said sorbing liquor to
sulfur which remains dissolved in said liquor by contacting said liquor from step (a) with an
oxidizing gas; (c) converting at least part of said dissolved sulfur in the liquor from step (b) to
solid particulate sulfur; and (d) separating said solid sulfur from step (c) from the liquor;

THE IMPROVEMENT enabling removal from said liquor of undesired byproduct
thiosulfate and sulfate salt species generated by oxidation of portions of said H,S; said

improvement comprising:

adding ammonia to said liquor at a point in the said process which is subsequent
to said contacting of the liquor with said oxidizing gas, to precipitate the said undesired species
as ammonium sulfate and ammonium thiosulfate; and separating the solids of the precipitates

from said liquor.
2. A method in accordance with claim 1 wherein said ammonia is added by bubbling gaseous
ammonia into said liquor.

3. A method in accordance with claim 1, wherein said ammonia is added to said liquor between

steps (b) and (c).

4. A method in accordance with claim 1, wherein said ammonia is added in sufficient quantities
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5. A process in accordance with claim 4, wherein said predetermined concentration for said

salts corresponds to a desired minimum level for free amine in said liquor.

6. A method in accordance with claim 1, further including periodically measuring the
concentration of free amine in said liquor and continuing to precipitate and remove said
undesired species until the free amine rises to a level such that the steady state flow rate of free

amine in said liquor will be in a ratio to the entering H,S of from 2:1 to 8:1.

7. A method in accordance with claim 1, further including monitoring the electrical
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conductivity of the liquor from which the said solids of said precipitates have been separated,
and continuing to precipitate and remove said undesired species until said conductivity falls

below a predetermined value.

8. A method in accordance with claim 1, wherein the sulfate and thiosulfate species are reduced

to concentrations of less than 0.05M.
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9. A process in accordance with claim 1 further including recycling the sorbing liquor separated

from the sulfur for further contact with the H,S-containing gaseous stream.

10. A process in accordance with claim 9, wherein said nonaqueous solvent has a solubility for
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sulfur in the range of about 0.05 to 3.0 g-moles of sulfur per liter of solution.

11. A process in accordance with claim 10, wherein enough dissolved sulfur remains in said
sorbing liquor following separation of the precipitated sulfur that when said solution is returned
to the absorber for recycling in the process, a sufficient amount of sulfur is present to react with

the inlet H,S gas.




