WD 2008/ 143819PCT/ US2008/ 006066 1 WASTEWATER MERCURY REMOVAL PROCESS FI ELD
OF THE | NVENTI ON 100011Thi s invention relates to nethods for renoving
mercury fwemnastavat er streams and, in particular, to petrRrRdsshfdoss €NMOVi Ng
mercury from wastewater streans from petroleumrefineries and ot her
petrol eum processing installations. BACKGROUND OF THE | NVENTI ON

[ 0002] Natural gas and crude oils produced in certain areas of the world
contain nmercury in (WASTEWATER MEREUWRYREBOVAIL FRIOCBSScessi ng

probl emati cal . For exanpl e, hydrocarbon condensates derived from natural

gas produced in certain regions of southeast Asia may contain over 1000
parts per hjlliag i of nmercury, while crude oils from
certain rb*JSH@(qui?€§§55%§&§§§Q%ent|y contain well over 2000 ppbw of
mercury. The produced waters fromgas and oil wells with elevated | evel s of
mercury may al so contain high levels of nercury precluding their discharge
to the envi00@dkent This tinvenfiorecielates utor methodat font rewoNiRg migecurpit éronand
the oil or s in the subterranean. prodyction interval. Wastewater .streans
associ at e AP ER Al HERAT gty 1 ARICHIeF. P mAtpds (05 TEBIAVIRG, MEFRDH fTOR | si ng
from cont e i r r .The
cont act n2§5?§ﬁ§“%|§§§?9§0r eﬂgﬁgﬁg%hby 5ﬁgggﬁg ﬂﬁgﬁg@ﬂgﬁ aqﬁg%ggnﬂg
treat ment mktadaBNEO renove ot her contam nants such as nitrogenous
conpounds. [0003] The nercury may be present in several forns including
ionic, elenental, particulate and organic. Crude oils, for exanple, may
contain egﬁ ) P ry. hy L Ay be oxi di zed in various process units
t o produceX®a AUNIY O IR INMENTION 5 conpl exes. Additionally,

anaer obi c bacteria WO 2008/ 143819PCT/ US2008/ 006066 2 can convert suspended
mercury in particulate forns to water-soluble organi¢ forns so that
transfer bHOMBEN t Naturab gesianghtrwiseoile produceds in egdiainy ar¢3008 thihevenidsence
of the mercury. rai ses probl ens of hmo ki nds. First, the nercghé naﬁ 3ttack
the met al sCOHABEELY ip WgnHpRe Rvilisentie repderthedrproressing groklemateal i s a

pr obl em whicGh ok anBROSR @bk A DR AR, dd B IRAP syl WIL WAL jn

al um num oys, such -as e Co oxes in cryogenic as

et hyl ene sentdidtregfonsosNdontheRat ASRNAAYCEdntH byeRNG0D pdted PERADIIGdR by
treatnment installations. The presence 0f nercury on the equi pnment may al so
di ct at e itweightdppbw) afsmesany dedslevarsile oitsefronecentainh fagioms of \Argentifder cury
poi soni ng y al so reduce the life of :progessing catalysts. [0005] Second,
nercury, adCYyeTElYerHam we twopkﬁ%b"%gﬁﬁ’@ﬁr%@-d@? PeQdecaduvaters fropby ed

mmy occur &5 a1t SRR et BsRo R Rur SRR AR g RS e Al g or
from the UsRr&QlryPpiRERIINS REM diRGRREE 18 1HEl &fviktASerthAWMhd ARlecASedMIC B as
20% of the mercury in the crude can"enter a refinery wastewater stream In

any event, comactebetweghythet miatgreand ehe i oiboregdasain theg subtarcameangieduttion
necessary to renove the mercury fromthe water before it can be discharged
to the envitggwakntWastewaifr HrAMD Aptoetaied (With tprogessinathe gae andseihange

I Q0.1 ppbw. The difficul i,n.deal i ith :
o our y- coHot S GPBHRLY ATRRE i Kt FREER Se s oV ale By ¢ he
fact that j ”t%@ﬁ%'foﬂgét}’e nvs! O TR OG At ﬁﬂhgf{ ﬂé‘@}lé&ey ffﬁf bdsRplavy tRdudd ot he
ph¥|es 0 &t Pevd s Py.

use of su crude containing hig mer cu

[ 0006] Cur rwatdryor faguebes hreit@ghe Strramsauairefiove btier ' SMYIGanTe  stichy a r om
streanms of wastewater and produced water. The main commercial technol ogy
avai | abl e mignogenews compavndury in water consists of addi ng one of several
commerci al |l y-avail abl e precipitants, usually sul fided polyners, to ,
precipitate dissolved ionic nmercury and renove it by neans of gas or air

desor bed IROBYS “BAPMEREY o, dBectl ity A RABG S OMIEB: 1 S

effective éemearay ipagtiéilatedahll 6fgaiiie.cUCtull@Usits, i forvegiRpRs, emalyi @Bhtain
species as Hg2+), it cannot renove all nercury species ich may be
present, i¢lemedialgnemcaoy biot thipamay baloxidized in vayious procesd units| tergrodace
mercury (Hg(0)), . present either,,as such or dissalved in mnor amounts in
t he wat er,W WH‘SB}‘&J%isélt%ﬂ’lgurﬁgzﬁﬁpa(ﬁoﬁgﬁﬁfﬁsrmﬁéﬁﬁtWUYaﬁﬂaﬁph@tlPﬁﬂte“a
mercury. \Were significant amounts of nmercury or nunerous different species
are present and effluent Iimts are |ow, existing technol ogies are not
likely to renove the anobunts of mercury necessary to achi eve environnental
conpliance. 10007] & her proposals for treating agueous streans to renove
mercury and ot her heavy netals are found in U S. Patents No. 4,814,091
(Napier), 5,667,694 _ (Cody), 6,165,366 (Sarangapani) and 7,092, 202
(Zhuang). Prefiltration followed by pH adjustnent and sul fide precipitation

o, . Y




4 regardless of the formin which it is present, be it ionic, elenental,
particulate or organic, with the objective of achieving an effective
removal afobbg/Asggury contam nant to | evels acceptabl epf@fsdbosoh@cee to
the environnment. [0009] The processing,according to an enbodi nent of the

i nvention conprises four primary renoval steps. First, a mercury

preci pitant, which targets dissolved ionic species of nmercury and converts
them to wada@r comept Yaberfdetnimescddied phAidule fpraRUD Waterasolublee ofgnis i ty
of these precipitated solids, as well as sone particulate nercury and

hydr ocar bderms sbdhatrtaanisfer betweehdhe tub selyscohspsciesoesurs reéadilyeans of
flotation, usually operated as dissolved air ,induced air, or induced gas
flotation. Follow ng the renoval of the precipitated solids, additional
particul at[@0esp prEké présehee of ohé endreligiayses BYObBRImS 6f ae6 &imds. SRist, ive
filtration, suitably with a nmedia filter. Finally, activated carbon acts as
a pol i shi myexsuey may rattaskethehmetalprannprogesting siquapmenhby ther fumatiopeef es as
wel | as elenﬁntal aﬂd organi f or ng, f.nercugﬁ. Thi s, co ination(H

pr ocessi nd#lgams; dhis,is @ Rrogem (Khich; isgespscially petable il ttemps mader phm

vater t haty IR PURHIALRI MIARE LIS ARSI Sn LOOIART BRaiE i f or

removing mercury in-ion n2ionic _ rom-an reamin
accor dancexsWd eftiyded RRpharAbrst feurtl & epdtrodheatitalomnitCandian Astaralg ?QS

wat er - sol ubl e nercury precipitant to the aqueous streamto react wth

di ssol ved treatmeny insallationss Jhespresence vfienercnpaont thef oquipmendtroay ialsm| ubl e

precipitate of a nmercury conpound. Non-ionic fornms of nercury ich may
al so be prcﬁg@m its ﬁrqaﬁ@eaaaé%@r@wém%wq}%!e%w% om semvi¢e uMereBRbounds

Comound TOHae SR sadol® WAL oSS G BB, TolnC of T Gt et on

al ong with hydrocarbons which may be present. The separated aqueous

solution i en passed through a filfer to renove residual precipitated
mer cury cdﬁﬁ@ghds FRPIe MFTSUFY, | a5y aft éfeme%lt ERPYAIDH AT caBtRche |d@§té1>ye6§

over ot ViR o Pic: ORE Ao SHa J3, ARAREE Pyl phafiRrorsple s SRRRFC o

vel | as el@rapisal TRRANAY RBUE bf Uirket @bntARf G4ty thel ALK, TR SXBAPIE, Yduring
precipitate may conprise a conpound which reacts with the dissolved mercury

conpounds wagserg tori fromhthestsecafipracetosteamnt Recent studidschavd shales thét as
mercury. The nercu&y Frecipitant may suitably conprise an al kali netal

sul fide, dRughRraRPYeet the BHErguyIin thecruds cancaterrelimary wastewatsr sireams, an

al kal i ne rth netal. polysul.fide, her. mer cu reci.ni tants include

Chi azol o ARy ereirirea iRy stinee SBvirkhipiehlal rRedkng AR Boiblo

atkal i meted! rorobddhesmardhed! il (B! Bhick [bHBHOGRIANBE CdiscHrBed’ &/ 1R

cl ass of water-soluble nerclUry precipitants are the polyneric

di t hi ocar bavironsnert O Retkenh envieonmehial liatitsmmyphavprthe dischdrigd tangeti s lowl t er
e.g. a sand- anthracite. DRAWNGS [0013]Fig, 1 is a process schematic for a
ner cury r easoQdl ppbwe es$he rdifiewtydndealinghwith eepouy raontaiping keudes eaficht

i tion. TAI LED DESCRI PTI ON [ 0Q14] The .fol.l ow f. d, enbodi t

of the | mathien BRrGIPURRIEEm s by the fack thpRleasiel Canplaees SF™ °
ti . S : .

Poohe] As_dRgfnbdliy (HAOERYENEARS e ¥ of BubBfics M GHE Toaiblify BRI TE1Y

a treat nernevelgiof mhé@icupr.ocessi ng according to the present invention by way

of line 10 where it nmeets an injected aqueous stream of water-sol uble
mercury precipitant entering fromline 11. Upon m xing of the two streans,

whi ch typi t C i j: . } : I rs to
preci pi 1 atl2006h 2osBreRE Eat SR blnift aGRE RNl SR At ERRAAR BORTC
of sol uti aitreatiteof Wastswdtbe angdgiedacddivatet. f Thé ahadncordiiierdidl itechiolegy t he
precipitated solids are separated by flotation in the conventional manner.
The 1i qui caviaileblet Her ftresdingt ineercurhkint waterpaessistst bf cadging i olee 1 sevdral t er
14 in which residual precipitated ionic rcur rticles are renpved. The
resul ting qqmm&lé?m@ﬁﬁwgsggeqwmhuw § fldg vBOYENCIE s 19 pregipitate

oget her wioioerLAGEeErs EL KB I o CHRRlS R BAS28P ANCROMAE TRLTULY

hydr ocarbons. The water, essentially free of all nmercury species then

| eaves the treatnment unit through line 17 and can be foll owed by ot her
treatnment steps which may be necessary or desirable, for exanple,

bi otreatment to reduce chem cal oxygen demand or, if the streamis by now
in conpliance with applicable regul ations, discharged to the environment.

[ 0016] The present nercury renoval process is applicable to aqueous streans
whi ch contain nercury, including wastewater and produced water streans. As

o o o o o o, o S o,



WO 2008/ 143819PCT/ US2008/ 006066 8 earth netal polysul fides, which are both
econom ¢ and commercially available. Oher materials which my be used to
preci pi t ayg 255&?14$ECUW in sulfide forminclude the thi @é‘f}lﬁ%osﬁh& i metal
thi ocarbamates, al kali netal dithiocagbamates, alkali netal xanthates and
al kali metal trithiocarbonates such as sodiumtrithiocarbonate (Na 2CS 3).
The appropriate anount of the precipitant may be enpirically determ ned.
[0019] To sathfifie tdtetHisadnd ds desoEibad inCEHVS:NBakat 396N6,63/5a182 $CbR@Far)OXi C
and also forns a large, fast settling floc, highly efficient netal

chel at i ng Athgugh shisamethnsl isreffeotiveratirahioying dhe dnilk ehtherbwyefamd isef ul
as nercury precipitants in the esent process. Water sol uble pol yners of
this type VafFWa rt(H@‘ﬁéP?@F?ﬁ?S’i&rbdﬁﬁ?@%mvmv MGFCHER APeAeLMNIGke | y i n

tselt Cor Tap B EESeMt ioBal HEEH I RErBuBte RAHS ArpBRbil, elfeftil oy ¥
for eX&Wp'rﬁerduﬁ‘%lélé%éogzgﬁéﬁeﬁt other Qsmhl&(%dis%ﬁ/%aaﬁgﬁiin& ardufits’in the

5,164, 095; and and are currently markete y Bet z- Dearborn Inc.
and Nal co water,, anddangahive mereweyt primcipallylenonomsthnfl akdr dimethiyh ewoGirgnd
NALMETTM Precipitants of this type are preferred for use in the present
process i nWicERsignlicant amants of megcwyoR Rwmsrqusydiieretspgeies iase PEasENthi ch

b di| d i fl i | th h,
Conine codtid SRERIANES aLfI0HT sMIMDENERaRRes 3 B0t RSB FIRTE IR <o
60 ppb_mergeibnts Wi tnettBrheddiearyabahRIE\ B roRROHIR! ddmpliddtcocar baret es i

anmopunts up to 30 ppm has been fdund adequate for substantial nercury
renoval but in all cases, the necessary amount relative to the | evel of

ionic mer -£0ont am nan I et er m ned irically or by reference
to suppli gﬁ%?fect_@@% aP’E’Bé%S%’fﬁreHﬁ%t?%??‘% ugcﬁt%%%tos?eé?év%&eﬁéfrlyya ed at
near - neut r(ﬁhep.ﬁeai}y Aletdly afd Klrd i TS9P Atk RIRSNo Wt 18144 1‘@*’?@%@?9 d69,6b4ei ng
typi cal, although’l ower and hi gher pH val ues can be’tol erated. The nol ar
anmount of (Cuoely3eb,865Bé6(Sacingapani) and F09R,202 [ Zhehng)q Priefil thati armnfol luw el
mercury ions -to be renoved with a slight. WO 2008/ 143819PCT/ US2008/ 006066 9
excess prdheridl gdmstment, aade sulfiden reeipitation afejtovsd ey eHoegulghien a1d ant s
such as saodi sul fide shaoul ho er e i~ded th | ead, t 0 t he
For mat on HtlRtion S g an Be Atod e Ve BLE0RT: o Bic amiitof Hhserid bioval
of mercur okl i

Ul 11 dos g s NEET R EET anfURRASay Spfticn! DAL ¥ap JHEF DS SYBe RN o M

perm tted watenadantaitigg ey g@asovaddmetalc eAceedtaiont dlettehadsptpd @6 icohtiandss may

be toxic in thenselves, care nust be taken to ensure that they are not
present i ruseHs dgserdbrd gell Sno.d6évihite whigh aisee sequensioh hyypectderite gkidgtion,
excessive anounts o recipitant is that residual,ampunts wll tend to be
ctsor bed TRtOhe a8d - Bl o fitreaTio dNine (AR SR plih dhe FEL The
optinmal a . . & Iy : 0r: L i t C

opt il aTRMBHLEE IPLACT bl SIAMCHOhSC AR R ERCPEIE e
the preci pdmpaand Wiﬂptlféaﬁ;e‘ﬁéux?faéﬂ ptHeageétal @y WhidAG codpulandR- d&dFo

al though tenperatures outside this range are not to be excluded. The

aver age r dormenflectwhiehiin tharesqpastdias atsledgest heshonettiods havehavoiegh to

enabl e t he resillcti Oﬁ*to tlake pLace hrougqh the body of liquid and for the
preci pi t atPLHoMdy Famsalyes g FréPféCIFFb I}MPYe JBCICHRY R INRY VaskEWeuat e

and suffigj ipitates formed by reaction of
the mer curfeart 19 HRAEY el fekiedtorGREBIaRRcRipIALR, = )0 P) ol 1 s,

mer capt ans, thiocarbonates, thiocarbamates and xanthates are usually in the
formof fine solids which do not settle or filter easily and for this
reason, arSUMMARYiIOFdHD INVESNTHONand may even pass through nost
filtration systens. Addition of a coagulant or flocculating agent is

normal |y preferable to achieve efficient renmoval of these suspended solids

ol yner o TDORF oc At bvap ekt bf I e RE AV ERIAR ) pkigl 1 £ iolding
floccul at 't@&hlﬁﬁﬁ@t ForR¥mBein e GHercREY ! ﬁ‘oﬁng‘ffsuﬁﬁﬁs Vittdhrhd 92 2. e RhsteWhter,

i nfluent free hydrocarbon and/or suspen ol1ds to help Tenove these
cont am nargredacet] avater] pelwess estigah®y) aohicings weffoctivee toeranoye pghescinpdtalant .
Sui t abl e coagul ants and flocculants are organic or inorganic, or a

conbi nati on of the two, and may be WD 2008/ 143819PCT/ US2008/ 006066 10

pol yneric, either anionic or cationic and usually can be categorized as
pol yel ectrol ytes such as sodium alum nate, alum numtrihydrate, and ferric
chl oride. Polyneric organic coagul ants and fl occul ants i nclude the

pol yacryl am des, diallyl di methyl anmoni um chl ori de ( DADMAC) pol yners,
DADMAC- pol yacryl am des and epi chl orohydrin di net hyl am ne (EPI - DVR)

o e - - o




[0026] Pil ot tests were conducted to confirmthe effectiveness of the
mercury precipitant and nedia filter on the renoval of nercury on

wast ewat e‘g,ofzf,éyﬂ@mpet roleumrefinery by spiking the efflpgenlfdsRtdokdre | AF
(I'nduced Air Floatation) unit with negcury to sinulate the wastewater

expected when running high nercury crude. The test wastewater was spiked in
the testing with 30 wopb WD 2008/ 143819PCT/ US2008/ 006066 13 ionic nercury

(nmercury clebardles)ofthd foffahedhivhtib is/prdsents banpioiis, démeheal Bartidtlate or
precipitant, GE Betz MetCl ear (MR 2405), before being passed to a settling
tank to peonganicsowith rthermhjective o achiavingianacBactévd removai of dhe mersusy a
cationi ¢ coagul ant, Betz Klaragid ( 1337),, was .added to m nim ze

i nteracti o‘fP"g%‘P\'/@é‘ﬁ tﬁ"é’ﬁ%?f?ﬁe&a&ﬁﬁgﬁ’ﬂgﬁ&ﬁéﬂﬁé‘é%ﬁ?‘ﬂé‘”gﬁ@‘%t Clear as well
as inprove settling of the pin floc produced. The effluent fromthe
settling tank was then filtered through a nedia filter conprising sand and
ant hr aci t 0008} cur Th¢ epeicessinge ageersling dtobefnorembodimanéciofi thentinzeation on

and before and.after the nedia filter. The_six week test conf.irnmed H}gt at
opt i mal cr@mraa‘»esdg%l?rngrlné&r@s{er@@v/alnétﬁearyFFého%ame%w dPrsEIPi@Rbe WUCR s ng
t he mercur o] t. ' . | L i ' . 9%
r enoval oft)él&é%tggp\%gé%?olﬁ P}(y %Céggﬁgﬂgg&%&%ﬁ%d%ﬁﬁgﬁ {(} (ka&{/az rém%ﬁ{brl]eg

treat ed et Rideédaonte irjuebus BReslal EThe aihjbiity bf Biese.pretipRatedTiflids,
addition of the air flotation step could be éxpected to’'inprove filter

oper at i on s melleas sofrie partiqulatel merunry dand bydeacadron enntaatinefitss fage then
precipitated soli d& pri or%g entry t he filter bed. [0027] The results are
shown i n gquently EROVEDbY 8RN 8 nyqssvely censreisdi2s dissplved aienpyal

i ocoul ancripiretig bR apduciEe bR, iiovine S8 rbARAEHEN baskBiflassd
Reroval & Dididse madditiondBtfdrfitilate DM 1prlipitat®®- {8hic hverBul) 4refndval is
accomplished by filtration, suitably with a media filter. Finally, activated carbon
acts as a polishing step to remove the remaining dissolved ionic mercury species
as well as elemental and organic forms of mercury. This combination of

. processing steps is capable of achieving levels of mercury removal from water

that have not previously been thought possible.

[0010] The method for removing mercury in ionic and non-ionic form from
an aqueous stream in accordance with one aspect of the present invention
includes adding a water-soluble mercury precipitant to the aqueous stream to
react with dissolved mercury compounds present in the stream to form a water-
insoluble precipitate of a mercury compound. Non-ionic forms of mercury
which may also be present in the aqueous stream may include organic mercury
compounds and/or elemental mercury. The water-insoluble precipitate of the
mercury compound is then separated from the aqueous stream by means of
flotation along with hydrocarbons which may be present. The separated aqueous
solution is then passed through a filter to remove residual precipitated mercury

compounds and form a filtrate of water with a reduced level of mercury, The
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filtrate is then passed over activated carbon to remove residual dissolved ionic

mercury species as well as elemental and organic forms of mercury.

[0011] The mercury precipitate may comprise a compound which reacts with
the dissolved mercury compounds present in the stream to form water-insoluble
sulfides of mercury. The mercury precipitant may suitably comprise an alkali
metal sulfide, an alkali metal polysulfide, an alkaline earth metal sulfide, an
alkaline earth metal polysulfide. Other mercury precipitants include thiazoles,
alkali metal thiocarbamates, alkali metal dithiocarbamates, alkali metal xanthates
and alkali metal trithiocarbonates. A preferred class of water-soluble mercury

precipitants are the polymeric dithiocarbamates.

[0012] The media filter may comprise a dual media filter, e.g. a sand-

anthracite.

DRAWINGS

[0013] Fig. 1 is a process schematic for a mercury removal process in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0014] The following preferred embodiments of the invention are described
by way of illustration. All stated proportions and percentages are by weight

unless indicated to the contrary.

[0015] As shown in the Fig. 1, the mercury-containing aqueous stream enters
a treatment unit for processing according to the present invention by way of line
10 where it meets an injected aqueous stream of water-soluble mercury
precipitant entering from line 11. Upon mixing of the two streams, which

typically takes place readily in the flow lines, a reaction occurs to precipitate
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dissolved ionic mercury out of solution. The stream then passes into a flotation
tank 12 in which the precipitated solids are separated by flotation in the
conventional manner. The liquid from the floatation tank then passes through
line 13 to filter 14 in which residual precipitated ionic mercury particles are
removed. The resulting filtrate then passes through line 15 to vessel 16 for an
activated carbon polishing step in which remaining dissolved ionic mercury
together with elemental and organic mercury are removed along with residual
hydrocarbons. The water, essentially free of all mercury species then leaves the
treatment unit through line 17 and can be followed by other treatment steps
which may be necessary or desirable, for example, biotreatment to reduce
chemical oxygen demand or, if the stream is by now in compliance with

applicable regulations, discharged to the environment.

[0016] The present mercury removal process is applicable to aqueous
streams which contain mercury, including wastewater and produced water
streams. As noted above, such aqueous streams are frequently associated with
the production and refining of mercury-containing hydrocarbons and with
production of petrochemical streams made from such hydrocarbons. The
aqueous streams may be encountered close to the zone of production or,
conversely, may be encountered at distant processing sites if the hydrocarbons
have not been treated to remove the mercury before shipping. The present
process has been proven to be effective at treating streams which contain levels
of mercury up to 60,000 ng/l (nanograms per litre, equal to 60 ppb) through
testing; however, it is anticipated that treating streams having as high as ppm

levels of mercury is feasible.

[0017] In accordance with the mercury removal process, the aqueous stream
containing the mercury species is subjected to an initial precipitation step to
convert soluble mercury compounds in ionic form to an insoluble condition so

that the compounds may be subsequently removed by physical means. To this
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end, a mercury precipitant, that is, a compound which will react with dissolved
mercury cations, usually Hg®*, is brought into contact with the aqueous stream in
this step of the process. Contact may be achieved by simply adding a solution of
the precipitant to the aqueous stream and mixing to ensure adequate contact
throughout the body of the water. While the mixing of the mercury precipitant
with the water stream may be accomplished by means such as, for example,
coagulant-type mix tanks, towers with contact trays, countercurrent contactors or
other devices intended to break up the added precipitant solution and distribute it
uniformly throughout the mercury-containing water stream, these will generally
not be recessary since the reaction between the precipitant and the dissolved
mercury .species takes place quickly. Normally, it suffices to add a solution of
the precipitant to the aqueous flow stream at normal flow rates, ensuring,
however, that good mixing is achieved in order to permit the reaction between
the precipitant and the dissolved ionic mercury to take place. This may be
achieved in an area of high turbulence, such as the suction side of a pump. If,
-however, a sump is present at the inlet of the flotation tank for mixing in
coagulants or floculents, this can conveniently be used as a location for injection
of the precipitant with good mixing assured prior to the flotation step. When
coagulants or flocculants are added in conjunction with a mercury precipitant
care must be taken to ensure compatibility. For example, if an anionic
precipitant and cationic coagulant are used in conjunction, at least 30 seconds of
mixing should be provided between injection points to avoid adverse interactions
between the products. The mercury precipitant is preferably used in the form of

a solution so as to permit easy and effective mixing with the aqueous stream.

[0018]  One class of mercury precipitating agents comprises sulfides which
react with the dissolved mercury ions to form insoluble mercury sulfide
precipitates. A preferred class of sulfide precipitants comprises the water-
soluble sulfides such as hydrogen sulfide, alkali metal sulfides such as sodium

sulfide and the alkali metal polysulfides, alkaline earth metal sulfides, alkaline
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earth metal polysulfides, which are both economic and commercially available.
Other materials which may be used to precipitate the mercury in sulfide form
include the thiazoles, alkali metal thiocarbamates, alkali metal dithiocarbamates,
" alkali metal xanthates and alkali metal trithiocarbonates such as sodium
trithiocarbonate (Na ,CS ;). The appropriate amount of the precipitant may be

empirically determined.

[0019] To satisfy the need for a metal scavenging agent that is less toxic and
also forms a large, fast settling floc, highly efficient metal chelating polymers
have become commercially available and these are useful as mercury
precipitants in the present process. Water soluble polymers of this type include
the polydithiocarbamates which may be used effectively in the present process
- with a reduced risk of discharge of either the mercury itself or of a toxic treating
agent. Polymers of this type are described, for example, in U.S. Patents Nos.
5,500,133; 5,523,002; 5,658,487; 5,164,095; and 5,510,040 and are currently
-marketed by Betz-Dearborn Inc. and Nalco Inc., under the respective trade
.names of METCLEAR™ 2405 and NALMET™, Precipitants of this type are
preferred for use in the present process in view of their ability to produce a
flocculent precipitate which can be readily separated in the subsequent gas
flotation step although, again, coagulants and floculents may be added. In
streams containing up to 60 ppb mercury, the use of the water-soluble polymeric
dithiocarbamates in amounts up to 30 ppm has been found adequate for
substantial mercury removal but in all cases, the necessary amount relative to the
level of ionic mercury contaminant should be determined empirically or by

reference to supplier directions.

[0020] The mercury precipitants are normally used at near-neutral or slightly
alkaline conditions, with values close to 8 being typical, although lower and
higher pH values can be tolerated. The molar amount of the selected precipitant

should at least equal the amount of mercury ions to be removed with a slight
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excess preferably being present. The use of large excesses of precipitants such as
sodium sulfide should, however, be avoided as they may lead to the formation of
water-soluble mercury sulfide complexes which inhibit removal of mercury by
the present process. Additionally, excessive amounts of sulfides and other
precipitants of this type could exceed the amounts permitted in water discharges
and since certain of these precipitants may be toxic in themselves, care must be
taken to ensure that they are not present in the discharged wastewater. Another
reason for not using excessive amounts of precipitant is that residual amounts
will tend to be adsorbed upon the carbon and will load up the carbon bed
prematurely. The optimal amount of precipitant should, for this reason, not
exceed the mercury content by more than one order of magnitude.
JTemperatures during the precipitation step can suitably range from 10°-40°C
-(about 50°-100°F) although temperatures outside this range are not to be
excluded. The average residence time in the precipitation step should be long
enough to enable the reaction to take place through the body of liquid and for the
precipitate to form fully. Normally from 10 to 20 minutes will be adequate and

sufficient.

[0021] The metal complex precipitates formed by reaction of the mercury
with precipitants such as the sulfides, polysulfides, mercaptans, thiocarbonates,
thiocarbamates and xanthates are usually in the form of fine solids which do not
settle or filter easily and for this reason, are susceptible to clogging and may
even pass through most filtration systems. Addition of a coagulant or
flocculating agent is normally preferable to achieve efficient removal of these
suspended solids in the subsequent gas flotation step, even when using the
preferred polymeric dithiocarbamate precipitants. Additionally, coagulant or
flocculating agents may be required in services with high levels of influent free
hydrocarbon and/or suspended solids to help remove these contaminants and
avoid adverse interactions with the mercury precipitant. Suitable coagulants and

flocculants are organic or inorganic, or a combination of the two, and may be
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polymeric, either anionic or cationic and usually can be categorized as
polyelectrolytes such as sodium aluminate, aluminum trihydrate, and ferric
chloride. Polymeric organic coagulants and flocculants include the
polyacrylamides, diallyldimethylammonium chloride (DADMAC) polymers,
DADMAC-polyacrylamides and epichlorohydrin dimethylamine (EPI-DMA)
polyamines. If used, these materials may be added in the conventional amounts.
These coagulants and flocculants are typically added to streams prior to
treatment by flotation; they may continue to be used in the present process to
promote separation of the precipitated mercury compounds. The amount of
coagulant or flocculant is generally in line with existing practices for removing
suspended solids since the amount of precipitated mercury compound is not
. great. Typically, up to about 50 ppm is used, depending on the nature of the
coagulant or flocculant and in most cases, less than 25 ppm will be sufficient,

e.g. 10 ppm.

- [0022] Following the addition of the precipitant and any coagulating or
flocculating agent, the aqueous stream and the precipitate of the insoluble
mercury compound are transmitted to the flotation tank 12 where the majority of
the precipitate is removed by flotation (which includes and normally, is,
dissolved air, induced air, or induced gas flotation). Flotation techniques and
equipment are well known. An example of a gas flotation unit similar to those
which may be used as a part of the present process is found in U.S. 6,635,182.
Using flotation, the precipitated mercury compounds are concentrated into a
sludge which can be removed from the water phase and sent for disposal
according to conventional solids treatment methods. The flotation step therefore
acts to concentrate the mercury content of the aqueous stream, along with other
metals removed in the precipitation/flotation, including lead, cadmium, nickel
and copper. The flotation step may also remove hydrocarbons which may be
present in the water; normally, hydrocarbons present will be carried off in the

float which is carried up to the surface of the water by the action of the as
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bubbles. If volatile hydrocarbons are likely to be present, a closed flotation tank
should be used.

[0023] Additional removal of particulate mercury, too small to be removed
by flotation, is then conducted by media filtration following the flotation. To
this end, the processed aqueous stream is removed from flotation tank 12 via line
13 to the filtration unit 14. The filtration process can be carried out using filters
appropriate to the volume of water passing through the unit and to the need to
remove very finely-divided particles of mercury from the water. Although the
use of mechanical filters and membrane microfilters may be contemplated,
media filters will normally be preferred. Media filtration is carried out using a
bed of finely-divided, inert solid such as sand or anthracite which retains
. particulate mercury and any residual precipitate not removed by flotation. The
- bed particle size should be chosen in accordance with the floc size achieved in
the precipitation/flotation step. Normally, the media filter will have the largest
-particle size medium on top of the bed with progressively decreasing particle
size down through the bed The downflow dual media filter is the preferred type
in view of its ability to process large quantities of water although other types of
filter may also be used. Backwash capabilities should preferably be
incorpdrated. A dual media filter with sand on bottom (particle size 0.4 - 0.6
mm) and anthracite on top (particle size 0.85 - 0.95 mm) is particularly preferred
although media particle sizes of this magnitude will be suitable with other media
filters. Flux rates of up to about 3 /m*min (about 9 gal/ftz/fnin) are suitable for
use in a dual media filter in the present process and similar rates would be

typical of other media.

[0024] The filtered aqueous stream is again filtered through a bed of
activated carbon to remove any residual dissolved ionic mercury species as well
as elemental and organic forms of mercury. Carbon has been found effective for

removing potential trace species (elemental as well as organic) as well as to act
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both above and below this range may be found suitable. A preferred type of

carbon is standard bituminous coal based activated carbon. Carbons of this kind
are widely available commercially from suppliers such as Calgon Carbon
Corporation, Pittsburgh PA, Fresh Water Systems, Greenville SC and Res-Kem
Corp Media, PA. Flow rates over the granular carbon beds using a downflow
regime can typically be 1 to 2 I/m*min (about 3-5 gal/ft/min). A minimum of
two activated carbon columns in series is preferred with operation in a lead /
polish conﬁguration. In this configuration, lead bed breakthrough can be
tolerated, allowing the lead bed to stay on-line longer and become more heavily
loaded. The polish bed removes any residual mercury allowing for mercury-free
effluent. After the lead bed is spent, it is replaced with fresh carbon and then
becomes the polish bed. The use of powder activated carbon (PAC) in a slurry
contact reactor with the PAC removed in a subsequent solids separation stage
would be less preferred both in terms of cost and the ability to remove
particulates without the additional solids separation stage. Another option would

be PAC addition to an existing activated sludge biological treatment unit.

[0026] Pilot tests were conducted to confirm the effectiveness of the mercury
precipitant and media filter on the removal of mercury on wastewater from a
petroleum refinery by spiking the effluent from the IAF (Induced Air Floatation)
unit with mercury to simulate the wastewater expected when running high

mercury crude. The test wastewater was spiked in the testing with 30 wppb
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ionic mercury (mercury chloride) and treated with various amounts of the
mercury precipitant, GE Betz MetClear (MR 2405), before being passed to a
settling tank to permit some removal of the precipitated solids. In some tests a
cationic coagulant, GE Betz Klaraid (CDP 1337), was added to minimize
interaction between free-hydrocarbon/suspended solids and MetClear as well as
improve settling of the pin floc produced. The effluent from the settling tank
was then filtered through a media filter comprising sand and anthracite.
Mercury levels were measured before the precipitant addition and before and
after the media filter. The six week test confirmed that at optimal chemical
dosing rates, 96% mercury removal could be achieved using the mercury
precipitant. With the addition of the media filter, over 99% removal of dissolved
ionic mercury was achieved with all levels in the treated wastewater being below
. the detection limit of 0.1 wppb. The addition of the air flotation step could be
-expected to improve filter operation (increase filter run length) by superior

removal of the precipitated solids prior to entry to the filter bed.

[0027] The results are shown in Table 1 below.
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Table 1
Removal of Ionic Mercury (30ppb) by Precipitation, Filtration

Removal:
MetClear | Flocculant [ Hg before Hg after Removal: Removal: MetClear
ppm ppm DMF, ppb | DMF, ppb | MetClear DMF + DMF
15 0 4 86.7%
15 0 0.4 0.1 98.7% 75.0% 99.7%
15 0 0.6 98.0%
1 0 0.6 0.2 98.0% 66.7% 99.3%
15 0 0.7 97.7%
15 0 1.1 96.3%
15 0 1.6 0.2 - 947% 87.5% 99.3%
15 0 0.4 98.7%
15 0 0.1 0.1 99.7% 0.0% 99.7%
15 0 0.1 0.1 99.7% 0.0% 99.7%
15 0 0.3 0.2 99.0% 33.3% 99.3%
15 0 0.6 0.9 98.0% 50.0% 97.0%
15 0 1.1 96.3%
15 0 0.2 0.1 99.3% 50.0% 99.7%
15 0 0.1 0.1 99.7% 0.0% 99.7%
15 0 0.4 0.1 98.7% 75.0% 99.7%
15 0 0.5 0.5 98.3% 0.0% 98.3%
25 0 0.2 0.1 99.3% 50.0% 99.7%
25 0 12.8 1.4 57.3% 89.1% 95.3%
25 0 23 92.3%
25 0 2.9 90.3%
25 0 3.2 24 89.3% 25.0% 92.0%
25 0 23 92.3%
25 0 26 - 91.3% '
25 0 2.6 3.0 91.3% 15.4% 90.0%
25 0 5.4 1.7 82.0% 68.5% 94.3%
30 0 6.2 3.6 79.3% 41.9% 88.0%
30 0 4.7 2.2 84.3% 53.2% 92.7%
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30 0 3.3 0.6 89.0% 81.8% 98.0%
30 0 1.6 0.2 94.7% 87.5% 99.3%
30 10 0.1 0.1 99.7% 0.0% 99.7%
30 10 0.3 0.1 99.0% 66.7% 99.7%
30 10 0.2 0.5 99.3% 150.0% 98.3%
30 10 0.1 0.2 99.7% 100.0% 99.3%
30 10 0.7 0.1 97.7% 85.7% 99.7%
30 10 0.5 0.1 98.3% 80.0% 99.7%
30 10 1.2 0.1 96.0% 91.7% 99.7%
30 10 0.4 0.1 98.7% 75.0% 99.7%
30 10 0.1 0.1 99.7% 0.0% 99.7%
15 10 1.6 0.1 94.7% 93.8% 99.7%
15 10 1.6 0.1 94.7% 93.8% 99.7%
15 10 0.5 0.1 98.3% 80.0% 99.7%
15 10 0.5 < 0.1 98.3% 80.0% 99.7%

[0028] The use of activated carbon is an effective guard for organic mercury
was also confirmed by pilot plant testing. In the tests, the IAF wastewater was
- spiked with organic mercury (as mercury alkyl dithiocarbamate) at 30 ppb and
60 ppb to simulate the expected aqueous stream composition associated with
high mercury content crude and gases. The spiked wastewater was processed
through a dual media filtration unit of sand and anthracite as above followed by
a single activated carbon column.. Mercury levels were measured before
passing through the media filter, before passing through the carbon column, and
after the carbon column. Additionally, chemical oxygen demand (COD) levels
were also measured to determine whether COD or mercury would be selectively
adsorbed. It was discovered that complete mercury removal was maintained
even after COD breakthrough (breakthrough of dissolved organic compounds).
In this seven week test, outlet mercury levels of less than 0.1 wppb (detection
limit) were consistently achieved and the carbon life was proven to be sufficient

for commercial operation.
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[0029] The results of testing using 30 ppb of added organic mercury are

given in Table 2 below.
Table 2
Organic Hg (30ppb) Removal over Dual Media Filter, Carbon

Run Hgbefore Hg after Hg after Removal: Removal: Total
No. DMF, ppb DMF, ppb Carbon, ppb DMF Carbon Removal

1 5.1 0.9 0.1 82.40%  88.90% 98.00%
2 1.2 0.09 0.1 92.50% -11.10% 91.70%
3 0.1 0.1 0.1 0.00% 0.00% 0.00%
4 0.4125 - 0.1 0.1 75.80% 0.00% 75.80%
5 0.1625 0.1 | 0.1 38.50% 0.00% 38.50%
6 0.3625 0.1 0.1 72.40% 0.00% 72.40%
7 1.35 0.1 0.1 92.60% 0.00% 92.60%
8 1.065 0.3625 0.1 66.00%  72.40% 90.60%
9 1 0.0875 0.1 91.30% -14.30% 90.00%
10 14 0.5 0.1 64.30%  80.00% 92.90%
11 1.5 0.4 0.1 73.30%  75.00% 93.30%
12 0.7 0.3 041 57.10% 66.70% 85.70%
13 0.1 0.1 0.1 0.00% 0.00% 0.00%
14 0.8 0.1 0.1 87.50% 0.00% 87.50%
15 0.2 0.1 0.1 50.00% 0.00% 50.00%
16 0.1 0.3 0.1 -200.00%  66.70% 0.00%

[0030] The results obtained with the addition of 60 ppb organic mercury are

shown in Table 3 below.
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Table 3
Organic Hg (60ppb) Removal over Dual Media Filter, Carbon

Run Hgbefore Hg after Hg after Removal: Removal: Total
No. DMF, ppb DMF, ppb Carbon, ppb DMF Carbon  Removal

17 0.5 0.4 0.1 20.00% 75.00% 80.00%
18 0.5 - 03 0.1 40.00% 66.70% 80.00%
19 1.3 0.1 0.1 92.30% 0.00% 92.30%
20 0.1 0.1 0.1 0.00% 0.00% 0.00%
21 1.2 0.1 0.1 91.70% 0.00% 91.70%
22 1 0.2 0.1 80.00% 50.00% 90.00%
23 0.7 0.6 03 14.30% 50.00% 57.10%
24 0.6 0.7 0.2 -16.70%  71.40% 66.70%
25 -

0.3 0.8 04 166.70%  50.00% -33.30%
26 03 0.4 0.3 -33.30%  25.00% 0.00%
27 0.2 02 - 0.00% 0.00%
28 0.4 0.2 50.00% 50.00%

[0031] The selectivity of the carbon for mercury removal in preference to the
removal of organics creating chemical oxygen demand (COD) is shown in Table
4 below, obtained in certain of the runs identified in Table 3 above. The results
show that COD is not reduced to the same extent as the organic mercury,

indicating that there is a selectivity for mercury removal.
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Table 4 COD

Run

No.

17
18
19
20
21
23
24
25

Effluent from Carbon Column

COD before
DMF, mg/]

387
346
267
351
174
275
214
276

COD after % COD
Carbon, mg/l Reduction

194
205
159
190
243
192
197
215

50%
41%
40%
46%
-40%
30%
8%
22%

[0032] Isotherm tests were conducted using dissolved ionic mercury

(mercury chloride), organic mercury (diethylmercury), and elemental mercury to

confirm the effectiveness on different forms of mercury. The tests confirmed

that carbon was shown to have the ability to remove each of the dissolved forms

of mercury, although the carbon capacities differ depending on the species.
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1. A method for removing mercury in ionic and non-ionic form from aqueous
streams, comprising:
(1) adding a mercury precipitant comprising a water-soluble polymeric
dithiocarbamate to the aqueous stream to react with dissolved ionic mercury
compounds present in the stream to form a water-insoluble precipitate of a mercury
compound,
(it) separating the precipitated mercury compounds from the water of the stream by
means of gas flotation,
(1i1) passing the water separated from the stream through a dual media filter to remove
particulate mercury and residual particulate material and so form a filtrate of water
with a reduced level of mercury,

(iv) passing the filtrate over activated carbon to remove residual mercury.

2. A method according to claim 1 in which the non-ionic forms of mercury

present in the aqueous stream comprise organic mercury compounds.

3. A method according to claim 1 in which the non-ionic forms of mercury

present in the aqueous stream comprise elemental mercury.

4. A method according to claim 1 in which the mercury precipitant comprises a
compound which reacts with the dissolved mercury compounds present in the stream to

form water-insoluble sulfides of mercury.

5. A method according to claim 4 in which the mercury precipitant comprises an
alkali metal sulfide, an alkali metal polysulfide, an alkaline earth metal sulfide, an

alkaline earth metal polysulfide.
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to the stream when the precipitate is formed.

10. A method according to claim 9 in which the amount of coagulant of floculant
1§ less than 25 ppm.
I1. A method according to claim 1 in which the aqueous stream comprises

mercury in an amount up to 60 ppbw and the amount of the added water-soluble

polymeric dithiocarbamate is up to 50 ppmw.

12. A method according to claim 11 in which the amount of the added water-

soluble polymeric dithiocarbamate is up to 30 ppmw.

13. A method according to claim 1 in which the media filter comprises a dual

media filter comprising a sand bed on an anthracite bed.



6. A nethod according to claim1l in which the mercury precipitant
‘conprises a thiazole, an alkali netal thiocarbamate, an al kali netal
.dithiocarbamate, an alkali netal xanthate or an al kali netal
“trithiocarbonate conmpound which reacts with the dissolved nercury
conpounds present in the streamto forma water-insoluble conpound of
nercury. 7. A method according to cl#&m1 in which the pHis

mai ntai ned in the range fromabout 6 to about 9 when the nercury
precipitant is added to the aqueous stream 8. A nethod according to
cl ai m 7 i H-whi chAtmethodagrerdingioeclaim Idein nehadhribel dial medin filtangemprisgasand
10-40 C. CLLY, LRLtant, 1s added.to.the,aqueouys .stream
5. A et ot kRl 40 P i Bk o B PR R ik S AR %2 £

f | ocul ant0.85-08dded ohaop bEthskardam when the precipitate is fornmed. 10.
A met hod according to claim9 in which the anmount of coagul ant of
floculant is less than 25 ppm 11. A nethod according to claim1l1 in
whi ch thejaqueouq HkthEARBRIRS 1oIBAmMEN iR Which tle A0x AIPER ugHRhd BB G |PbW
and the anmount of 1he added water-soluble polymeric dithiocarbanate
is up to ®EbpEAYmM/mN. A nethod according to claim1l in which the
anount of the added water- soluble polyneric dithiocarbamate is up to
30 ppmwv. 13. A nethod according to claim1 in which the nedia filter
conpri seslé dual Ameethad fdchtding waidgimi Isinrvghich thaadivaed carboaromptitesaci t e

bed. 21 14. A npethod according to claimi13 in ich the dual nedia
Pl ter oompluashBECap ey Al Bt ed i s oo §sod disand on
bottom and anthracite with a particle size of 0.85-0.95 mmon top of
the sand. 15. A nethod according to claim13 in which the flux rate
t hrough the filt &rmetgodipecolingignlaim 1f/inpyhighthe adiyated cabpheempidsesr di ng
to claimy. i i 1 ] arbon conprises granul ar activated
car bon mﬂ%ﬁhgﬁﬁgfga&%ggbgﬁ%?%ﬁgﬁg?ge from0.8 to 1.0 mm 17. A

met hod according to claim 16 in which the activated carbon conprises
bi t um nous, coal aseg $cti¥$ted ¢ar bon. 18. A net hod aCﬁPrding to
claim 16 1 whi cft THET AGHFPuE CLTER!S 1P R hn (P Y ratese s M &anpilarg

21/ 2/ m rearbon is 1 to 2 V/m*/min.





