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1 FUNCTI ONAL FLU D AND A PROCESS FOR THE PREPARATI ON
OF THE FUNCTI ONAL FLUI D The present invention rel ates
to a functional fluid and particularly to a
functional fluid 5 for use in, for exanple, the

worems®st and renoval of acids, sour conponkGTE/GBIen/(§4164

H2S), and CO2, CO, NO and SO gases fromfluid
streans (e.g. a hydrocarbbn based fluid stream or
post conbusted fuels or gases. The invention also
relates to a s for the pre at i of th

‘ DNA A : S8R PARATIONENTTHE, | n
FUNGHONALFIUID 5y processing and refining, storage and

conbusti on. of hydrocar bon d, car bo sed , .
THeCRTRIL VS iRy © & FOGTS] T Sy peRiuloEy & f fingtonal fud
for osd inr for egaraple Cthaltreatreént ahck jersivalnf facitie,nsouq sampartentss(e gf

0X| ubstapees, -ar &€~e I
oS} A oB P ENEE el Sof fati @ﬁ*g%gféfﬂé {5 B e on
based lyd stieary)-ns poshepmipstechfiiels QUussega dbe inyentign slsp rejalgs to a
proc¥ss for AbrBfaralbisd? thelBndiohPauidiC2 and N20) . Hydrogen
sul phide and nmercaptans are often extracted with
crude oil. Carbon di oxide, carbon nonoxi de and SOx
BACKGROUBNBIOBEHENINAEEONIUr i ng crude oil processing and
refining. NOx gases can be produced upon conbustion
of 20 hydrocarbon based fuels. Furthernore, post
In the pivigartion roreesseing fand meftningl storage dind awebusiioat ¢f diygrocarbon
andc&uﬂ)d?\gbz@e@%ﬁ'cpaﬁﬁbr%t(g%l RGO S Cyn@RiP bRIBES rARAI G| Yoal

contaln one or nore t hese gases. There is
and; gkt sleainigant uentiipengl ey SUBstoRges @y SNeRYRisRS Gnd/or
pro@uBRP.0S I Thesd SsubBENGISO rEhBies forvhexdmmer Aydrogdme suiphide agas,

me B e SO SR ey S S i WS (S NS B anae)
Hydrggsincsulphjdec angh mareapianisnare aeften cexdracted withecrpde 9ér aCarbgn
dio&S, NQfont hoh&@de ;ag& %ol Qabs’ ecdri'Be Lk|§r|8dlﬂ'.fed CRIRb SFude o

reaction protoco envi r gnnent ae%’xsl toxic Teaction
progagsiag and; . refining. e N@wpoases ceam Ago 8mgiuersk UPPR ecomfystion  of
hyd@dchrb2A |b_bl§?éo€f|u§§.|h memgﬁésemg Eorhmﬁ%rghﬁﬁs &b\’ﬁﬁbﬂlﬁi’é@d\l\wr

mononeri ¢, al dehyde- ami ne,.adduct s rom.the reactio
staffe o At S HTRALEIG B Bprgel e g & Hhdre &8
thesse gasekar yTeme rie therdfase na | cantinwinge seedofforathe| datioppest of

0 i : Nk ARRL T &abE Ofb

«® o.gﬁ%sggfl 82&?%%%2@%&%@ g T%J?S@ag*ﬁr face ar%g' B
hydragaden baeedsstieges cAVRRYE @ 98BS r enpvi ng pol | utants

such as NO SOX, and CO by 35 adsorption and

M STl Gpmebunds B GG G GRS (¥ rpRtmigr
methedsal thereoimafigansgairanitie hyst cofi demmlet ubadios protdcals and
onOAFHAR Bl RN HRAE Bl a8 s ono
solytigyeiue scaxnpRger incldingt substantially aenerserisaidrhydgaming adducts

frorh Y Raktion df E?I@Qstfdﬁ_é sfé#i&élf?%nd@ﬁé@ﬁﬁﬁiaw &rb%c&ﬂfary@ﬁiné Bnd
he renoval _of tomg%ﬁgbsta ces.. There is also a need

a”\t"a’eﬁc@ﬁftﬁ@tﬂ%ﬁ%"% eRhAgAE M ed via rel atively

straight forward and econom cal reaction protocols.

e e (i
us PREEAbRICAIH NG, 20696214300 MR P BIA'S AR il mengenee
oxides gompoundnesegefor gmayipd ipolutands sucts ashN@s $Rgsend CO by
adsBR%6h iaRE GxRBMAE - THO manganese oxide is prepared by the reaction of a

L1a1tih mTEpa T




10

15

20

25

30

35

SUMMARY According to a first aspect of the present
di scl osure there is provided a process for the
preparation of a functional fluid conprising reacting
silicon, alkali metal hydroxide and a 15sol ution
conprising water and chi%rine.in a reaction vessel at
a tenperature no greater than 200F (93C), _g:erle{n the,Ehe
bivalent mehyespesaitoitic @l rofabppieangasate rand; BHrI¢h FEFHIE. 1
tional features of { lebstondehesbnof RéM6val rates of up to
presence il%%ga?%edg‘?@efH‘é&éSEF@fé; of 1 he dependent cl ai ns. -
35% are rep@tBWIRith Fdpepriocagenpnawixdes for the preparation and
i solation of a new functional fluid via an econoni cal
and relatively straightforward process. The
Thus, therb WG tie@Babr furtibed chrasodiiems foousriin e Hemevaldl tpgq sihiapces.
__nunber of applications.a t400h FRRREl JHRfME idhgard
There is a'ﬁ@é‘rf’teeé‘rfo%t?é)’ﬁﬁ%nﬂfé'ﬁtwmE%d‘?/aarﬁ agteg%sl y.o the ry ocegg,lsh _
and econof?ﬁc%\é fé%%ﬁorﬁpr?@cﬁ:\b@ﬁ gitrege fouaiet & oned fof Ithﬁﬁ Qf_eﬂﬂ"f‘ gr.]c;E%Iatlon of
. ~need to inclu expensi ve. o S icalishsMBLEY a§ ARose
compositiopg dhigh havG ﬂ?éﬁtf%ﬁrl‘%ﬁ?%]o ool %g]g@tbig%n Ee‘b 25|pr oduct s.
described _by-products can be difficult and expensive to
I spose of, .due to environnental concerns. A further
~advantage is that the functional fluid can be
SUMMAR\arepared under atnospheric or pressured conditions.
= According to a second aspect of the disclosure there
is provided.a funct] Lk (D3R @ OSRE G e
According ig {Fftt‘?l’%?% oft 5’@%”%?'&%5&}%*%% '%? from9 to 13,
preparatiorg :%g%]' ARG P YiuldhGorPrRers Reanfing biicdn, raialiametet hydsexidhand a

- osure. Anot her advantage of .t ' L
solution comprising vatepirchehleiNeIA ¢ rieggtfoglt\{egﬁel 5?8 é%é%@ﬁ?‘% ﬁg FaBS than

or ookl WithraiWih & Brib@se $Biléd kunpiihegas oulipid dhigrinexanpl e, in
200°F (93 P:)]’Lem%lr?' and gas production 3 industry the functional
fluid can be used as an H2S scavenger in crude oil

Optional e RHIRI P theRir-RSSpai df ME dRcloalire@sé M subjptaif ther dependent claims.
prpes. The fluid can further be used in the treatnent
~of CO2 and NO2 which is produced during refining of

- ' el B AR arcossalkin ofa oéw funstienalifiéd via an
thus, the éﬂ@gﬁéﬁ%@;_?ﬁgf?rutﬁc?f ef)pjr"?z:ll fl ui dTgf thct,(e @%@W}ﬂ%sgg&t foBkd to
economical laed delatively giraiohigeE RLSESSs 8&5,‘ : r S ipsidant
e utiitSii A iEARRE 28nal elédtitinctomay, rédudirpealeat onantpgdant.
have utmty:@g\av@}r}ggér ?f-r?b\m{;éioi I aand egas ) I+or Pdu tifgl Vs h‘{&%ed fo
Advantagebusigt thenRioce$siiPEMASF B AT "WHEPr S EN gft ]
- : QhRA chE rgsuliSRirentbrnaaBn ghsesstion by-
include e#ﬁg&y%ﬁ%:?@ﬁa% glclﬁﬁ]d e, be u%ﬁd in SOUL gas . ot gue to
products. t rehnbpprespsterpgn phediigHE t 2R5h HPFINC Py D" used

i a SipOR riHBP LR ArR4ge EBaf thecfuhaioakl fididicdn wayprbpared
e”‘”mnmeﬂiaégo'g(gerrégpg‘cw er “of carbon steel in order to reduce

under atmeospheds bopressigted casdiieisat ed with acid gases. The
functional fluid nay be used as an antifoam ng agent.
The functional fl \Lﬁi may., be .used. i : Viaha@Qh

According te @rseafidrEpest W‘%ﬁ‘n‘ﬁ %St“éé/ RERdF PSY 'dgg F"lltf@r%t"? Sed waters

specific gravity of 1.25 to 5, and a pH of from 9 to 13, pbtainabie by the process of the ﬁr‘st

aspect of the disclosure.

Another advantage of the disclosure lies in the preparation and isolation of a functional fluid,

which has multifunctional use. For exampie; in the oil and gas production



The functional fluid may be used as a store for

hydr ogen gas. The functional fluid may be used as a

nmedi canment. The functional fluid nay be used as a

bi ocide or in the manufacture of a biocide. According

to a third aspect, there is provided the use of the

functional fluid as di QhoNgeras qud@oil hRpg pipes
industry thefipctie) dHgern b%Hs%g@%%hﬁ%égd%o a fourth aspect, ...
and as a og.!?&‘éi i ibR6OVI tHE Bigdse Treeflud ceméurhen & ieal Nfhe, MGy
[

scl osed above as an_|-12s.Sc I ghdYorBborPtdmisuition of
CO, and Ngawhishdel Readi 6 9%’?%@?‘” c°§ gfed?%gé]% g’ %hf Pt [Ir)]O aspect,

- ; is provided the use of the functional fluid as
the crude pﬁ&lghg(::ﬁosed above in the treatnent of NOx and SOx
gases. According to a sixth aspect, there iéop{;g)vi rdﬁds
" The functiohd! fuil $Ethelsetdidl dspbertof freatiscidsuiemasbalised st alios &' I'h
sour gas treatnent systens. |In accordance with a
scavengersevent h aspect of the disclosure, there is provided a
process for the desul furisation of a gaseous

o hydr ocar bon feedstock conprising.. (i béhGich Bgstems.
' The functicpaesdimiaiye UbeaPBa Aseater Mo sblioh 3gste
as specified in the first and second enbodi nents

under conditions suitable to a fU-N@© Al eg.
The functidriahfititl omel bef Usgddin taﬁareatm%froéi\@%e"ﬂei%é*% HENFP RSy o9
seous hydrocarbon feedstock fromthe sul fur-
. 80zand Sg%rga@ﬁ%d functional fluid. The process of the seventh
aspect of the disclosure may optionally further
. _conpr.ise, the st S tRafmérit systemsact i ng t he
The funch G a0 M el 1 Bourtas tealhert By L N e at i ng
agent under conditions sufficient to allow '
preci.pitatio f o tdre sul fur-enriched
The f‘-‘““‘?’lﬂiﬁ‘l"ﬁ%lbef%ﬁ?dasséégwsil%‘)@ggar ating the precipitated
' sul fur fromthe fluid to recover a functional efdl'uid .
as specified ingthe i aspest stebl inherddi sciedstg orrosion
The f‘-‘”d‘%a‘lfﬁ“da'@@%?’gaur?%g %?ﬁgglﬁgdgnbodi nment of the
rates assodiasa] wigadd gédesc e is provided a process for the
renoval of CO2 from a gaseous hydrocarbon feedstock,
having a CO2 conponent, conprising the steps of:
The functisRAFiatrhaghd heedyas @ astifpgaine e4Flon feedstock with the
~functional fluid of the 15second aspect under

conditions of elevated pressure to dissolve boil
The functiohaltfil fanoeiusedlin theuremovel @f)@@bagwafuptﬁgr% gaé%ég%%or oiler

hydr ocarbon feedstock fromthe functional fluid; and
feed water.

The functional fluid may be used as a store for hydrogen gas.

The functional fiuid may be used as a medicament.
The functional fluid may be used as a biocide or in the manufadurg of a biocide.

According to a third aspect, there is provided the use of the functional fluid as disclosed

above as a CO, CO, or HpS scavenger.



(H )depressurising the functional fluid to cause the
evolution of CO2 gas fromthe functional fluid. 20In
accordance wi th an enbodi nent of the disclosure,
there is provided a pharnmaceutical conposition
conprising the functional Bhuid of the second aspect.
BRI EF DESCRI PTI ON OF THE DRAWNGS 25 For a better
under st andi ng of the present invention, and to show
nore clearly howit may be carried into effect,
Lef.eren GRS sé‘@f’tHéﬂuﬁéﬁ@ﬁﬂf@d dsodisdiesed

Accordingtp 8%)&% %glpg\[?\% ﬁ{g%\é% Eepr whi ctﬂQXISOFl gure 1 is a

above SCieHRS saavengss &fs\@ttodtaﬂé gapprogyction rﬁﬂ%tﬁ'ﬁ%r i c process
for the manufacture of the functional fluid of the

invention; Figure 2 is a schemati presentation
Accordimg talofifth aspepie tsie it PROYERR fcUss ok i %é‘&'“s"i?s?‘gc“’se‘i

dsegictional fluid of t he
above [Lgﬁlee% R@%%ESS%Q is a schematic representation
of a process for the renmoval of H2S from a net hane
Acco'rdg'gstofaeﬁﬂh as?ec!f | {BbfeSis préveded tBE Deerat the furepiopaldlutdads dinclosed
an exanpl e of a desul furisation process applied to
above l@rﬁoéR@@ttTQ@éjﬂ%{’é§M$t?WP1 sation process as a retrofit;
and 5Figure 5 is a schematic representation. of a - -
roce cldstR, frefins proviicdaneogss for the
in accoipliee '%E’Ir% %@Y@%%ﬂ OF THE IN@ENTI ON 10The
desblfuﬁ@é’t%ldﬁ@@asééuﬂ lycrecafroemieddsigck (RPN i on of an :
. alkali UnicGenal fidibes specified
(i rea%otngfﬁt'g %S%Hg re%@?ﬁg%%ﬁ%éﬁﬁl first_be P ;
desirth® @bt anlslecomrd eFSiodinsnts Usesl Ganditines ﬁHt’S‘i‘%%éO frm a suliur-
t he |nven enmental silicon, or silicon-
m=.~t":";{T”'Ch%‘?j %“8 aﬁﬂ?gl a@é(l sts in a number of purity
grades. Exanples of silicon netal which can be used
in the process are silicon netal grade 551 (98.5% Si ,
0. 5% Fe maxi mum content, 0.10 % Ca nmaxi num content),
silicon netal grade 553 (98.5% Si, 0.5% Fe nmaxi mum
content, 0.30 % Ca nmaxi mum content), silicon netal
grade 441 (99% Si, 0.5% Fe naxi num content, 0.10 % 20
Ca maxi mum content), silicon netal grade 442 (99% Si,
0. 4% Fe maxi mum content, 0.20 % Ca maxi num content),
silicon netal grade 4406 (99.3% Si, 0.4% Fe nmaxi num
content, 0.06 % Ca maxi num content), silicon netal
grade 4403 (98.5% Si, 0.4% Fe maxi num content, 0.03 %
Ca maxi mum content), silicon netal grade 331 (99.3%
Si, 0.3%Fe maxi num content, 0.10 % Ca maxi nmum
content), silicon netal grade 3305 (99.4% Si, 0.3% Fe
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The process§

25 maxi num-content, 0.05 % Ca maxi num content),
silicon netal grade 3303 (99.4% Si, 0.3% Fe nmaxi mum
content, 0.03 % Ca maxi mum content), silicon mnetal
grade 2204 (99.5% Si, 0.2% Fe maxi num content, 0.04 %

Ca maxi mum content), si 14 con net al grade 2202 (99.5%
Si, 0.2% Fe maxi num content, 0.02 % maxi fur-
i) GOmheRt Mrdesulirsed gaseaws AR, 61‘%?965’[.")8(’5/0@”,’ %58
Fe maxi hum co ecgt, 0.01 % Ca maxi mum content). 30
sinrighasHURGICHR B’l’ de 441 is the preferred grade of
silicon nmetal used in the process for preparing ttr?etepsof'
function L@l dib@odury@ay bationallyigther comprise, the steps of
g‘gié%‘f%g‘g%é# tgoszooes/ 004164 6 The silicon or siliGQfder
iy ot Ind QURirerneiched AngHont 6;‘?51 wite 1% gP%m gTﬁ%se o
particles can i e SOk aj g6 Glabnkise aulfur-enrichs
i qegeitiang éuﬁic‘eﬁb\ej?n oy RES Itg}lamg-ter up to about 150
”ﬁ]}cﬁo%lﬂdm'@ﬁﬁder form In one enbodiment, the
silicon or 'silico t C QP &5 reR@Uéi & Fesctivhalhluad as
(iv) nmnfqilﬁﬂtth%IPéeCéﬁ‘*é‘F?é{rng%k)iﬁggetvveer’1 about 1 nm and
Wicd 2PthERbcdrd sapedthetheaiinsogiigent , the silicon or
si'l'icon netal conprises particles with a nean
particle dianmeter of between about 24 nm and 1%8 S
In accordahd Ritd Sid EfbodRiRQF Merisclashre, theeen's PEvdeE AP AT &
'S

greater than about 10 % en tlmncomponent,
removal &0@Ma. flooT 2ePaRAYE SV‘QQ?%E}’? ﬁggé%%%bm The mean
comprising_%%ff%égpgl aneter may also 10 be less than 1 Om for

O romaus Dy okaRos Tk ' BRI of the
() | esstatiingnthe gﬂﬁﬁow]@y@rogﬂgogg??c}%ﬁcgéﬁfﬁ g@fu%cr uid ©

: o B i ‘ in the
non- spher i cal - ek REndifdia of dileuatedepressust &0 gispelve fie CO2In
| 87 taséllegr@ﬁnsdleon of the particle. Some individual
pauricticha $luiday have. a di ameter outsi de the specified

o values. 18 Howeyerhydeicaftendbbdstak flosabe fewsional dhid and
(ii) eiﬁ?ﬁfﬁ%ﬂgj’el 3ot 95%  such as. 99%0 P& &S |@s from th
(i) hawpreasdtisinether fuﬂf?ﬁ%‘%hﬁ‘f'a 20 s #(I} ee%w?/@[ﬁj& egr (EIO% ggﬁ om e

enbodi .« Substantially all of the particles have a
P T

Wthin the specified range. Al kali netal.
- hydroxide The al kali netal hydroxide ‘gissgd{y'n[q;}ﬁhc%uﬂcal
_.pr CaRLdeitREt oS Bieldisclvsune thetkris picyge 2
In accord V%S@%?age% pot ats_si um hydr oxi de. _ln one embodi ment
compositigionprisirgrioxfutetionsl ied 4! ta@cﬁ?ﬁ PHERSFERS of 1 thium
hydr oxi de, sodi um hydr oxi de and potassi um hydr oxi de
can al so be used in the process. The al kali netal
BRIEF DESORIRTION 08 THE BERMWINGR dr oxi de) can be used in
solid formor in the formof a prepared aquc?ﬁ%uls@op\ﬁl‘:waybe
sol utj on_of Ik alaby B4 Rion harlr toxshde. mone cirsirly
For a bejigf eﬁgﬂ‘&%{;@@ﬁ%ﬁ 3’;‘% can bc? i”'{,@etoftﬁé FBHﬁ\fviﬂg drawings,
carried ifth 2kea, rapebhet willoowwimade. YOV ¢ EFABY Pvel'y, Tt he -
~alkali metal hydroxide can be replaced by other
inwhicha| kal i and al kaline earth nmetal hydroxide such as
rubi di um hydr oxi de, beryllium hydroxi de, magnesi um

] hydr oxi de,. cal ci - bfiSosphbiopbtass foyiie oxaryEacgire of the
Figure 133 RiSGRYRIER ERI% eeHﬁ’gN\%\%r and chiorine sol ution '

functiondiMRid/GH RS inkexticoh| or i ne sol ution used in the process
conprises water, preferably distilled water, and a
source of chlorine. The chlorine: E{’jur Ce

' losed
Figure LRl PetmengrTeptasehtatien oham abays £HPYRY A" NOWA e@?DFTSSUfe close

n a
referred empodi g ShOmnvaioapurce is |iquid

system %ﬁl”@r’i“ﬁ@‘f agtf"?o{%g{r;:%%ngls sodi um hypochl orite (NaOCl).

10The water (preferably distilled) and |iquid thane

chlorine are conbi.ned i Jeald Rr ofe feaioweles HpBdtam a meinan
Figure 31@:313‘%@”3?6‘86?‘3@5?#%% a\)/fr(}? grms (wat er:1iquid chlorine),
ga.sfeeg{.or exanpl e between about 15:1 and about 25:1. In one

- enbodi nent, the ratio of water to chlorine is about
20: 1.
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The water and liquid chlorine can be conbined prior
to addition to the reaction vessel 15conprising the
'silicon and al kali netal hydroxide, or the water and
chlorine can be added sepgrately, in situ. The
process and resultant funational fluid 20As di scussed
bel ow, the duration of the process of the first
aspect of the invention wll depend on factors su
Figure 44sa seharpatisrepeapeipierupiarpxamiie ot aﬁﬁstﬂfé\lﬂﬁ@t&@r@?% aDP"ed to

an exmtn‘g?H&n.ﬁfﬂnéeﬁge? Jed a§’fa Qﬁéﬂt'éﬂde size on the surface

area consi ations duration of the reaction
will be shorter when snaller particles are used and

Figure 5'i%%§ﬁemreb?e{$gﬁfat18ﬁﬁf b s§"'ff5‘r tHe ?éil'noJa'f' of'@8Y, from a methane
enbo e reactio ratlon w || be I onger

gas feedt han about an hour, for exanple Ionger 25 than about
3 hours such as Ionger t han about 6 hours. The
reaction duration may al so be | ess than about 3 days

DETAILER DESGRIBTEON OFSTHRIMVENBIGN 2 days such as | ess than
about 1 day or less than about 12 hours. Since the

reaction is exothermc, control of the reactant
The fungiignali flie iss fareeg ryviheersagtioneaihan efkal sartaber deryative dinreof and
silicon. P %%Etah{%%s%aqr?th%freéﬁ%ﬂ éiré’cféséﬁhﬂl fSNSLddRAbSETr €€ 10

whi ch "t'he reaction vess requi res cooling during the
process of the first aspect. 30 The reaction vesse
is maintained at a tenperature bel ow or no greater
than 93C. Subject to this constraint, in sone
enbodi nents, the reaction tenperature may be
Silicon uP@d mttﬂé ?F&e@é ?ﬂhe\fme?n{?&? {:1 géﬁlgﬁ a@@lﬁ&gﬁbpgﬂ&ﬁﬁné’cai Silicon

ure o reater than-a C, for exanple

metal e@atemt ernum’mah otabmw graies. Enaranleemﬁéwc%metalwﬁ@h can be used in
the procé%,agrte' %I 85%9[@&#% &sh S(9 bNERIHA F%tméx%ﬁ}nugorﬁént 0 10 % Ca

oW ng ISCUSSI onislimted
maximurproostest), sibieqsy instah gradel $&o(98hA% A, @p%dlke mmwaﬁantent 0.30 %

Ca max.l@%ﬂ{ &Sﬂt@{g ﬁ@égﬁ’ ﬁ}eté?ﬁeél%’#ﬂf RYAEP b%% B@fﬁéﬁﬂﬁrﬁ%&m%nt 0.10 %

s are al so included
Ca maxigwigi santent), sshieon metal oradedd4# (95 8he- 4|8/P EQé%@ﬂfﬁﬂthQ@tenf 0.20 %
e r t
Ca max.h’&}ﬁ %Hriéé’rﬂ) sHQéﬁ‘FM% fal gtﬁ%@e@? %26?3# b'lﬂé FB Q%a\\;nﬂﬂﬁ’m dofitent, 0.06
% Ca mdiigeins smrdﬂnt\)vl SIIICODEEHQt?b@r@dB 4487 (88-A¥mbleP. 4(% Fe maxumum content,
0.03 % %at ﬁ{agl%dﬁ{eco?%ﬂt g’ﬁlcgi ﬁl@é? #&%9@%@3%1& Ty BécC ?lel Maximum
I con neta hydr oxi d
content, . €0 c%n@a neaklmnmacmtaeh) oslllm sEtal FagerB0P OAR %ln 0.3% Fe
maxmurﬁunC (?§(c1 ﬁhx?ﬁtﬂﬁec%ﬁtefn  sifiddn rﬁ@i‘%%r%@lé w83 @do. 14%9& 0.3%

e | nvention. pen reactor
Fe maxipwat emraemty Orean%f @@mmuumrmeﬂt)ausmp@weé@@ade 2404 ( 99 5% Si,
0.2% Fe! rﬁéﬂﬁgm"‘%&\'{% u,'t¢ 0% 9 g%%éh o) %@t)ognué&@néﬁ)gra%eoizoé (99.5%
Si, 0.2%neamakiraunstaententHi02 (% iCeomazimumn ceraaely of siligom eeitgrade 1501
o7 QOMI t fof @Cl ncl udi ng
(09.5% S ¥R ek BurP i fent 081 08 S e PR o
hydrOX|de 3 (in flake form) is added to the silicon 2
e (0] e
siicon el GRERCsT 10 1 Brehel ofRRY B HIRCIMSIT I ARG diropss fo
preparingd\ﬂaﬂunoﬁor@bﬂuldgf ihe Im\hﬁ@ilﬁ@act or is substantially
unchanged. This is achieved by 20 thoroughly m xi ng
the silicon 2 and the sodi um hydroxi de 3. The anpunt
of silicon to sodium hydroxide is typically about 1:1
by volune. It will be clear to the skilled person
that the size of the silicon particles used w |
affect the rate of reaction (i.e. upon addition of
. the water-chlorine solution) depending on the surface
area of the silicon particles. 25 Distilled water 4
is dosed with liquid chlorine 5, for exanple in a
ratio of water to liquid chlorine of about 20:1 by
vol une, prior to introducing the sane into reactor 1,
and the reaction between the conponents begins. The

Silicon
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5 preferably maintai ned bel ow about 175F (80C). The
tenperature of the reaction is nmaintai ned using an
external heating/cooling neans 10, for exanple, by
the use of a heating/cooling jacket. Additional water
weondi7es20émt er - chl orine solution i s added as RCEGB2006/004164
reaction proceeds to naintain the |evel of the
sol uti on above the silicoh/sodi umhydroxide (i.e. to
match the | osses attributable to the hydrogen gas and
st eam 10l osses). Under the conditions described
above, the reaction typically takes up to six hours,
Theadillcen onksilicdn hbtal ceOcmried aghigRs MfERERRCSzdE! al"l'fe§e be‘t[CleS

B i b Bl 5 o b o S
1’50f m"tk at iiro Rovweeli ©rm.15int ener embedimanty thenwiliennedr silicon metal
nP;ﬁEéd &Huﬂ’ésewnw\él hriebn PBYcIE Bt of Bé’cwé out 1 Eﬁn and about

hed chemcal is then stored In sea e
S0 @Hyyn anaiheg ﬁmng'H\eP'the sticef presilisor Mgl comprisgs, ﬁ?fﬂ@e%\ﬂ"tfa
a nudansEticl dRNERSUGH saﬂe@yabam 20 it &bl S150WHnE Nin Qaalmrther

oI e, Abar Bt e Hlmefer RSP R o 1B UL aipter
thary m@gurrt, |f@§xampb@eﬂterttmh 5QﬂunFTge Ineao fpadiclei dtaometé Imasynalso
be ﬁ?éjt#ﬁmﬂﬁm W & 3%% lefOthaft 5%?{19 @m??‘gé: 2sS! Ui 2. Hﬂ%"@r" s

been practice th

than frafne Myhegs, the pastidesare gﬁ@xﬁﬂhqrﬁalpﬂg term sdrametewﬁ refersato the
largestrihsteonldf thegymticleer particle size distribution as

| ow as 1mm can be used, thus enabling the surface

area of silicon available for contact to be increased
Somgy lrdividual alatticles Thiay , have gz tdiametai tontsidee theb spdcifigd t valli2s,

I h

HovABH, [liorblly RTIGRPUNR, 1 (elilob R 6R8 884, Do 668 e

cont e reac

paricigshews f éameéﬁﬁdwth*eﬁ@esneeﬁ%e%uq%@ an epebadisernt. isubstantielly
all of BRGattieRs Ghvd 4 Giafietdr GMin tHe PEEF@N§dIE equi red
chemcal. The silicon 21 and the sodi um hydroxi de 20,
are fed fromthe hopper 33, controlled by a valve
Alkalineetal hg&oxidet o t he reacti on pressure vessel 27. The
val ve neans 28 then closes, and a punp 24 starts,
which is 30 fed by a water 23 and chlorine 22
Thengligliymetal hygrexige sised & theppriopessvean oemmrisenlithiyr tygroxidea
sodM@f Hyaibxﬁi@ e (pdtaSiurd hydidkibie! airﬁ%éf\éﬁﬁ&f}nérﬂ %o&ﬁrﬁstﬁ%? de is

used 2 SOmPRPUEr P  HBGR0 REIAE. | ST oo snd Hoisssum

hydoaidé can also B useddn &k pagss.i qui d 22 and 23 by the
centrifugal forces within the vortex. 10 The

@ﬁqaro gen gas and steam generated by this reaction are
The aiiali metab Hydrexidente.qs ppdium Pudroxide) can bp uessiniselidfess et in i,

fornP&tth ;brla 24 @ﬁé’é&u@ sbR#dris tﬁé‘Sle[ ﬁﬁé”ﬁfdr%&%z 8h s6ife fohri the

ed to he requi set oln pressure
alkaf{ g ?6 %ﬁ‘ﬁ?émtreéP hs?fwnaofﬁl@&% RRIStSCRRROVEPT. val vo 0.

The gases renmoved fromthe pressure vessel 27 can be

arrest
el GRS uie s nns el Tah 26 ey Sher S ane aifaine
earthy metal dydgride sheh ar/mbidiyemhysiaeiide, heryllitindhyproside,umagnesium
hydrbﬁéétdéfc:u%?hs)ﬂrc;%%tr&nﬁﬁn %wasag@s%n \pour caused
by the reaction. Thus thée hydrogen ca %E reabsor bed
to further enrich the chemcal, or if not required
can be stored or, led to a disposal flare. It is a
further requirenent of the process, that the liquid
l evel in the pressure reactor 27 10 stays within
required level Iimts. Therefore the I evel indicator
26 has the ability to run the punp 24 and to actuate
val ve nmeans 25 to add makeup water as required. \Wen
punp 24 is not in operation and it is required to
mai ntain the vortex within pressure reactor 27, then
a punp 40 starts and re-circul ates the cheni ca
product through the vortex generator 31 as required
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transparent, viscous liquid having a specific gravity
of about 1.25 to 5, for exanple about 5, and a pHin
the range of from about 9 to about 13, for exanple
fromabout 9 11 to about;12. The functional fluid,
however, can sonetinmes appear translucent. The

Waterarfd%gﬁiing%'ut'&li uid may be used as prepared, or can be
' uted form for exanple, the functional
fluid may be diluted to a specific gravity of about

The wat%]’unC Bhible %@Hflt%? g?éﬂ%"?{h@cﬁrgﬁés%a&;n%ﬂis% Wdlér, preferably distilled

onal e I nvention e preclse o
water, ambapEesidei onchigrinet off he ehlotine spuisetmanae ahiaiing gas wiyeh is then
diSSOIVGCIIIHL\I!Ié%ferl.'mder stood, but it is believed that silicon and

alT "metal ions forma water sol uble nononeric
i norgani ¢ conpl ex upon reaction with the water
rj t - Ch ' e (st i
in a profetef chftboifiott. \f¥grbind Softe IGHAE chlor 3 aR bi%se sodium
hypochloritee(Nad§¥)gani ¢ conpl ex. The resulting functional fluid
conprising the silicon-alkali netal conplex is found
to be electron rich (possibly conprising free
The water| (preferably Jjstilert) anddidiuldychiarine are cambingddn g atig)ehbetvgen about
: : - als r .
10:1 to 5B BTIVNRRE (PRPIRTIRRLRASE ) SAnkte pEARKR BB 15:1 and
about 25dll. dmené anbodinpendsthis ratismf waterip chloring srabogtidd: il on
bet ween the functional fluid and H2S, el enent al
sul fur can be 15forned. Thus, the functional fluid of
The watéhengrigsidnthlorimecpan dr ¢traabinérk pabl (o @gdition de|tbe trpgatiop vessel
o ve:tar ! J
comprisip R SHico R SaERATYERKRR, of B Bfer S RRrEIaH be addeo
separatetyh@ gifvesent i nvention The functional fluid of the
invention has utility in a nunber of applications,
for exanple: as a CO2Scavenger as a H2S Scavenger
The procgss and fesuliard dinedional #fidNOx (e. g. NO and NO2) & SO x
(e.g. SO2 and SOS) gases as a Corrosion inhibitor
in the enhancenent of existing sour gas treatnent _
As discusyat baipws din dasatiani ofethp | pratess30fi thetfiret aspast &f thsr invention will
~ 0 e I . e
copend GRS AR (ol Rnlerdlu, orkl BabiofPpAiRE sp (IR, IS efect
of particier giznioo tGe rudfand sar¢a/Co)sidarations).nJhe Taraticarof thgrgaction will be
t he . j § . f
shorter vied il EirlY are Bged e 1otpet AReflarbBiBarl e Sreticed, Ip most
embodinesty, émen edactien duration will be longer than about an hour, for example longer

than about 3 hours such as longer than about 6 hours. The reaction duration may aiso be

less than about 3 days for example less than about 2 days such as less than about 1 day or
less than about 12 hours. Since the reaction is exothermic, control of the reactant particle
size provides a means of controliing to some extent the rate of reaction and hence the

degree to which the reaction vessel requires cooling during the process of the first aspect.

The reaction vessel is maintained at a temperature below or no greater than 93°C. Subject

to this constraint, in some embodiments, the reaction temperature may be maintained at a
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rejection of Hydrocarbons fromoil wetted solids, for
exanple, in tight rock formations through which oil
is flowng, the functional fluid wets the 5production
zone and is attracted to the rock formation, thus

wo mpisegs t he oil of f the rock, reduci ng drif&F/GRaeNe/604164
inmproving oil flow in the renoval of all types of
sul phur contai ni ng substances, in particul ar carbonyl
sul phi de (C(B) whi ch i s8nown to hydrolyse with water
to form H2S, S, and CO2 10as an anti foam ng agent
as a flame r tardan as_an anti - Qqxi @S

temiSipiigic GPetet G BRRER'S: RO AR ERR e Lot (PP B, o

embbditentathp reeelidniienparaturedsmbintaingd atfar@ive chalipoh88€eel |, it
has the ability to protect the pipeli ne or vessel
fromcorrosion 15as a nedi canent or j.n

The foliwing disgyssiopss imited dp @-raees caprisig amﬂ“é“et?‘cﬁm‘t%“é1

and tsbéiar My tioxiod, b@nwayl’m“eﬂhmblel Refarencks trs Figurd/ Dandof obthe

drav@‘?g{I di,Li.Qn, 1n8uded !c‘;@‘})'nnthg hﬁdérgﬁﬁﬁuﬁ Bt ggfpn?&sé ?\5 gt

a Vvirus an con rocess

invegiony |Homrpve§,ath¢5@rar@ﬂorgia@tatsu andhipel pigled mesAn W@éﬁsﬁ?ﬂ@tﬂ&“a‘zo
the kd]oﬁlhg diddidsbnamin afet tyEiE:alt BE al AuMYRE 0P Rilterhéitive O5Y6I@ME Sas
rocar bon feedstock (which may be, for exanple,
desqé ®net hane gas) may be contacted with the
functl onal fluid of the invention using any suitable

Typi@g aEt Hsméig\ dé B4t BRd %rk'éh it hidbxide étféo&ﬁ'lblrﬁe lin a
an

e, | I ne m xer/ cont actor or. a count ;
fea‘é‘?fr"?@ﬁt Fiquesy! Shaws 3P aROSPRRIS b2t progess o der mﬁ@’fﬁ‘Pm
the fuRBioh&iid\oF thB inventidh. A bpetiasadtdr | prefatablymmanofatisresiom as

staitﬂ%ﬁs ?eeg Ys%%: eclég Ig‘tatccﬂtr 'ﬁt?b?ﬁne%l gH&S éﬁ@ J 61’ a%%nb@%s

ers, eat ers, aci %ﬂ
in thegangs) o @émorio ﬁﬁ@ms@au iameter.-Thee gicgp 89% eqle 8 helght o

equﬁﬁl@ﬁcfo BRY of IRd edRfcPs RBILART iIhtiGdinO tHe Widagatdfené siticon

partigen i i s § 6 apk P RRrE P i PR TP S doacen §"
to apmcmmxmmnemmamn ¢hemmidape avatiahle inlthesilicbo 8t sugipthat
the é%@ Sfﬁilﬂ?ﬁsé B thE$8ackdral sﬂ%%}ékgzat@%chaw@ ;03 isecﬁ:ﬁue&éaatsy

process Is t or e parti cul Y
thorquaTi i e SSor-7 @i B8 EF KM RIYQNARIS: TP REIRUM GhNeER
sodi'uﬁt Wd&ﬁ@é&t R@ically hiagtiitf1i Bdvotmbelr itlwilChs cleaiNG) thp | sifikds

perip P e D i o b bt P b, b
upoh diticiodisthe petentiiorine @M@t)ptem@w agfthe ﬁ@fat%am @é?ﬁect
schtft phi@ed Nvention may optionally further conprise, the
steps of: (iii) contacting the sulfur-enriched
functional fluid with a floccul ati ng agent under
Distilled diater dris deseldf with kgyuid ¢hioriaé ISQtior eramiieint aratiorof efater to

quu?iuxlhgo%e i 3 ltltté??el @H/JI ?ﬁ&' 5 {Had o cMEQI?é &ﬂ% info! rb’é&tar 1and

separ a fromt

andf thauraaotl@n P%U‘é%ﬂ"etwpﬁ"ﬁﬁﬁ‘&&t P%Wéi 'theutl%ﬂemh"’!t@ﬁ ﬁ‘éU‘PP it
addefl S8 &0 @e@e‘t B%Fag@% 1t aﬂeasw@m {oQsn grebiee trah deciedehtf the

LT

imnearsadrinwaternthlopihe sdigiohunct i onal fluid. For exanpl e, the
floccul ating agent nay be an al kali netal hali de
pr ef er abl 3( sodiumchloride. 15 The precipi tat

Tyrka. dhor ) B b is0heti B adloeebin PP o T Ue

lag MiHQdRPER. onfiid arfeumipl readars @xied (ifel the olupe edis ofitay sbieon to
used. Use of a plate filter press has been found to
give a reasonably dry solid suitable for skip
di sposal fromsite. Tests to date have shown that the
solids generated by this process are suitable for
land farmng and result in m nimal
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20environnental inpact. The process in accordance

with the third aspect of the invention has been found

to be capable of reducing the | evel of hydrogen

sul phide in natural nethane gas froma level in the

woegi7eseed 10,000 ppmto a | evel of |ess thacTicEoewooiiss

25 The process may further conprise the step of

recycling the recovered unctional fluid for use in

step (i) of the third aspect of the invention.

Prior to recycling, the pH of the recovered
sod:uﬁwatdxraap land fhhllp@rtm)énzbﬁaf fediilicoed ahd sdtfung headxide 3. e

b
e VR
and skceam | Hhesbate Lawitabjel safeiy dacasu®are to be employed. The reactton

temp%rgggé 8%%9@1%%3 élgﬁztggﬁf rgrgélﬁol‘]: e;(&e-g%oglaﬁd@@#?g C), and is

0
rocar any gaseous rocar on

proferebly EaimiEkeb belowabodl 1E%: Gt Th (Smseatue b bisaeirn #

mamt‘éﬁ%@@ Dibifd Bﬂ eﬁéﬁﬂﬂ@aﬂ@?&dﬂn@ﬁb&@ﬂ) W"éharﬁ;ﬁe ﬂ:ﬁytthlé ade ¢fas.
ipve

heatise/oaig Pkt fORGTaL MERe GHET WA SRBTE ToUytRR i A g5

the rea‘ctimh?ﬁi'oﬁeammtmnmdlmﬂm ezt df thecdoiutiBe Bbovertbe silican/sodium

hydroﬁidguégsto m?%g éss@%ﬁﬂﬁnﬁ%lggéttﬁée ‘F\B %%éh gﬁ?%@%%ahp

un erstan Ing o
losseslavent i on. However, these are non-linmiting, and the
skill ed person will be aware that the foll ow ng

Undieh o faratig desyihe abole. 8 raedho BpRaRoBhete i g jours,
after SATGME tite tdbgree oft effevescennes stads doplimfrishn gnt hibett lesultant
funch?ﬁﬁ?lﬁﬁ i Eeaidg%r A Wougpbl%ﬂ&ﬁmé % sfi‘i%bter ﬁ@gtﬁg rde%'ufn?d

one COﬂ act functi ona
to refove enwnwégd grdiceaeNwhistieny centigue fe reastr Thadinighed
chen%!l@%nts@oré@ﬁts@abd gARts rehdsor utilifigichunct i onal fluid

strips out the H2S and rejects the nethane gas. The
on spec sweetened gas then exits the stage one
Figure 2éhawt @h eaafple sf dcloeed edpressnesatissysietmhapnpastitspwhich cgn

o oL B4 b ek B R0 gy
the shmectuaolities ant gudlitien mmq-twitfw 9. pf sifisonrd andagpdivshe
hydr QUL RS f & diven bERA s%r @-ﬁﬁﬂ%@er lm%eh Al :rP&E&tTc@ lhdt Fh a

the case 0 a cont act to st
dosegéaatﬁ@aftgphsqﬁmatéhow %@  2omltean obe wrea'ﬁ@eb&n%ﬁéd‘ﬁf parficle
size digSblioN Qe Idw #E1 A cal be ased tHis eabiding thetsutfactkarea of silicon

El occul dded
ovan P 5 o e RIS PO ORe 6yt
contrbl the quibssties within thevedsspl ysa pressifeccontrelemeang A% aligwg the
reactfbﬂl tbq:g rﬂ&réthﬁtﬁ)H% Oéﬁhsﬂe?tg@ rddifBes i trhﬁ‘ﬁﬁ?tﬂl‘eﬂ%rt @8kction of

ree, ch can be

the swpfauiiom@s? Jequirpd F%&'F'EH Bre SlicsR 21 PRiP sAdUm ydroxide
20, dvé fPé‘d fr@ﬁ ,th@h&ipai 83f d;dritiﬁlletplﬁseé &ahﬁ&n@h@\kenlntd)thb geaction

pres%%e? |ez7 %e vglve sp 983 %bn %‘osésn gnc?‘ ap a% QE %grtg vﬂ'nréﬁ is
fed by a water 23 and chlorine 22 mixture. This mixiure reports via valve means 25
to a vortex generator 31, situated within the pressure vessel 27. The reaction then
begins and is further accelerated by the constant inter-mixing of the particles 20 and
21 and liquid 22 and 23, by the centrifugal forces within the vortex.
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30 suitable for skip disposal fromsite. Tests to
date have shown that the solids generated by this
process are suitable for land farmng with m nimal
envi ronnent al concerns. The liquid filtrate from
wolzagmsidegs ee i s recycled to stage one, for rBECEEBING/004164
the process. 35Depending on the pH of the recycled
functional fluid and itsqgpecific gravity, a pH 15
correction chem cal may be added to naintain the pH
of the functional fluid at about 13. In Fig 3 the
Thefhydroperngad and steamafeneratedi byvibistreagtion arer eplledted inl the aigpem
I t
ponfop% f YRSGE Rsed 77! and feCpre ﬁﬁé fHaloNRE ggéssﬁre%egaw is

be renoved as str I'n one
conf@&'a%r theqrgayired gs&t P‘?J’r‘?sbyp% PrEsPE t3§“§°§7°°8?§°“ef ARG a Arssure
contfol Ralve 2o, (meSga%aé fan@iveditroth@hg m@auee msém 18n 60 Soupgdo af

flamp 28055 B o7 AapT LR GRNSonse) 75 phiin PR, roBired Fafke
route.litwe, bydnegeni becle dhip tmquessureaeaaalos 87 witbowdhe esdoeiatell water
vapévJ{" déﬁé@ivbfgwe ction N ErHEE4h& ﬁ?drgﬁﬁ%émﬁé gﬁ‘ﬂs&b@@m fither

f to a E ase agal n once em pressure
n

enrighsthg ﬂbﬁ"ﬂ@a‘ oryi @tae@'reé:een pestorad efledfp 3 dispasabise-gima
furthie® a@;uh@rhew dfhhelﬁnoe&ié [R50 thé lild$ 1dve! A the bhasee Jasctor 27

sty BRI or T Piro T BPORLEGCaP! 79,05 fepiy o

run fiepemip 24hapt wcddheats vaﬂve mEamZt‘gusactdrmaﬁaua rutatgpras cequired.

I
gt i3 2434 36t RZ00BINAF ok € ilioll B bRirk) yiCvditex witin,
pressWarigaciorn &F, ﬂma@ &vEp %ﬁ%ﬁwam# tr-citsiliaies | tae chegnicg) prasdict
thro@dh GRS vbhridy % or BY &S Hgfirél &P keep/@hd BBidaf 20 Afkd 21 in
i hcr eases ariations in Inlet Tenperature 25 Changes
SUSREMSIORi s type, to the inlet of Anine systens can upset
the operation and require system changes, which in

A co%ﬁrigi Ja? 197 cﬁ?%e 14 \n{'ﬁﬂ% &Bﬁ@%&&?@h th 5@%\9& k’ég)ﬂ%ﬁé #e BldeBLs

on [ea upsets.

temmrﬁﬁyra feivitringhe quylreﬂ)lm@ﬁarnmtemn Wiethe fampefrtyp spatfaller
32. if¥e F&J%i:'tubﬂn%f’?egé]nﬂfﬁﬂorﬁth@rvaﬁ&ﬁ%uﬁétﬁgewml@h b&orrée

1 € SUr m O XIS n S 0
wn@?ﬂﬁ@c% SBRIoh i proPuslon B pREnifaLo VIR the ehoffjohl réketon s
compleles tthenblmb 40 stepiuamd paive) reans GO ctms Vithe nalveheeans 34

opehrf thd Pl ﬁ&lnic@ rssor{s RREr B 59@%,-', mgma{é\{egébn 3.

requi res spen o be rerrove
35 Fig 4 shows such a system 16 In Fig 4, a

Thef FBRCEA BB qguuﬁ' &'ﬂdﬁn@WFeaeﬁHﬁ RCAR ffui@yﬁ{dﬁmdoa but without

03|t|one ont. of an eXIStlngwgaS treat nen
w'simgaﬁmbe beyad py, H@PWdHﬁPe'quE‘i’ that Big hioring geis g2 86 ﬁ‘eefaw sink
to teptazetiar. | ¥f liqeadtnmaée@lneir ussal tHed soRtiveh billcate ealts will form

s iR AR bt I it BB o
the Kiaedag sulcbe mueh shbrder due-todhdipresénd: off liduidt wWietupriar da sl
add@8s of tﬂa%tsﬁmfcsrm@tsoﬁmaﬁ Ol E'?eg‘e'c?rﬁdmétéhcw eihé ya.s.@ Khlofine

nmanageabl t he existing gas treatnent
should be added pnor o effervescence to minimise silicate formatlon

The functional fiuid prepared by the reaction described above is a typically clear and
transparent, viscous liquid having a specific gravity of about 1.25 to 5, for example
about 5, and a pH in the range of from about 9 to about 13, for example from about 9
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In Figure 4, several inline mxer/contactors are used
in series with each unit having MnoChem i njected
intoit. Each unit is capable of renmoving up to 50%
of the bulk 10 H2S in thejgas inlet as described in
Table 1 below. This is an exanple illustrating the

to about L% eﬁg.h fun%?o#aﬁ nf?deal h&bdvief! %W%o&fet:ﬁég hap?)%ﬁlg @rahé?lucent The

such 'as the condition of
functionaffllmdztnayrtaal udeduascprapared.cor c@nghyeu%ddn p@uieg\f@qr@ fg:f example the

t
ontonl ) 89 B8 ool 2] Sl oomongE 1o,
6000 3000 Contactor M xer 2 3000 1500 Contactor M xer
Characteigglogf%Zhefco& oR&f i Mxgtnwdndse 188 Contactor Mxer 5

The precise composition and form of the functional fluid is not fully understood, but it is
believed that silicon and alkali metal ions form a water soluble monomeric i’norganic complex
upon reaction with the water chioride solution. It is not clear if the chlorine, probably present
as chloride ions, forms part of the inorganic complex. The resulting functional fluid

comprising the silicon-alkali metal complex is found to be electron rich (possibly comprising

-free electrons), and readily acts as a reducing agent in the presence of other chemicals with

the conversion of these chemicals to water soluble salts, or even elemental compounds. For
example, upon reaction between the functional fluid and H,S, elemental sulfur can be

formed.

Thus, the functional fluid of the present invention has the ability to selectively remove

targeted contaminates from any carbon based fluid stream.

Utility of the functional fluids _of the present invention

The functional fluid of the invention has utility in a number of applications, for example:
. as a CO, Scavenger
. as a H.S Scavenger
e in the treatment of NOx (e.g. NO and NO,) & SOx (e.g. SO; and SO;)
gases

. as a Corrosion inhibitor

. in the enhancement of existing sour gas treatment systems such as
Amine plants
. in the removal of contaminates from water e.g. pre-treatment of boiler

feed water and waste water treatment for Volatile Organic Compounds
(VOC) and Methyl Tertiary Butyl Ether (MTBE) and
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Generally, it can be said that the nore units that

are enpl oyed, then the better the 1-125 renoval w |

be, although there will be a point at which the

benefit gained from 20extff units is mnimal. The
retrofit systemis normally designed to achi eve an

overal | (%% v f U8 Fadhehigayid 4sh$et5' E§| forms
1-125 to(li ¥®r?ovozdman9 %gﬂgx?fstl ng ]eqw prment . Such
retrofitcrgptesmridofm end legipneaigs advant ages to the

process plant o [ le. in tight
Papp ng 1He8on AL Pl Baftio® Jfih, B2 wetfpa BouiE ol il i g
modi f i catock fsmatens moaugheld'esfsait isI fipwingu the anghanat fluidwets the
down | rf th
can be c%rr?%?tkogazoagoa%lgl ,S%{[ H&?edefé ﬁ éer#%s%%n%e%cmg ©
wi t h t heoiMsfithElreck, mpunmudwgg aod tmwowlegeli tp#ent tank

30and fi]t uni t dto o

the Bi pePitie it Fepes ot SR Frr iy MBRARRS [ffHricutr
pl ants dcymsrtym ealﬂhlde|(C®SaMIme$1ﬁmmdtorimﬁm1mﬁh whigs to form
subst ant ng em ssions fromthe site. No

l'i quid ab?% ﬁygngg\'r%%*ed thus there is no need to renove

a |igqui daggh dnﬁfdamusg dgant The possibility of

conversion of sul solids into fertiliser, for

conmer ci 8% 2{fage r53§g"ect ive renoval of CO from a

aseoys h,dpQaai-BARahteRADEIRR InHAMEY,! fof eRarkblé, @heh the chemical is
sul phur conponents 10In accor dance

a rth .
aspect ofiecks Nty anpiPgliie ehusssel ?aﬂﬁgﬂ(ﬂrﬁé’ﬁrbé’”p?tsgeétshas the
for the Eﬁf‘fﬁ‘f@bro‘?éct@%ﬁélm@d@vgé&‘?ﬁbl@\ doyrdsiesar bon

f eedst oc avi n onent, conpri sj

st eps of s @umedjeamerétqrn@ “t%@'af‘ﬁfﬁetw%ﬂfa? ”?qdlﬁag"eé‘ﬁdcof grample,
gaseous ﬂ*%@ﬁéﬁtﬂ‘%ﬂt Bﬁﬁﬁjﬁ{s@&kbﬂén d&4rus aRdiok brRBE c()ﬁ@iflon or for

exanpl e, elevate ressure) sufficient to dissolve

the CO2 Mee intee !LFSﬂ’fmﬂE‘[t pﬁwnswtlm'ta a yirys)angégs hlogd; Gogdition.

t he gaseous hydrocarbon feedstock fromthe functional

fluid;, and (Hi )depressurl sing the functional fluid to
Process fo gesulfusis atiapoof gaseeiiso] drggarbonfeedsios Phe functi onal

fI uid. 20In this aspect of the invention, the gaseous

hydr ocar bon feedstock (which may be, for exa

In the thifelagpegt qfrﬁlﬂw@h\@"@ﬁs}“%%%ﬁeﬁes bUAtoeRIbam IHACEICR RBICh may be, for

exampief H%HI Qﬂﬂh d Yad r%){ bB ecohfé\é%at Wi tHESTURBtGRAY ﬂﬁdldfall?é évention
aratus Known in the art for that purpose.

using amaw’;ﬂbte ABRRTFPHONN By IhEoRH 28 At GHRPsEo hh 8?‘5""9'9 an inline
mlxerlcoﬁfércfo‘? 3F a @ miéﬁrt}e‘?@ﬂ&ﬂ shrpRig toRYr A8y B 8ed. 25 The
ressure at the functional fluid and gaseous
hydr ocar bon feedst ock are contacted will depend on

By contrraglewﬁil‘?g d@re @ TSR LSRN Bhits S @M ési"'ﬁmfr%eﬁ&lé?ﬁé( the process of the

er conditions of hig Fressure
third aSpec,\qu;aa ot Cﬁqsuge boiers rhaaigssapitk ety 'BFHEW Of 'unk?ct'@rfwc’{%%?ﬁ WS The

process tohfl"leﬁl?l?os%eﬂe%t Rby HifeRhShE el bubs a@ritﬁ‘éﬁt@’émbéraﬂjré for example
xanpl e greater than 5 atmsuch as gre f:u
greater thamaba@ 5°C, such as greater than 10°C or greater than about 15 C The process

temperature may be less than about 60°C, for example less than about 40°C, such as less

than 30°C. This process is therefore



10

15

20

25

30

35

atm The pressure may also typically be | ess than 30
atm for exanple less than 20 atm 30 18 In an
alternative enbodi nent, the functional fluid and
gaseous hydrocarbon feedstggck may be contacted under
condi tions of anbient or even bel ow anbi ent pressure,

particulafy Q¥&fIER &. BaFretfe@EIh@%ﬂﬁal%aﬂaﬁé ighs POV €o (pkdr@ssing in quwf ied
Separation o aseous hydraocar b?n f eedst ock

Natural Gab (LNSGRIPRSITSNITE Where; FRsprasialy & feat gLy 1 thé Sogenic
units and QPSR sibuR FrRYSR aewayakadu%f)@ifan&@ fromthe
functional fluid. The solubility of CO2 in the
functional fluid is believed to be inversely

The procBEQQPthé kRl pher dritse ﬁnbéht@ntrﬁéwt@halry&urtﬂéﬁfoﬁfpﬁs@ thé Bteps of:

order to increase the sol ubil }/ CFEQ E‘?
(i) f upentpdingl th?l%H”éFf'eﬂfl*ﬂé"eF'ufHB?tioé‘ﬁb U'F‘l‘M'F an%‘&PCH ing agent under
conditbRY 'sgﬁgleﬁf tR allSH WrEShilaB oM OF aulkirefront NBe 1KUHFlI-shrikhe@ Yunctional
I'n principle be provided at any tenperature above its
fluid;fapdezi ng point, with the highest CO2 sol ubility being
(iv) e"é@p@?é’uﬁ& t6d pFJE:“r’p faRes liful REPEha TER- rebloWR RS furicheriz fluid of
an econom ¢ consi deration associated with cooling
tﬁbef!tﬁherﬁemaﬁ aspest @f HISdNEHtPH some embodi ments, the
fluid will be provided at higher tenperatures In
sone enbodi nents, the fluid is provided at

The flocewaingr agetemay bgep@ivkaeuRfloseatingopgent @}eahlﬁ of ipdugiyg sulfur
preCIpltaﬁaPMttgégﬁaﬁﬁe BSliwnRhe bt th@Q@acﬂEﬁﬁ ﬂfulc!'I IFdr BRYMBE StBe Mecculating
at a tenperature bel ow about 20C for exanple
agent mEb(e*PEbW akélutne@)bmn(})eh pecferpBlY spAE d¥ASKG ment, the 1 uid
is provided at a tenperature bel ow about 5C such as
in the range from about 1-3C, for exanple about 2C.
The preciitatrsksyffbray Serapamind PeancutiaplPsEPRIRIOR PEgsest. For example a

y pasatd; Ofker PRésdl REEl Hed Sib@ll&i to give a
plate f|lt%r‘ %}%‘é@ ?15? Béq%rsgtgess Thi gg?oceggﬁ%s thergf o g

reasonafawahs@@e%ugblprfw sl dispogal |f6m51teh deglsi tPedate Bﬂ"eo?h%@zthat the

solids géﬁ’érafeQ”HFrtﬁi‘sahro%QQ if@tduRASe BPUahELASNih® HIEHROR iht minimal
escaping to the environnment. Liquidised CO2 has a

environmgstal ingBRGinced narket in the foll owing areas: 25 (a)
Downhol e fractionation (CO2 fracs). (b) Secondary or
Enhanced G| Recovery (EOR) formation floading. (fc)

The progasy) iBraFcRIGaNes dthnibst thff@rasg??taﬂdf@l igygratiop d)asr\%r?y ound to be

capable QT H%@[lm%’ m@é\?‘él 3k h?d’rggérﬂ V\gﬁlﬂé @ nas8bmethal@ das &8ml Ae@dl in the

ternative enbodi nent is presently | ess -

region oft:HQ0 pred fo ﬂ@@b@ﬁ'ﬁﬁ*ﬂ?%é&pﬂh on of the CO2 in the
functional fluid it is possible to break the bond
between the CO2 and the functional fluid and fil %

The procsgs maydugbersomreisntinsten of ecxeing dhe fgppyergp fynctional tluid for use

veMidnn 02 being rel eased into the

in step (’Zb@émﬁﬁfﬂ%ﬁg‘ﬂ@o& ment, the functional fluid 35is

sacrlflced as a scavenger and so results in depl eti on

Prior to %E{J&I[Hﬁ the Eﬁtdf%@}ec%{léfbg funcliShal ﬂu@ﬁnmﬁioﬂméﬂ t®be hfeGter than

ect of the invention, the hydrocarhbon fe

d
about 1z;<5¢rmame taa phirafebRtad hi IKES Bak6 lﬁ@a@% Y dgbd j2n kgl metal

brroRddirhbigRokifint ffrGil conponent speci fied. It has
hydroxid ur0 r?égf]%g 39 Ibeeilri}%found that by providing the

functl onal
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5 fluid at a reduced tenperature, it is possible to
sel ectively separate CO2 from the hydrocarbon
feedstock, wi thout renoval of the |-125 conponent. In
this enbodi mrent of the invention, the functional

whl20078b52068/ be provi ded at a tenperature bel ORCEGBDG/004164
5C, preferably in the range from about 1-3C, for
exanpl e at a tenperature4of about 2C. 10 The process
may al so further conprise the renoval of the sul fur
conmpounds of the separated gaseous feedstock usin

The dseony insescarboh feddetotihinaylba spegaseois RygcRippR Fﬂepﬁiﬁl?kghtﬁe

woullzl ﬁﬁ%sé {}Y;ﬁg@eﬂg CcLeyQ Ife%d%foci( %ﬁ??i&iﬁﬂ‘ pHidbinirBAYY RRthane such as

eference to a process for 15 the
natugabgasval of CO2 from a net hane feedstock containing
CO2 and H2S. Reference to Figure 5 of the drawings is

i ncl ud ist in th d ' f
The g st of teitaertinul pos Be GEYE) BY Kt o el ocess fr
the reingwdl ©f HsS from-d methtnenigedsionit. Reflerenked todtpupes 3 ard diof the
be aware_t f.al. ' ' ¥ i
oo 8 g, by k0 sy s f e
inventiosc Hpwexer.dhesgeare POnHmiing, %@lfbﬁﬁ'gmlﬁe@"t“@r@ pg gyvare that

the PXISHARE ditussis® Wil BB 5l B at-Rdmissredfi aiternativen spsierhares
gas streamand it is required that CO2 be selectively
desqripg@aRYef or the gas stream 25 For the renoval of

C2from a natural nethane gas stream pressurised
Fig Pefidwancthgestagedramsoeiemplitiingdss fhigd gmeg&f dhe inyanion.
contactor T101 where a streamof the functional fluid

The%fés i'Be g.%&a.ti%fé@ 16 Me stade éhe GIHRAXGR i WRICR tiRLIDACtibnalFluid
2C, 1s distributed above tyq;’gl cal | ta rﬂgom R%%rn%e
(designgtegcManalhgiy énd iR PRSI FRYSRY P SRRPS *AYe “gas
funchomHl Flds stgibﬁ_of.lﬁlﬂiﬁh He® aind friejeced, theireetbariehgasCOXhe on spec
associ at wth.t a 8 .
swedignech ot Mso e Fadh one Geleief Bl oo BRae Sihet
tertiafyepalietitg spsterasornifi thér gam eandiion; s aqseptablpn iocarpPXPORL gas
Pipﬁ%}éﬁ%/ﬁ;ff‘%&m rol valve (L) allows the functional fluid

€ CX®2 in solution to exit the contactor where
it is directed to the CO2 extraction vessel T102, via

The"’mn&ibflﬁ}lﬂu%;enﬁaﬁ@?’\ﬁiﬂmﬁ e thd siagqoct)derr_:optaem isrtben éc;i;f.ected,
Vesse oget ner, W .

g RS BTN R UG 2 fontetil i 18 sl 618 EflscRinddhy
smAIER mixei/tantadter, witlp eGSugbfresidee time 1@ ast 8% acdevaippReNS tank.

Repgndi i %@g th bR 8R! inBON thigtamoadliow ek
Flo%%g?ggg%gg %%%%%%%%4 20 reiaul ations, the CO2
sulfgetn fipeasiateand develod as@ selidyui di sed for use in flooding

or used in other applications. The functional fluid

The KRR Sid SSHas Sktine fidhe stagé tvamio theh dirictad thwasdspstagse three,

through a refrigerate it
WG B koL IPEg eqice Jrion §F EOHLANn. 1 poRfe, a plate
filte pr¢e had prevérett becadehaate fr this puipeselighvingtaigaganably dry solid
suiBRE" BF 1<t éi&?c}saF REAUGR. (RSSRS 8XeRAe! sShowhi @t FRAkGIds
€ con 5_)0 or packi n%q and the praocess is.r e,geat ed,
gericrated by dis RCRERTEIRIGHIS o SANd ARG Wit inigal nyrenhent)
corlc@ees are replenished by a MonoChem nmake up system
10 EXAMPLES OF USE A functional fluid was prepared

and, ted as fol ) ows: i opal A

g i 5R Tethstads MR ST Db R e B Suess.

Depéridingnart theapH ghthe reqyoiadrignetionaltibist ardbits spnsfic igegity, caopH
02 and CO2 | evel s were nonitored over a period of 1
hour. The results are shown in Table 1A and 1B. In
experiments G IA GC 2A and C3A the levels of gases
in the exhaust were neasured over 1 hour. In
experinments CG1 B, C2B and C 3B the exhaust gases
wer e pacced through the 20 functional fluid in a
contacting vessel, and the |evels of gases in the
exhaust after passing through the functional fluid
were nmeasured for 1 hour. 21 Table 1A
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Test run C-1A C1B C2A C 2B Anbient conditions
(inches of Hg) 29.86 29.86 29.79 29.79 (kPa)
(101.2) (101.2)

WO 2007/052068 PCT/GB2006/004164
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correction chemical may be added to maintain the pH of the functional fluid at about
13.

In Fig 3 the functional fluid of the invention is re-circulated in the systern at a flowrate
determined by the amount of H,S to be removed from the gas sfream. in one
example 10 US gallons per minute (37.85 litres per minute) (was sufficient to remove
up to 10,000 ppm of HzS from 700,000 standard cubic feet per day (SCFD) (19,822
cubic metres per day) of natural gas.

The above mentioned process has also proved to be of use in removing CO,. The
CO, can be witnessed flashing off fo a gas phase again once the MonoChem
pressure is dropped. To date, CO; levels of up to 10,000 ppm together with 10,000
ppm of HoS in a methane gas stream have been removed simultaneously.

The retrofit application of the process of the third aspect

In practice, existing gas treatment process plants, such as Amine and Claus units
can be a bottleneck in systems where the inlet conditions have changed for whatever
reason, for example: '

Volume of gas increases
Pressure drops

Volume of H;S increases
Variations in Inlet Temperature

Changes of this type, to the inlet of Amine systems can upset the operation and
require system changes, which in most cases set up and cause chain reactions in
plant operation leading o major upsets.

Due fo the simplicity of the MonoChem functional fluid system it is now possible to
offer a process stage to be applied upstream of existing gas sweetening plants to
effectively debottleneck the process, or to substantially reduce maintenance cost
where the existing system is of the absorption type, which requires spent material to
be removed and replaced.

Fig 4 shows such a system.
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(100.9) (100.9) Tenp (F dry) 51 52 52 52 (C wet)

(11) (11) (11) (11) Tenp (F wet) 46 48 48 48 CC
wet )
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In Fig 4, a functional fluid compact contactor system is positioned in front of an
existing gas treatment plant. The functional fluid compact contactor can optionally be
bypassed or can be used to freat a proportion of the total flow of gas to be ireated.
The proportion of gas treated can be sufficiently large such that when re-combined
with the untreated gas, the resultant ppm of HzS left in the system is manageable by
the existing gas treatment plant.

In Figure 4, several inline mixer/contactors are used in series with each unit having
MonoChem injected into it. Each unit Is capable of removing up to 50% of the bulk
H.S in the gas inlet as described In Table 1 below. This is an example illustrating the
process. The removal efficiency of each stage is dependant on factors such as the
condition of the functional fluid at each stage and the levels of contaminate present in
the feed at that stage:

Table 1
H.S in| HS out
ppm ppm
Contactor Mixer 1 8000 3000
Contactor Mixer 2 3000 1500
Contactor Mixer 3 750 375
Contactor Mixer 4 375 188
Contactor Mixer 5 188 94

Generally, it can be said that the more units that are employed, then the better the
H»S removal will be, although there will be a point at which the benefit gained from
extra units is minimal.

The retrofit system is normally designed to achieve an overall removal level of up to
95% leaving the final H,S to be removed in the existing equipment. Such a retrofit
system offers several advantages to the process plant operators, such as:

- By use of hot tapping into the existing plants inlet piping, the modifications
need not necessarily cause a plant shut down.

- If required the existing Amine tower can be converted quickly to a system
using MonoChem with the MonoChem reporting to the development tank
and filter units used to recover the MonoChem from the pipeline contactors.
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(8) (9 (9 (9 Humdity (Ib x/1b air) 0.0054
0.0061 0.0061 0.0061 (g x/g air) (2.4) (2.8) (2.8)
(2.8) Engine speed (rpm 720 722 721

17

In this way, the Amine plants downstream units are rendered redundant, thus
substantially reducing emissions from the site.
- No liquid acid is formed thus there is no need to remove a liquid acid from site.

- The possibility of conversion of sulphur solids into fertiliser, for commercial use.

Selective removal of CO, from a gaseous hydrocarbon feedstock comprising CO, and

sulphur components

In accordance with a fourth aspect of the invention, there is provided a process for the
removal of CO, from a gaseous hydrocarbon feedstock, having a CO, component,
comprising the steps of: |
(i) contacting the functional fluid and the gaseous hydrocarbon feedstock under
conditions (for example, elevated pressure) sufficient to dissolve the CO; in the
functional fluid,;
(ii) separating the gaseous hydrocarbon feedstock from the functional fluid; and
(iii) depressurising the functional fluid to cause the evolution of CO, gas from the

functional fluid.

In this aspect of the invention, the gaseous hydrocarbon feedstock (which may be, for
example, natural methane gas) may be contacted with the functional fluid of the invention
using any suitable apparatus known in the art for that purpose. For example, an infine

mixer/contactor or a counter current flow stripping tower may be used.

The pressure at which the functional fluid and gaseous hydrocarbon feedstock are contacted
will depend on the degree of CO, removal from the feedstock required. Under conditions of
higher pressure, more CO, will dissolve in the functional fluid. Typically, the pressure of the
system will be greater than 1 atm, for example greater than 5 atm such as greater than 10

atm. The pressure may also typically be less than 30 atm, for example less than 20 atm.
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722 Em ssions Destruction (% Destruction (%
NOx (pprmvd) 2217 130 94.1 2224 134 94.0 CO (ppmvd)
6025 446 92.6 5736 528 90.8 02 (% 0.2

WO 2007/052068 PCT/GB2006/004164

18

In an alternative embodiment, the functional fluid and gaseous hydrocarbon
feedstock may be contacted under conditions of ambient or even below ambient
pressure, provided that, following step (i) above (the separation of the gaseous
hydrocarbon feedstock from the functional fluid), the pressure is further lowered to
cause evolution of CO, from the functional fluid.

The solubility of CO; in the functional ﬁuid is believed to be inversely proportional to
the fluid temperature. Therefore, in order fo increase the solubility of CO; in the
functional fluid, the functional fluid may be provided at a reduced temperature. The
fluid may in principle be provided at any temperature above its freezing point, with
the highest CO; solubility being exhibited at the lowest temperatures. However, there
is an economic consideration associated with cooling the functional fluid and so in
some embodiments, the fluid will be provided at higher temperatures. in some
embodiments, the fluid is provided at a temperature of below about 50°C, for
example below about 40°C or below about 30°C. The fluid may also be provided at a
temperature below about 20°C for example below about 10°C. In a preferred
embodiment, the fluid is provided at a temperature below about 5°C, such as in the
range from about 1-3°C, for example about 2°C.

The process may further comprise the step of liquefying the separated CO; gas
obtained in step (i} of the process. This process is therefore advantageous in that it
allows the collection of CO, for commercial applications, not least to prevent it
escaping to the environment. Liquidised CO. has a well advanced market in the
following areas:

(@) Downhole fractionation {CO, fracs).

(b) Secondary or Enhanced Oil Recovery (EOR) formation flooding.
(¢) PLM and NGL ireatment for stranded gas.

{d} Many other Commercial and Industrial uses of CO,.

In an alternative embodiment, which is presently less preferred, following dissolution
of the CO: in the functional fluid it is possible to break the bond between the CO; and
the functional fluid and filter out the carbon content as a solid, typically bicarbonate of
soda, with O, being released into the system. In this embodiment, the functional fluid
is sacrificed as a scavenger and so results in depletion of the functional fluid.
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19.4 0.14 19.2 CX*2 (% 11.9 0.42 11.9 0.5 Tabl e
1B Test run C-3A C-3B Anbient conditions (i nches
of Hg) 29.82 29.82
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In an embodiment of the fourth aspect of the invention, the hydrocarbon feed
comprises sulfur-containing compounds (such as H;8) in addition to the CO;
component specified. It has surprisingly been found that by providing the functional
fluid at a reduced temperature, it is possible to selectively separate CO, from the
hydrocarbon feedstock, without removal of the H,S component. In this embodiment
of the invention, the functional fluid may be provided at a temperature below about
5°C, preferably in the range from about 1-3°C, for example at a temperature of about
2°C.

The process may also further comprise the removal of the sulfur compounds of the
separated gaseous feedstock using the process of the third aspect of the invention.

The fourth aspect of the invention will now be illustrated by reference to a process for
the removal of CO, from a methane feedstock containing CO, and HzS. Reference fo
Figure 5 of the drawings is included to assist in the understanding of the process of
the invention. However, reference to this figure is non-limiting, and the skilled person
wili be aware that the following discussion will be typicai for & number of alternative
systems as described above.

Fig 5 below shows a typical system for use when CO,and H,S coexist in 2 methane
gas stream and it is required that CO, be seleclively removed for the gas stream.

For the removal of CO,from a natural methane gas stream, pressurised methane gas
and associated CO; is directed into contactor T101 where a stream of the functional
fluid of the invention (M), at a temperature around 1 to 2°C, is distrdbuted above
typically a random packing inside a counter-current stripping tower. The gas contacts
the functional fluid, where the CO; associated with the gas preferentially dissolves in
the functional fluid. The functional fluid rejects the methane gas which then exits the
contactor. A level control valve (L) allows the functional fluid with the CO,in solution
to exit the contactor where it is directed to the CO; extraction vessel T102, via an
array of spray nozzles. A drop in pressure in vessel T102 together with the agitation
caused by the spray nozzles drives the CO, out of the solution. The CO, exits the top
of T102 via a mist eliminator. Depending on the process and local environmental
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(kPa) (101.0) (101.0) Tenp (F dry) 51 51 (C dry)
(11) (11) Tenp CF wet) 47 47 (C wet) (8) (8)
Humidity (Ib x /1b air) 0.0059 0.0059
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regulations, the CO; can then be flared or liquidised for use in flooding or used in
other applications.

The functionat fluid free of CO, exits the bottom of T102 and is pumped through a
refrigerated heat exchanger to cool it back to the required 1 to 2°C. The functional
fluid leaves the heat exchanger and is directed to contactor T101 through the spray
nozzle which soaks the contactor packing and the process is repeated. Litlle or no
MonoChem is consumed in the process; any losses are replenished by a MonoChem
make up system.

EXAMPLES OF USE

A functional fluid was prepared and tested as follows:

The functional fluid was tested on exhaust gases from a gas turbine fueled with
natural gas, running at about 720 rpm. NO,, CO, O, and CO, levels were monitored
over a period of 1 hour. The results are shown in Table 1A and 1B. In experiments
C-1A, C-2A and C-3A, the levels of gases in the exhaust were measured over 1 hour.
In experiments C-1B, C-2B and C-3B the exhaust gases were passed through the
functional fluid in a contacting vessel, and the levels of gases in the exhaust after
passing through the functional fluid were measured for 1 hour.




(g x/g air) (2.7) (2.7) Engine speed (rpm 721 720
Em ssi ons Destruction (%9 NOx (ppnvd) 2101 91 95.7
CO (ppnvd) 6316 548 91.3 02(% 0.14 19.1 CX2 (%

21
Table 1A
Test run C-1A C-1B C-2A C-2B
Ambient conditions
(inches of Hg) 2086 29.86 29.79 29.79
(kPa) (101.2) | (101.2) (100.9) | (100.9)
Temp (°F dry) 51 52 52 52
(°C wet) 1) (11) (11) (11
Temp (°F wet) 46 48 48 48
(°C wet) @ @ ©) @
Humidity (b x/Ib air) 0.0054 | 0.0061 0.0061 | 0.0081
(g x/g air) (2.4) (2.8) (2.8) (2.8)
Engine speed {rpm) 720 722 721 722
Emissions Destruction {%) Destruction (%)
NOyx (ppmvd} 2217 130 941 2224 134 94.0
CO (ppmvd) 6025 446 92.6 5736 528 90.8
02 (%) 0.2 19.4 0.14 19.2
CO; (%) 1.9 0.42 11.9 0.5
Table 1B
Test run C-3A C-3B
Ambient conditions
(inches of Hg) 29.82 2982
(kPa} (101.0) (101.0)
Temp (°F dry) 51 51
(°C dry) (11) (11)
Temp (°F wet) 47 47
(°C wet) (8) 8)
Humidity (Ib x /b air) | 0.0059 0.0059
(g x/g air) 2.7 2.7
Engine speed (rpm) 721 720
Emissions Destruction (%}
NOx (ppmvd) 2101 91 95.7
CO (ppmvd) 6316 548 91.3
O- (%) 0.14 19.1
COz (%) 11.7 0.57
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11.7 0.57 22 CLAIMS 1. A process for the
preparation of a functional fluid conprising:
reacting silicon, alkali netal hydroxide and a

sol ution conprising water and a chlorine source in a
reactor 5vessel at a tenpefdture of no greater than
200F (93C), wherein the chlorine source is chlorine

CLAIMBas or liquid chlorine. 2. A process according to

ﬁl aim1, wherein the silicon and al kali netal

ydroxi de are added to _the reaction vessel prior.to .

A peas§ PR e RIRAArFio8 a 3/feretighAl Pm"'ﬁﬁgmfﬁ?gﬁlngaﬁ%‘lf"“' alkall

,nﬁﬁ myefdx{&ﬁ-an@hal HIRTODCRHHrisihg Watkriagdtaochtdrinersoiiroerin 2 reactor

erein e chlorine source i i qui.d chl ori.ne. .

VBSSohah IR U HEAE o IaR 2D SN WP e cplaps source
isfHlorineydsbraifli@chRengdre in a ratio of 15from 10:1 to
30:1 by volune. 5. A process according to claim4,

wherein the water and liquid chlorine are in a ratio
A0froddQUcca@iny th):iaia U imeRitbthe Ailipb0a8s slkalt metat hydyotide are

oA IR aiOn Y EUPIR ' e FHler of 3 Gyutph spmpHER] yakr and
cBlodin®y volume. 7. A process according to claim5

whereéin the anmount of silicon to alkali netal
hydroxi de is about 1:1 by volune. 25 8. A process

A ?de%éj h&rdifg &¥aiRT €6eeliwigersihaheTohivrer soukdeds ligud thiorine.
enperature 1s no greater than 175F (80 C). 30

A process according to claim 3, wherein the water and liquid chlorine are in a ratio of

from 10:1 to 30:1 by volume.

A process according to claim 4, wherein the water and liquid chlorine are in a ratio of

about 20:1 by volume

A process according to any preceding claim, wherein the amount of silicon to alkali

metal hydroxide is in a ratio of from 1:5 to 5:1 by volume.

A process according to claim 5 wherein the amount of silicon to alkali metal hydroxide

is about 1:1 by volume.

A process according to any preceding claim, where the reaction temperature is no
greater than 175°F (80 °C).
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11.

12.

13. A

14.

15.

16.

17.

18.

19.

23 9. A process according to any precedi ng claim
wherein the netal of the alkali nmetal hydroxide is
[ithium sodiumor potassium 510. A process
according to claim9, wherein the netal is sodium
11. A process according to2Zl aim 10, wherein the
sodi um hydroxide is in solid form 12. A
process according to claim 10, wherein the sodium

9. A pﬁ&gwé%c@?dmg%ldﬁytpP&eHm@mlaefﬁq ARerbRABY B of BHleldlkimetal

A process according to any preceding claim
WW@P@ﬁﬁ"&%@U%hFQQNH%°F§W§§ﬁP@on nmetal grade 441. 1514,
A process according to any preceding claim wherein
the silicon conprises particles having a nean

A praeesscaaceo@ingria caim Sawhpiey hesrstal sRediyniso nm 15, A
process according to claim 14, wherein the silicon
conpri ses partlcles having a nean partic|e dianeter

A prapefsragceidBie to £laim 10 Whegnihe SadumAVFIXEsds g g
to any preceding claim wherein the mater |s
distilled water. 17. A process accordi

A PPERSSHAREdIHP §laitnAB whererrbe FedEmdakieds n 1be dgyanof an
gguégygsghﬁg§phere 18. A process according to any one
clainms 1 to 16, wherein the reactor vessel is
cl osed to the atnosphere. 19. A process according to
| bPBceURg cRiiM, Wheremi thé eMEormiB &iligesmefal grade
ﬁﬁg?%:(ﬁg%lﬁgqﬁ%gglpr% fofgm are | oaded to a hei ght ’
é&hlvalent of about 30% of the reactor vesse
vol unme, prior to addition of the solutlon conprlsing
water and |liquid chlorine. 24 20, A functional fluid
A waoe%gacao@y@gpﬁn& pEegdingyelaim. wh%fs'"tthe §ilicofheprapisas pprticles
Ir-8nditvg RoMr106AE 180Gahdi ng to
g%\gﬂ%? nﬁ%é_tlc?@?lgh%g@ 5 Sglg A functional fluid
according to claim 20 having a specific gravity of

A (B0 acoRiHy t8 cRitnals, Whe@inkthb Qiliden c&ﬁﬁr@e@%‘;@ﬁ%&é@ma@g\g a mean

process according to any of claims 1 to 1

pattigiectiarastal ranpingdrogr b Hy1?BMB ai m 20 or 21,

wherein the alkali netal hydroxide is 10sodi um

hydr oxi de. 23. A functjonal fluid according to %n of
A piogesesacgording 1o 2ny wrrceding A4, wherekghe waterii digdie at

grade 441. 1524. Use of the functl onal fluid of any

of clainms 20 to 23 as or H2S scave

nger. 25.
A Bi9sS35H 0CEITAIAGEY SIRFCFEBARIMONHEIRY B RACH BB 15,088 to the
afn@ddhEleS scavenger in wet oil and gas production
syst ens.
A process according to any one of claims 1 to 16, wherein the reactor vessel is closed to

the atmosphere.

A process according to any preceding claim, wherein the silicon and sodium hydroxide
in solid form are loaded to a height equivalent of about 30% of the reactor vessel's

volume, prior to addition of the solution comprising water and liquid chlorine.
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20.

21.

22.

23.

24.

25,

26.

27.

2026. Use of the functional fluid of any of clainms 20
to 23 in the treatnent of NO and SOx gases. 27. Use
of the functional fluid of any of clains 20 to 23 in
sour gas treatnent systens. 25 30 35 25 28. A
process for the desul furisétion of a gaseous

hydr ocar bon feedstock conprising: (i) contacting the
gaseous hydrocarbon feedstock with a functional fluid

as claimed in - . any. ane of cl aj 2

A GreanaL B refame seestonran AR & ol r R B M LR B
BhiaiHabicohad pidcssaccaniing t)anyet ohens hitp 9.desul furi sed
gaseous hydrocarbon feedstock fromthe
sul fur-enriched functional fluid. 29. A process as

A fehetigradfidic asdoading BSclhit 2Ravicpappécticuyavitylod abowss and a pH of
10(iii)contacti the sul fur-epriched fulnctif)go 9
ot Qitowi 2 RPIRMAPITRN A BIOCRY GERNRAY LEAMT 1 bhs

sufficient to allow precipitation of sul phur fromthe

A Eeiaeb i pcirds TR 2] P W ey DaRTHBIaR o

EoiGhi amdxidel Ui d as clained in any one of clains 20
to 23. 15 30. A process as clainmed in claim 29,
further conprising the step of recycling the

A fuHBdnaPMad atdordielg tanyusieldims L0ep 28 | Whenéin theasinod8s silicon metal

31. A process as clained in claim30, wherein the pH .
gfadert#r ecycl ed functional fluid is 20nodified to be
greater than 12. 32. A process as clained in claim

31, wherein the pH of the r cled f tional,,tl uid
Usee5t ioniinal e Barty of 125 56 Y6 5 55 LS Gd g aspnoer
in claim28, wherein the gaseous hydrocarbon
U e Ok 1 S R§ 2P N Lk 35 Y53 ATRY 8GR i3t DM and

gas production systems.

Use of the functional fluid of any of claims 20 to 23 in the freatment of NOx and SOy

gases.

Use of the functional fluid of any of claims 20 to 23 in sour gas {reatment systems.
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28. A process for the desulfurisation of a gaseous hydrocarbon feedstock comprising:
(i) contacting the gaseous hydrocarbon feedstock with a functional fluid as claimed in

any one of claims 20 to 23 under conditions suitable to form a sulfur-enriched

functionat fluid; and
(i) recovering a desulfurised gaseous hydrocarbon feedstock from the sulfur-enriched

functional fluid.

29. A process as claimed in claim 28 further comprising, the steps of.
(iii)contacting the sulfur-enriched functional fluid with a flocculating agent under
conditions sufficient to allow precipitation of sulphur from the sulfur-enriched

functional fluid; and
(iv)  separating the precipitated sulfur from the fluid to recover a functional fluid as

claimed in any one of claims 20 to 23.

30. A process as claimed in claim 29, further comprising the step of recycling the functional

fluid for use in step (i) of claim 28.

31. A process as claimed in claim 30, wherein the pH of the recycled functional fluid is

modified to be greater than 12.

32. A process as claimed in claim 31, wherein the pH of the recycled functional fluid is

modified to about 13.

33. A process as claimed in claim 28, wherein the gaseous hydrocarbon feedstock is

predominantly natural methane gas.



