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-11 - | 2106930 TREATMENT OF CONTAM NATED\ZSTRETFORD
SOLUTI ONS IN GAS .PURI FI CATI ON The present invention relates to recovering 5
‘Lbe ant hr aqui nbne di sul fonate and vanadate from Stretford process sol utigns
used in gas purification, and the recycling of the anthraqU|23P6 0 |
di sul fonate and.vanadate to the prbcess sol ution. 5r33
Stretford process,is well known in the art of ~gas purification for the
renoval of [err] from"foul gas" or "tail - gas" streams of various
conpositions and origins, such as gas streans resulting fromrefining of
petrol eum or coal products. The Stretford process 15 enpl oys,
fundanental | y, an al kal i ne agueous sol ution conprising a salt of an

ant hraqui none di sul fonic acid, such as [err] and a vanadium salt, such as
sodi um vanadate. During its use, the Stretford solution acting on the [err]
and ot her gas conponents, builds up 20 various |evels of side-products
such as sodi um TREAGVENT OF CONTAMIANTEDR STRERFORD iSOILUTIMNS i nities such’
as sodi um carbenate and sodi um bi carbonate, due to reaction with the alkal
(preferably NaOH) enpl oyed & GASHEBHRIRIATENt | on al kal i ne -2- 1n one
enbodi ment,the present invention is directed to to a process whereby a
portion of the Stretford solution is renmoved as a side-streamin order to

mai ntai n the buil d- u% of varlo s side- oductf 5 control] abl e,
al | owabl e concentr at iITGH lﬁxﬁﬂy ntion relates to recovering

5 the anthraquinone disulfonate and vanadate from
ﬁﬁ? Stretford process solutions used in gas purification,
and the recyclinj of the anthraquinone disulfonate

and vanadate to the process solution.

10 . The_Strétford process is well known in the

. art of gas purification for the removal of HZS from
"foul gas" or "tail gas" streams of various compositions
and origins, such as gas streams resulting from refining
of petroleum or coal products. The Strgtford process

15 employs, fundamentally, an alkaline aqueoué soiution
comprising a salt of an anthraquinone &isulfonic acid,
such as Na,-ADA, and a vanadium salt, such as sodium
vanadate. During its use, the Stretford soiution
acting on the HZS and other gas components, builds up

20 various levels of side-products such as sodium
thiosulfate, sodium sulfate, and various alkalinities
such as sodium carbonate and sodium bicarbonate, due to
reaction with the alkali (preferably NaOH) employed to

maintain tﬂe sclution alkaline

o . e -
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being particularly effective in substantially renoving sodiumsulfate and!
sodiumthi-osul fate in the side-stream while recovering a substanti al
gnmount "of- t ‘e NaADA or Na2ADA and the vanadium salt, both of these
conponents 10 being recycled to the Stretfefd sol ution. Thus, as the
Strettordssol ution is continuously cycled through its use step and through
its recovery, clean-up, and repl eni shnment .steps, the | evel of undesirable
sulfate and thiosulfate is effectively controlled, the |oss of 15

expensi ve NaADA or Na2ADA andomenambodimeht,i §heUpresémt inbvéyt idni 1 zed,

and the al kalinity_or_ bgsjci of the solution is maintained. _This process
ef fectively avoiagrfﬁﬁeaeta iéraaEFﬂ???ﬁx;hﬁﬁ#hﬁ § POTELLB: Por §€01 ution to
destroy the thi oStretfordwaotution| isthemovdd asquiside~stxiebnl ini ogydethe
re-alkalizing fo L £ t Ih Irhriihft s93e30rdidhiceat k8Na There
are nuner ous atgﬁfgaggFgéﬁngﬁ%dﬁ?ﬁ%d§@$é§?dﬁﬁ rchggeaﬁggngﬁgn Piﬁg,

usi ng, or tréati FEntRelipbie; oallcwable (Foneentration, Xheopregessy s. 25
3,035,889, U s. Belfig paftibtubarBy/éffécdive) in shbdtant3dlly. Semdvih§, 452;

Curopean atont SR FRLAER pia odtid ofitate, i e, igeifeem
Number 78300471. Bhilpcgegovering a sukstartizk|amaunt of i N@ABA30Tr t o be
U.S. 3,810, 833, ub%sbai andi tBé! ednaQieRNEATt) bt QO HBe.sS companentisdi C
oH uhere i S SSEhS’ foapLibiohor By 4ESe AU YarWoR) ol hi"UEd
; Stretford solution is continuously cycled through its
\ use step and through its recovery, clean-up, and
replenishment steps, the level of undesirable sulfate
and thiosulfate is effectively controlled, the loss of
15 expensive NaADA or NaZADA and vanadium salt is sub=-
stantially minimized, and the alkalinity or basicity of
the solution is maintained. This process effectively
avoids the need for acidification of the Stretford
solution to destroy the thiosulfate, which would then
20 require re-alkalizing; the re-alkalizing forms soluble
salts of the acid used for acidification.

There are numerous patents relating to the
Stretford process and to handling; using, or treating
the Stretford solution, e.g., U.S. 2,997,439; U.S.

25 3,035,889; U.s. 3,097,926; U.Ss. 3,752,877; U.S. 3,904,734;
U.S. 3,959,452; U.s. 3,975,508; U.S. 4,017,594; U.s.
4,118,467; U.S. 4,206,194; and European Patent Application
Publ. No. 0 002 880 A3 having an Application Number

* 78300471.6 filed 09.10.78. The most relevant is believed

30 to be U.S. 3,810,833, which is directed to conducting
the process at an acidic pH, where the Stretford solution
requires neutralization(_as mentioned above, and has a
very low solids content.



Accordi ng to a first aspect'bf t he pfééent i nvention there
process for treating a used, substantlly sulfur particle -

)

process al kal i ne aqueous sol ution containi ng ant hraqui none 5
i ops and vanadate ionsthe process conprising : contacting the solution w-th
activated carbon to separate anthraqui none disul fonate fromthe sol uti ony
10 then contacting the solutien3M<th an ani on exchange resin to separate

the vanadate from the sol ution, 15

provi ded a
ee Stretford
disul fonat e

obt ai ni ng t hereby an

al kal i ne aqueous sol ution mhlch i's substantially depleted of the
ant hr aqui none di sul f dveaordimg ﬂheavﬁﬁaaataspéne of &hieopresentont ai n

di sodi um antfy. ‘?}w g | gV
anthraqU|none |st?gn§%%'an5p ana g%@ |o Qgcg%gfugkhgggggﬁgg
carbonate, Sousefin Fakstapbiaddy suifar partivlesw free Stretthindnpxgesat e and
SOd'U”1hydrcﬁiﬁkiiﬂ¥5aqueous solutidnd coatanaiagP anlkhi-BguiA¥ARt i on provides
a process f caontrol |1 g?%fnunt of sgdlun1 ‘hi osul fate and/ or sodi um
sulfatéllw %éQQQ£ﬁn£%F% apagdakes 19P8a PR PEBFERSON, the process
conpr|3|rm;:£hmprﬁsﬂﬁg ng a portion of the Stretford sol ution,
IS substantially free of sulfur particles, with activated carbon to

substantially renove ant hraqui none di sul fonate therefrom

as the
in sodi um

whi ch portion

contacting the solution with activated carbon
- to separate anthraquinone disulfonate from the solution,

10 _ - )
then contacting the solution with an anion 1,)
- exchange resin to separate the vanadate from the
" solution, '
15 : obtaining thereby an alkaline aqueous solution

whioh'is substantially depleted of the anthraquinone

disulfonate and the vanadate.

The solution may contain disodium anthraquinone
20 disulfonate and sodium vanadate as the anthraquinone
disulfonate and venadate icns auifun&mm'aznannso&hmxcaﬂm:wme,
sodium bicarbonate, sodium thiosulfate, sodium sulfate

and sodium hydroxide.'

25 In a second aspect the invention

provides a process for controlling the amount of

sodium thiosulfate and/or sodium sulfate in a

mainstream Stretford process alkaline solution,

the process comprising
30

contacting a portion of the Stretford solution,
- which portion is substantially free of sulfur particles,

with activated carbon to substantlally remove
anthraquinone disulfonate therefrom,

b
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-4- then contacting the Stretford solution with an anion exchange resin t d4

substantially renove vanadate therefrom 5 foll ow ng which the,
sofuti.on, now containing little or no anthraqui none disul fonate and
containging Little or no vanadate, but containing nost, if not all, of the

thiosul fate and/or sulfate is discarded fT8m™t he ani on exchange resin. 10
It is preferred that the solution to be subjected to either of the above
processes (i.e. the solution to be treated in the first aspect.or the said
portion of the second tAfge ontaictigRa thes $thietfordeiolatieanwibhused

Stretford process |iqui d which contains sulfu arti.cl.es, _the sul fur -
particles being %’m?gﬁt?’bf’f‘f n9q 55N 3'19 isﬁi)lsgﬁ(? ,iaé.g.yt hgt¥fere are no
significant quantvanastatd theéfefirgmgrticles in the filtrate. The

ant hr aqui none di sul fonate ions and 20 vanadate ions may then be recovered

fromthe activated carbon and the ion exchange resin and recycled to the
mai nst ream f or3 f ur t herffalsklowing aihiich rthee sHIHi@MoNOWe COAFABALRTC| es 25

what soever in the jsqlid i&n,n&iamﬂa‘(?@dxwﬂef IR famaRlel Bh@ScBhtRBRiAS! €S
are present the activated carbon%a1 t he ion.exc e resin E?QUIFE

Al
frequent back-wadHitfgde #HAR FANaAstaksy Ryt containing most, not all,

of the thiosulfate and/or sulfate is discarded from
the anion exchange resin.
_ 10 _ _ _
(Y It is preferred that the solution to be subjected
' to either of the above processes (i.e. the solution
to be treated in the first aspect or the said portion
of the second aspect) is separated from a mainstream
15 used Stretford process liquid which contains sulfur
particles, the sulfur particles being removed by
filtration, for instance, so that there are _
no significant quantities of sulfur particles in the
_ filtrate. The anthraquinone disulfonate ions and
20 vanadate ions may then be recovered from the activated
carbon and the ion exchange resin and recycled to the
mainstream for further use.

Ideally there should not be any particles
25 whatsoever in the solution, since if significant
' quantities of particles are present the activated
carbon and the ion exchange resin require frequent
back-washing to prevent plugging.



In a preferred enbodinent a portion of an alkaline aqueousysolution (viz. a
- "Stretford Solution"). containing a salt of anthraqui none E}sul,foni‘c aci d

(ADA), a vanadiumsalt, soluble alkalinities, sulfate values 5- dnd
thiosulfate values is separated as a side- streamfromthe sul fur =
particl e-containi ng nmainst rear? ~The sidestreamis contacted with activ¥ed
charcoal which takes up the ADA fromthe solution, then is contacted with
an ani on exchangery esi prigfdraied emboddmentadi g{pltlnr:’::ﬁ.onvs?lfu@;'l‘,1 fromthe

sol ution, ethlosulfate f val Lshan M on®@yai ning with
t he sol L?clrlﬁ"ﬂL ing, A0, %&'gﬁ‘un&fﬁ ung gﬁ-’é%r ecovetrsgg'luﬁ‘ﬁri (&qzae char coal

and exchsgwgeairesiq msa@aﬁmﬁmmm&a s3], qﬂé&y@l g Stretford
sol uti on f&én%ﬂ%eé#eﬁ Ao"i% Al ir1& 1eash il faaRd vialuesgener at e the

exchange resi solution for_use in the or esaennt i nvention is

one 6hi cand cthioswrliake rﬁ&ﬂ%ﬁt s SARMRTRY ASA A FTEFEASI 1y Na2- ADA)
of vanadgyip sald émlﬁiﬁi&%wmdmmstnﬁml d&h® oducts of the .

al kaline material (especiall [ g olution at a
basi ¢ pHsi %ﬂtﬁe%'ﬁl*%t@%m%?ya% ':fetck[‘}eéjl-’s"i'lHcsieé-ﬁaa"'l ua{clt ‘Je.ecrfs Na2S203 and
Na2SO4) . tdkes up the MdfmnltbetSQIMut themdﬁs mqtaqr-qdne solution is
mai' nt ai ne n_the t %Orésﬂ‘idtl,éti?ake L{g_{bgf@ﬂd&_{um)l’ | esser

| nes

concent r ¥t FOnERnEH™ o e encount er ed e. preéaerr
usudld y values fangetb¢ gobutirm, othey FrisuliRten a%% vanadi um sal t

![n %hg S%Fﬁé@”shﬁs’dﬁﬂ@l#ﬁilynrérﬁ&iﬁmedﬂﬁh4t1t® sopmtioner , Theeferably 5.5
eﬁcount gAE&I L.l('alr vtangugumg\rrg Lot [ %éégéefg&cfﬁmta%'aﬁléré@alsomI mes - 5
and exchange resin us:.ng an aqueous wash and are
recycled to the Stretford solut:.on for further use. An

15 alkaline wash is used to regenerate the exchange resin.

. The Stretford solution for use in the present
invention is one which contains the requisite amount of
ADA-salt (espec1ally Naz-ADA), of vanadium salt (especially

20 sodium vanadate), of side products of the alkaline
material (especially NaOH) used in maintaining the
solution at a basic pH, and a sulfate and/or thiosulfate
side-product (e.g. Na;S;03 and Na;S04).

Ordinarily the amount of ADA-salt in the : e
solution is maintained in the range of 1 to 5 gm/liter,
though greater or lesser concentrations may sometimes
be encountered. The preferred concentration is usually
in the range of 1.5 to 3.0 gm/liter.

30

25

The amount of vanadium salt in the solution
is usually in the range of 4 to 6 gm/liter, preferably
5.5 to 6.0 gm/liter, though greater or lesser concen-
trations may sometimés be 'encounter-;i:

LA

concentration is -



-6- “The amount of alkaline material (especially NaOH) enployed to naintain (¢
the Stretford solution at a basic pHis sonewhat dependent on the anmount of
a€id or of her reactants in a given volunme of gas being treated. 5 The CO
[err]\_etc ‘reacts with the al kaline material cto formsalts. Thiosulfates
are formed “from [err] and oxygen. ordinarily there is an anount of al kaline
material in the Stretford solution, including make-up amounts, sufficient
to maintain an alkaline pH, 10 preferably a pH of 8.5 to 9.0. The

tenperature of the Stretf ormesg{nghheno'fsapkam;ﬁaaiénenjﬁler(msped::.la)nyhe

armount of heat taken up fro ont act . h t
| osses fromthe && ﬁﬁeﬁ?" ﬁén gﬁﬁhgg%&drfg%%ﬁ?hgﬁe %’?et ?grd

sol ution at the rlmsﬁc ipH ulsespmewhat dependenttor thesmeunthadnacdd ps

preferably appl
30[err] to 48pelrr sf'taé Jéetc??}?s\rfvggﬁh wﬁ?‘c’ﬁﬂsyaiuetﬂ- n#g belihy T2edeed
regenerating iGRx &P20aBan 8¢ LELG: éﬁﬁ?%twﬁaﬁ%a‘aﬂﬁ‘?‘@}lﬁt is 20

preferably in thendwémlofto?%ew baﬁmleOmmlfpteS are|Sormedofromar

o e st NS R DR aghakiyathepe 1€ ha) | pgmRYy be at
anbient te t ?X
H gher tenpng(:;?ur%&mnm@mai[ ?-Phéhﬁe§Fﬁg§rfg’g F?‘?Qf é%er %dSOLJerr]

deconposi tion or ﬂﬁeé tamm% ngufiféenendi toiméyntair v gildaline pH,

t enper at ures The I ut e epr] and al kaline nateri al
el uted vanadtdm s%? & g Q% %bgh and exchange resin,

reegectively, are _ . |
- ’ The temperature of the Stretford solution is
principally dete:mined by the amount of heat taken up
from contact with the hot tail gases. Due to heat
losses from the piping and equipment, the temperature
15 of the Stretford solution at the point in the process
at which the present invention is preferably applied is still
fairly warm, usually being in the range of 30°C to 40°C
The agueous wash (which may be alkaline)used in regenerating the
activated carbon may be at ambient temperature, pbut is
20 preferably in the range of 35°C to 100°C, most
preferably at or near 100°C. The alkaline aqueous wash
of the anion exchange resin may be at ambient temperature,
W, and is preferably in the range of 35°C to 50°C. Higher
temperatures may be used if the resin stability against
25 decomposition or degradation is not jeopardized by such
higher temperatures. The water-eluted NaADA and NaZADA
and alkaline material eluted vanadium salt from the
activated carbon and exchange resin, respectively, are
usually recycled back_te the circulating Stretford
30 solution without adjustment of temperature. The anion
exchange resin usually takes up an appreciabie portion
of any carbonate and bicarbonate ions in the Stretford
solution and these are also washed out by the alkaline



usual.ly recycled back to the circulating Stretford 30 solution w thout
adj ustnrent of tenperature. The ani on exchange resin usualuﬂ takes up an

"~ --appreci abl e portion of any carbonate and bicarbonate ions in the ‘Stretford =

solution and these are al so washed out by the al kal i ne -7- mater’ial %@sh
along with the vanadiumsalt and are flso returned to the Stretford -
solution. In conparison with the cost of the NaADA or [err] and vanadi um
‘'salt, the extraneous carbonate, bicarbonate, sulfate, thiosul- 5 fate,
sulfur and ot her such conmpounds have relatively little value. Buring the
washi ng omataziak/wrshraleng witdudhe yanadium shlh and areralddal i ne

oy doie medinh) cag Sertaita deuadds, °&2¥ Soijarifiss it b =1 10

er usiLn

e.g. 1y Oﬁg tﬁg?g %gﬁ?m % &"‘A‘Pm?ﬁt'of%l fate,

'th|osulfaeatuaneouercarhhnatexhhmcanhonnmehesﬁlfatéprthrnﬂumq<3n whi ch are
I 2 t n tol erable

al so. gwas &séeousumf eay;gf o&gefzg%ﬁ{ t@%ﬂphﬁﬁhﬁAﬁQ@ﬁeﬁéﬁtﬁ&i

anount s aig Eﬁz re-c I ng of tthe anion
exchange r&& mY?t @t kaline material to wash out the vanadium conpounds
and regenerate the resin nay be done at from ambi ent 20 tenperature to

e but is
é?ggg;;]bl (il fgtge&t; a tenperature 1 n F?Ieptrtgﬁlgigih?ﬂ og%%@ 50[err]
Conveni entP§detn ?Eﬁﬁﬁr‘é’t%ﬁ’ﬂtﬁrdﬁe%ﬂrlﬂﬁemﬁ:kﬁﬁke e.g.,
| NaOH, to wash out the NaAda or NazADA, vhich is pref- .
10 erably done using very hot (up to 1009C) water or (W,
alkaline material, e.g., NaOH, there somet;mes is a
relatively small amount of sulfate, thiosulfate or
other szde—products from the stretford solutzon which
are also washed out of the activated carbon, but. these
15 are in tolerable amounts and may be re-cycled along
with the ADA.

"~ Washing of the anion exchange resin with

alkaline mater1a1 to wash out the vanadium compounds
and regenerate the resin may be done at from ambient

20 temperature to 100°C (if the resin will withstand hot

' alkaline materaal), but is preferably done at a

temperature in the range of - 30°C to 50°¢. \;J
COnvenaently, the regeneration is done with the alkaline

, mater1a1 at a temperature closely approxlmatlng the

25 temperature of the Stretford solution when it passes
through the resin.  The alkaline effluent from the wash
cycle brings out the'Vanadium salt and usually contains
tolerable amounts of the carbonate, bicarbonate and
.other side. products of the Stretford solution which may

30 have remalned in the res;n following the resin loading
step. The alkaline material wash from the resin can be
employed as the wash llquor for the activated carbon
especially if heated to a temperature of up to
100°C.



material at a tenperature. closely approxi mating the 25 tenperature of thé
Stretford solutjon when it passes through the resin. The alkaline effluent
f.rom the wash .cycl e brings-out the vanadiumsalt and usually contains

tol erabl e ‘anobunts of the carbonate, bicarbonate and ot her side products of
the Stretford solution which may 30 have remained in the resin follow ng
the resin |loading step. The al kaline naterta® <wash fromthe resin can be
enpl oyed as the wash |iquor for the activated carbon especially if heated
to a tenperat.ure of up to 100[err]. -8- The ani on exchange resin may be
any of the strong or weak b3be abipnsexchange|xesin mayebesanyi of thehange

resins, bﬁt pr ef ergxidlahg lo az;elakglbhseomsmst&fagmw ﬁb&sﬁs&a,ﬁh?&ﬁioﬁf the
ani on exchange resin avai l.abl e_sone_are Qroys variety angd some
of the gel -type. _EhERaY $oad08, BOF Rrorteatny the Haaidydacparipf) tne
avai |l abl e fi nel y- ditdahgl baiser vardetyg aQfi tike cahidn gxchaalgeorksinssurf aces.
By "activated 80 £ALNE)eHdmecREbsot! th veidlety knfl sbhig KEOVN
activated carbon char Eat_riapg erived from carbonaceolds naterials may be

used. NaOH i s the P%® S*kal ine material to be used in the present
i nvention, especially because it is 15 readily available and relatively

| commercial grades of “suciiS ESTLySUal EhEioh i beany oy ERE De used
commercially available finely-~divided chars having
activated, highly absorbent surfaces. By "activated
U 10 carbon" and "chars" it is meant that any of the known
activated carbon char materials derived from carbonaceous

materials may be used.

NaOH is the preferred alkaline material to be

used in the present invention, especially because it is

15 readily available and relatively inexpensive, but other
alkali metal hydroxides, such as KOH, may be used. 1If
commercial grades of such alkalies are used which .
contain chloride impurities, these impurities may build
up to a undesirable concentration unless steps are

20 taken to limit the build-up. The present invention is
beneficial with respect to chloride build-up in that
while the process is effective in substantially removing
sulfates and thiosulfates from the treated side-streams,
it also substantially removes Cl~ ions at the same

25 time. For instance, a sulfur particle-free portion of
Stretﬁand solution containing 3800 pam Cl~ ion by weight (among
its other ingredients) is péssed through an activated
carbon filter, then through an anion exchange bed, and
the solution is found to still contain 3620 ppm €1~ ion by

30 weight, the solution at this point being purged- from the
system; thus over 95% of the Cl~ ion from the portion
of Stretford solution is removed and not re-cycled.



contain chloride inpurities, these inpurities may build up to a undesirable
concentration unless steps are 20 taken to linmt the buil Qiup. The

'-"'present i nventi-on is beneficial with respect to chloride build-upg in that

while the process is effective in substantially renoving sul fates and
thiosulfates fromthe treated side-streans, it also substantially rerm\%
C ions at the same 25 tine. FoP i"'nstance, a sul fur particle-free
portion of Stretford solution containing 3800 ppm Cl ion by wei ght (anong
its other ingredients) is passed through an activated carbon filter, then
t hrough an ani on Pucm‘eaw dfctheapteifecrred hotowater feximbt o still contain

3620 pp t p eing :

pur ged- ?lﬁil ?f)al %{;f&/rte%s&)cg#{rgﬂeé %%% ?#%%e portion of
Stretf oFG°§oF'§?Pon°¢% RAYOISe agWeONs: spdugjensdecontaiming n pl ace of the
pref err gdepgt o!‘@&ﬂic Oéonkﬁaurﬁi#eaudme a%ﬁheétébe\’\eﬁ méﬂiyiélﬁa activated carbon

compbunft 8RR a0 BRI ?%y?*"“ibi"%ﬁﬁsﬁ R A ance, it has

been davmenr/mbtdmi \/\b&/@r/\wdemme:at(i&’ﬂ 34Pade eadi o @34 [err]) and

wat er/ Oa ed to
recove%ﬁﬁ% %&8 [ﬁban C%[ S TS %’én‘e%?@#g as it
allows F PR N EQ‘F OR- atTHAF 8 vel y | over
t enper abgneficialias nity ﬂdq&wlmmmonbefathe aadtivate/e t he organic
Porig ONcRkben &€ Fr¥€lvely ldWerSiefibbratuse) bkt it T e 1

advisable to substantially remove the organic port:.on ' U

prior to recycle to the Stretford solut:.on.

Example 1
- A 700-ml. portion of Stretford solution is
15 taken as a side-stream from an alkaline mainstream of
‘Stretford solution containing dispersed particles of"
sulfur, a filter being used to keep the particulate
sulfur in the mainstream. The side-stream of Stretford
solut:i.on (34°C, pH 8.8) is passed through a column con-
20 ta:lninq 120 ml of activated carbon, 12-40 mesh (1700-425 pn) and
derived from bituminous coal, at 6.5 ml/min. The
effluent is then passed through a 120 ml column of a )
strong base macroporous anion exchange resin (OH™ form, 20-50 .
mesh (sso-aoo;m) ). The effluent from the resin is discai'ded;

25 Recovery of the NaZADA from the act;vated
carbon is accomplished by passing 700 ml. of 100°C
water (neutral pH) through the column at 6.5 ml/min.
Recovery of sodium vanadate, sodium carbonate, and
sodium bicarbonate from the resin is accomplished by

30 passing 630:ml of 34°C aqueous sodium hydroxide (4%
concentration) through the resin at 6.5 ml/mln.



A 700-m . portion of Stretford solution is 15 taken as a side-streamfrof) -
an al kal i ng mai nstream of Stratford sol ution containing dispersed particles
of sulfur, a filter being used to keep the particulate sulfur in the
nalnstfeaw1 The side-streamof Stretford solution (34[err], pH 8.8) is
pass&d-through a colum con- 20 taining 120 _m of actlvated carbon, 12-40
mesh (1700-425 [err]) and derived from bi Tunr’nGus coal, at 6.5 m/mn. The
effluent is then passed through a 120 nl colum of a strong base ’
nmacroporous ani on exchange resin (O4 form 20-50 mesh (850-300 [err] ). The
‘effluent fromthe resin is Thecfolboving Table I indidadesvdhe epbprhzimaleDA
fromthe activat etixﬁgﬁmgnofsmﬁwmg&&g odhEP Wit iinte, Oboddlfy val er
(neutral pH) thro%%:F he colunae £$1 . Recover éeg%lumvan dat e,
sodi um car bonat e §ongEeunes HPthb?%P ¥h« ARG S9 “FSS éﬁﬁllgh & by
30 passing 630 Mfamhd34ﬁ Zheecvagicusi sollyibmsd daAn(oifiitsoshewty atreodh
through the reg inﬁ@& 6 %gk - 10 - The following Table I indicates
nt? ‘vana

t he approxi mate a dat e, sodi um bi carbonate, sodi um

car bonat e, SOdIUﬂ]thIOSU|fate and sodlun1sulfate to be found in the
various solutions. Amounts shown are in 5p per liter. TABLE | ldentity
of Per Cycle Analysis of Solutions Solution ADA V[err]

Bi carb. [err] Carb.Jdemtityphods Sul f. [erPgr8t¥¢31€£Q’r_t§ wisl@f ISelatapns. . .
1.87 6.0 Bolution7  310ADA 28 _V Bicarb.? Carb.% Thio* sulf.®

Stretford, at

va 10 ' -the start ... 1.87 6.0 4 7 310 28
Stretford, after ' _
carbon ... 0.04 5.8 3 7 285 28

Aq.'eluate from
Ca.rbon e s e 1.85 o o . 0 . o :2

15 Stretford, after
resin ces o 0.8 2 : 3 260 26

Alkaline eluate _ - :
from resin ... 0 6.3 R 40 * 20 "0

_ 1 vanadate; 2 blcarbonate 3 carbonate; ¢ thiosulfate;-
20 5 gylfate : '

N ‘ By calculation, the recovery of ADA is about
96% and recovery of vanadate is about 94%. The sulfate
and thiosulfate compounds are substantially retained in
the discarded effluent.

25 Example 2
A material balance is made by accounting for

the ingredients in the recovery stream and the waste
(purge) stream and comparing with ingredients used in
- the feed solution and the regeneration solution.



Stretford, after carbon 0. 04 5.8 3 7 285 28
Agq. eluate from carbon 1.85 0 _ 0 98 . 0 2
15 Stretford, after resin .. 0 0.8 2 37 260

26 Al kaline eluate fromresin ... 6.3 5 . 40 20 {:
[err] vanadate; 2 bicarbonate; 3 carbggate 4 thiosulfate; 20 5 sulfafE{By

cal cul ation
about 94%
in the discarded effl uent.

the recovery of ADA is a
The sulfate and thiosul fate conpounds are substantially retained
25 Exanple 2 A material

ut 96% and recovery of vanadate is

bal ance i s nade by

accounting for the Therfeednislutidmg ir.acothey beginaingndtreefondt e (purge)

'ﬁ%%lnc%.hﬁﬁl@ﬁ?@g@OEHﬁfgfnénd the

gupd £g

I on.

strean1ang8§8§§§£?

regeneratl

being parts by weight.): [err]
kalinity

38.724.0 5
Hzéls 8* ADAY

83.8 [&wr] (as "the plkadbimittwnte) -
1,064.0 10

11, 853. 6 Na2S@4 -
Navo§ EegePeIaI'P”.QPRUR'Qn.qu|OYQ§5dBF'n9

g

sol uti on) (8ddi myapkities heing m@mw

utron

tretford
guantities

‘38, 72273 4 [err]
'373.4

I AN NG
iiig contains (all

ADA . ¢ v ¢ « s o o 0 o o s . 83.8
Na,S,0; (as the pentahydrate) . 11,853.0
NagSOq . « ¢« « ¢ o ¢« ¢« o « « «11,064.0 B
| . J
10 The regeneration'solution employed during
the monitoring comprises:
HoO . « « « « o« « « « &+ «.« « o 59,803.8
NaOH . « o ¢ o ¢ o « o o ‘o s .o 625.4
The above quantities represent the total
15 amounts into the process. The total amounts out of the
process are represented by the amounts in the purge
(ﬁaste stream) and the recovery stream (for use as
recycle).
The purge during the monitoring is: .
20 NaOH . + v v v o o o« o o « « & 267.8
HyO « « v « o v o s « v « « . 38,724.0
Alkalinity . . . .« o e e o o 260.5
NaVOs « « « o o o ¢ o « o o « 34.7
B -~ N 0
25 Na;S;03 (as the pentahydrate) 11,289.0
NagSOq + v =« o = o o o o o o o 988.0

-
.'



the nDnitoring conprises: H20 . . . . ... . . 59, 803. 8- hﬁ%h
S .. 625 4 The above quantities represent
ihe total 15 . anounts into the process. The total amounts out of the
Pprocess.are represented by the anounts in the purge (waste stream) and the
recovery stream (for use as recycle) The_hﬂgge during the nonitoring is:

20 NaCE . . . - : ~€ T 267.8 B20 . . .
38,724.0 AIkaIrnrty .o ) oo 260.5 [err]

e gh ADA : .

0 25 [err] (as th seﬁmmtdéarmgl@?aml[temg is:

ST 988. -12- The recovery during the noni toring is: NaCH

Coe 357. r C . e -

59,803.8 Alkalinity . . GNLSﬁ 1 R 112 gg " 3E7r?] S

. 191.1 B « ¢ «.o 4 oo o e . . . . 59,803.8 Na25203. .

(as the pentahydrate) SRR MNRSEA, . ... 112.8 76.0

From t he abovesfrgures t he ﬁ?@&ﬂt of recovery 10 “of ADA NaV??

alkalinity, and NaOH i s abol 100@6 * " Al kaFrPhr }y

30.2% [err] . . . . . 84.69%ADA NaOH oe 0 0 3720 83.8
Naz;S,0; (as the pentahydrate) » 564.0
Nazs°4 . Y . O . . . s o . - . 76.0

:va | : ' From the above figures the amount of recovery

10 of ADA, Nav0;, alkalinity, and NaOH is about:

ADA . . . . . . 100% - Alkalinity . . . . 30.2%

NaV°3 . . . ¢ o 84 . 6% . NaOH . o . . * o - 57 - 2%

NayS,03+5H,0 . 4.8% NasO, . . . « . . N7.1%
The amounts in the purge are about:

NaV03 . . - . 'o . - 15 . 4% NaOH . » - . . . . 42 . 8%
Naz 804 . L] . . L) . . 92 . 9% .

_ In the above ingredients the term "alkalinity"
is used to account for cbmpounds which have formed
20 salts with the NaOH during the tail gas scrubbing
operation using the alkaline Stretford solution, such
as sodium carbonate and sodium bicarbonate, but the
sodium thiosulfate and sodium sulfate are treated as
separate items.




[err] . 4.8% NasO4 . . . . . .7.1%The anounts in thejpurge are
about: 15 -ferr] . . . ..95.2% Akalinity . . . 69.8%[err] . . . . .

15.4% NaOH . . . . . . 42.8%([err] . . . . .+ . 92.9%In.the aboVve %
ingredients the term"alkalinity" is used to account for conpounds which - .
have fornmed 20 salts with the NaOsdsring the tail gas scrubbing operaﬁﬁBn
using the alkaline Stretford solution, such as sodi um carbonate and sodi um
bi carbonate, but the sodiumthiosul fate and sodiumsulfate are treated as
separ ate CLRIMS: -13- CLAIMS: 1. A process for treating a used,
substantially sulfur particle-free, Stretford process al kali ne agqueous 5
sol ution containing ant hraqui none di sul fonate ions and vanadate ions, the
process conpri $ingd pootessi Higrttreabing i amsed h sutistearttadchldar bon to
separate Ui LepLlo t ' tg&ﬂé tacting
t he sol ut ?g%gé\ngt ﬁégﬁﬂg%goﬁ%é&h@{@g%éfg’g‘? npf%éés)seé?airig{éeﬂﬁ\ee vanadate fromthe
sol ut Pon, sebukianngonteiring AN RAARIRORS Lébi}bffsQﬂach di®nmhi ch i s
substantiahhyvgﬁahgggdigﬁsfhgh@. PoAEss NOhRp#i Sifld onate and the vanadate.
20 2. A process as clainmed in claim1 wherein the solution to be
treated is substantially free of any .

contacting the solution with activated carbon

to separate anthraquinone disulfonate from the
10 solution,

then contacting the solution with an anion ~
exchange resin to separate the vanadate from the
solution, ' ' )
15 _ - _
obtaining thereby an alkaline aqueous solution
which is substantially depleted'of the anthragquinone
disulfonate and the vanadate.
20 2. A process as claimed in claim 1 wherein the
solution to be treated is substantially free of any
particles.
3. A'process as claimed in ciaim 1 or claim 2 \;;

25 wherein the solution to be treated is separated
from a.used Stretford process liquid containing
sulfur particles. | |

_ 4. A process for controlling the amount of

30 sodium thiosulfate and/or sodium sulfate in a
mainstream Stretford process alkaline solution,
‘the process comprising .

* € L M s x



particles. 3. A process as clained in claiml1l or claim2 25 wherein the 26
solution to be . treated is separated froma used Stretford process.liquid
gontai hing sukfur particles. 4. A process for controlling the amount of 30
sodi.um t hifosul fate and/or sodiumsulfate in a mainstream Stretford process

al kalT ne sol ution, the process conprising~ 14-14- contacting a portion of

the Stretford solution, whi ch portion is substantially free of sulfur
particles, with activated carbon to substantially renove anthraqui none

di sul f onat e t her ef r onfostattingoat pertion ok the Stretfeord 8olutionhn an

_anion exchange rg ﬁwht%ﬂgi’éﬁaﬂé'éﬁﬁytémﬁ?’f{f#t&ftaﬁﬁif Martities,

follow ng which t tion nOM/contalnlng no ant hr aqui none
di sul fonate and VbhRapGthyatedFarken ko suhskaRtially EAMAYSi ng nost, i f

not all, of the hhtRPabhehénendistlSondeé cthéréf sy ded fromthe anion
exchange resm5 15 5. A process as clained in any one of the preceding

clai ms wherein®the Stretford process al kal i ne aqueous sol ution cont ai ns
di sodi um ant hr.aqui. nonthen scabhbaat bngnthe odit et feund dsxb batadsont hel ttnt hr aqui none

di sul fonate 20 agd ¥aPaHabgchoRSe @QQiﬁU£$r§ﬁbé¥gﬁfiifﬁ§“¥uﬂg0

vanadate therefrom,

10 following which the solution, now containing
~ little or no anthraquinone disulfonate and containing
little or no vanadate, but containing most, if not all,
of the thiosulfate and/or sulfate is discarded from the
anion exchange resin.
15 _ :

5. A process as claimed in any one of the preceding
claims wherein the Stretford process alkaline aqueous
solution contains disodium anthraquinone disulfonate
and sodium vanadate as the anthraquinone disulfonate

20 and vanadate ions, and further contains sodium
carbonate, sodium bicarbonate, sodium thiosulfate,
sodium sulfate and sodium hydroxide.

9, ' 6. A process as claimed in claim 4 or claim S
25 wherein the used Stretford process liquid from which
the portion is separated contains sulfur particles.

7. A process as claimed in any one of claims 4
to 6 wherein the said portion is substantially
30 free of any particles,

8. A process as claimed in any one of the
preceding claims wherein the carbon is regenerated

* 4 L M S *



car bonate, sodium bi carbonate, sodiumthiosulfate, sodiuni ul fate and

sodi um hydroxi de. 6. "A process as clainmed in claim4 or chkaim.5 25.wherein
“the used Stretford process liquid fromwhich the portion is separated -,
contains sulfur particles. 7. A process as clained in any one of cléinsgﬁ
to 6 wherein the said portion is Bubstantially 30 free of any particles.”8.
A process as clained in any one of the preceding clains wherein the carbon
i s regenerated -15- by using an aqueous wash to el ute the anthraqui none
di sul f onalp®. UL IR ARGEEORs wash i elnts dhe antireguinone 5 aqueous wash
has a tenypfsqisbgatd, the range of from35[err] to 100ferr]. 10. A process
as clainmed in claim9 wherein the tenperature is substantially 100[err]. 10
11. A process as clainmed in any. one of clains 8 to 10 wherein the aqueous
wash is al kal ige. AZprdcesdces chminddiitedlaimngy whiezedh tthe 15 precedi ng

aucons igiert el Tk ¥ AR 4 SROTRRGAL S Bl 1D Ui

wherei n 285t@etal KB ?®e aqueous wash has a tenperature in the range of from
35C to 100[err]. 14. A process as claimed in claim13 wherein

10. A process as claimed in claim 9 wherein the
temperature is substantially 100°C. |
10
11. A process as claimed in any one of claims -7
8 to10 wherein the aqueous wash is alkaline.

12. A process as claimed in any one of the
15 preceding claims wherein the anion exchange resin
is regenerated by using an alkaline agqueous wash
to elute the vanadate.

13. A process as claimed in claim 12 wherein
20 the alkaline aqueous wash has a temperature in the
range of from 35°C to 100°C, '

14. A.process as claimed in claim 13 wherein
the temperature is in the range of from 35°C to 50°C. U
25 | |
15. A process as claimed in any one of claims 4
to 7 wherein the anthraquinone disulfonate is eluted
from the carbon by a process as defined in any one
of claims 8 to 11 and the vanadate is eluted from
30 the anion exchange resin by a process as defined in
any one of claims 12 to 14, and the so-recovered
anthraquinone disulfonate and vanadate are recycled
back to the Stretford process liguid.

O




the tenperature is in the range of from35[err] to 50C. 25 15. A process ad¥¢

.claimed in any,one of claims 4 to 7 wherein the anthraqui none disulfonate

,ls el uted fromthe carbon by a process as defined in any one of clains 8 to
gﬁ‘ the vanadate is eluted from30 the Zglon exchange resin by a process
d&fined in any one of clains 12 to 14, dnd the so-recovered

"ant hr aqui none disulfonate and vanadate are recycled back to the Stretford

process |iquid. i% rocess cI med i.n claim 15 wherein the

ant hr aqui none di sul f bhat eAlgr R LHF W@cé& claim JPnwhersin £hMh 11 and

tlhe al kﬁl i ne ﬁqumrmmém@miMﬁnm @Ehﬂ.ﬁﬂ:‘éd da p&gbaeelgsei Sto

el ute the ant hragui non S te car.bon

process as clai ﬁa%f'eoﬁ!l %eiﬁ ﬂ?te 5‘?‘? &8&5?38 §8Fut| on. 10 18.

A process as cl awa:ehi fnomlehenanmn cdxghanges uestiantisalthgnagskedr ei nbef or e

described in Exagpl £1de &' e WM frdquinone disulfonate from the

activated carbon,

17. A process as claimed in claim 16 wherein the
wash is caustic solution.

10
C- 18. A process as claimed in claim 1 or claim 4
A\ substantially as hereinbefore described in Example 1
or Example 2.

I
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