WD 2008/ 032067 PCT/ GB2007/ 003467 1 METHODS AND COMPCSI TI ONS FOR THERMALLY
TREATI NG A CONDUI T USED FOR HYDROCARBON PRODUCTI ON OR TRANSM SSI ON TO HELP
REMOVE PARAFFI N WAX BUI LDUP 5 TECHNI CAL FI ELD [0001] The invention generally
rel ates to.@quﬁﬁkﬂgps for warm ng a conduit used for hydrocarbon
production or ‘transm ssion to hel p remedi ate paraffin waTHaBI0aU346Rbr e
particularly, the invention relates to formng a treatnment fluid with
reactants that react exothermcally to produce heat in a controll ed manner
and introducing the treatnent fluid into 10 the conduit to warmthe

pi peline. The heat. can be used to help renove paraffin wax deposits.
BACKGROUND [ 0002] Hydrocarbon, such crude oil, for making various grades
of fuels and oils, is produced by drilling wells into the earth, either on

| and or under i i 0 ons, includin
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paraffin wax. eposition 1s fou practically
whenever AEENREBIHUSEDEF QR HYDRQAEARBON PRODYY GHIRN ORERANSMEISEONSH)

Paraf fi n wax depositiogﬂﬂ9§ t i ring oil production
and interfering with transp@@%wwﬁgm?eﬁx deposits are
typically nmade up of |inear, saturated hydrocarbon chains (typically Cl6 to
Cso) adm xed to branched hydroc .t enes, water, and inorganic 20
conpounds such as sand, rust, i?gﬁ%@ﬁF%&E@&ﬁéiays, etc. The deposit hardness
depends [0DD | yIl@ninvédiien Ofenerallp wélhiss & GheVimdibdd for U Sindie @ Scopd et @sdd fop t he

m xture. [.000 The, phenonenon of the depositjon or precipitation of solid
par af fi rf afg%‘hsﬁf?dt“ﬁ*t‘%’smatﬁmé‘?ﬁﬂ&i’ewolre? "efpefide RagRfim e BHilAuP bYRIR  whi ch

is expl ajanediay, (e idvestitn eflatthe Foinifd R @8atREnt AGIIUKIE Nrehdigfid gy nagdcs. At
hi gher pressures and tenperatures, the higher pol ecul ar wei ght

25
hydr oc arefemmcatly ta prodycsbsat insa gonteoled mynies and){pEpdyringetig tgatmgay Gud nto
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paraffin wax deposition mechani sm depends on pressure and tenpérature.
Generally, |ower pressures tend tBACKGRQIENDt he cl oud point tenperature. The

\f\;g“gago@rﬂgg Lfﬁg@é&g@ees%%”%ﬁ%%e 38 B FhailR Varfhul Beaddl loF sidls SHE Bl Ngt the
produced by drilling wells into the earth, either on land or under sea. Crude oil contains many
kinds of hydrocarbons, including paraffin wax.

15 [0003] Paraffin wax deposition is found practically whenever hydrocarbon (e.g., crude oil) is
produced and transported. Paraffin wax deposition obstructs the flow of oil, lowering oil
production and interfering with transportation.

[0004] Paraffin wax deposits are typically made up of linear, saturated hydrocarbon chains
(typically Cjs to Cg) admixed to branched hydrocarbons, asphaltenes, water, and inorganic

20 compounds such as sand, rust, iron sulfide, clays, etc. The deposit hardness depends chiefly on
the oil amounts and mineral substances present in the mixture.

[0005] The phenomenon of the deposition or precipitation of solid paraffin wax constitutes
an example of fluid/solid phase equilibrium, which. is explained in the light of the principles of
solution thermodynamics. At higher pressures and temperatures, the higher molecular weight

25 hydrocarbon of paraffin wax is dissolved in lower molecular weight hydrocarbon, which
functions as a solvent for the paraffin.

[0006] The paraffin wax deposition mechanism depends on pressure and temperature.
Generally, lower pressures tend to increase the cloud point temperature. The cloud point

temperature range of several waxy crude oils is such that the wax can precipitate even on the

30 formation face as well as within the formation throughout the pressure reduction phenomenon



30 formation face as well as within the formation throughout the pressure
reducti on phenonenon WO 2008/ 032067 PCT/ GB2007/ 003467 2 which normally
occurs during the useful |life of the well. The lowering in production rate

can be w opghyysakioi buted to the reservoir depletion, times it
is due to the formation permeability reduction and/or \t,@T{(ﬁ%mWé%ﬂ"éfl on of

the diameter of the production string. [0007] Hydrocarbon chai ns of
different lengths are present in varying percentages as well as 5 nelting
poi nts, becom ng insoluble at different pressure and tenperature conditions.
Generally, paraffin wax precipitation from hydrocarbon is gradual. [0008]
Paraffin wax is a dissol ved conponent of relatively hot crude oil. For
exanpl e, subterranean formations bearing hydrocarbon are usually under high

pr essur ewiBkinétnally SFHRAIAtiHE @ Jséral 1ifd bethd w@h e Thé arridg AFproédREds rald@nfber mati on
t enper at ures of deegdf ormations 10 are usually nuch higher than 120F (490 .
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and as the crude oil cools down. [0009] After the hydrocarbon flows froma
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must be zuardﬁsp@:pedipitﬁioafroaihmoy.rbpmmaqmabcessed and separ ated into various
conmponen . nmake S a f i The npst common
nmet hod OI?J%P Pﬁng%%ﬁﬁgn%axhyd? g%zsiorl cglncl &P Og%ﬁrogureﬁg§ ljﬁ)e I ﬁxéuge O?Ogﬁ)fxaﬁl% ’as
crude oi dubfetranmean t formeiiins t bearipg oblydeddacont mbuharaﬂyfmﬁm-t}hgh hyrdsfsmalaﬁ)d)r‘atbearl ng
20 formation thrqugh th | | . r e surface, .the undi. n

Cemper ar (eae R gt Gan 26 AEET B PFutbh oy ol SR owi ng
heat to gé aman;ahﬁcﬁ mgﬁarttm Rber doard Buapshffie ﬁaﬂ@endbyﬁﬁ@ﬁﬁfd@@ﬁ‘oﬁﬂcﬂide ofi0 begin

to cool. Further, as the crude oil is poved through cross-country.

pi pel i ne®, Wiy kil deperdts vhenthe pessyye evsl tepwegiER id owﬁreérﬂﬂ%hﬁ%rﬂ%arws(:om to

a terrperﬁrgallycgdmilgsthel}g‘h&v&ﬂlc%gfd%gq Thus, the hot crude oil froma
subterranean formation tends to be cooled as 25 it flows through these

condui t s[00B8] t hafiere thsehydregagbons lowe fomy desubidranegn| Hrmptigna bt relatwaly hight he
o . SRR 0kl oY b Bl Bl 10
t ubi ng5athel wrllpeteitnebe wWellheadc aRuber, the hydrocarbon produced at the wellhead must be
transported to a refinery to be processed and separated into various components, e.g., to make
various grades of fuels and oils. The most common method of transporting hydrocarbon is
through pipelines.
[0010] But as crude oil flows through the production tubulars from the hydrocarbon-bearing
20 formation through the wellbore toward the surface, the surrounding temperature of the wellbore
tends to decline toward the surface, allowing heat to dissipate from the fluid and causing the
hydrocarbon fluid to begin to cool. Further, as the crude oil is moved through cross-country
pipelines, it can loose heat energy to the ground or environment and cool to a temperature well
below 120°F (49°C). Thus, the hot crude oil from a subterranean formation tends to be cooled as
25 it flows through these conduits. As the temperature of the crude oil falls, paraffin wax in the
crude oil tends to become a solid, waxy material that falls out of the crude oil and paraffin
deposits accumulate on the inner walls of the production tubing and pipelines. This can be
particularly problematic in subsea pipelines because the surrounding water on the seafloor is
very cold, typically about 39°F (4°C).



particularly problematic in subsea pipelines because the surroundi ng water
on the seafloor is very cold, typically about 39F (4C). WO 2008/ 032067

PCT/ GB2007/ 003467 3 [0011] To help prevent paraffin deposits, sone

Cross- county ¥ -RisRghd nes are heated, which is very costly. However, this is
not feasible for aubsea pi pel i nes, which are in direct /GBI ROBHT t he
surroundi ng cold seawater. [0012] As the paraffin wax deposits build up on
the inside wall of a conduit, the opening for 5 fluid flow through the

pi pel i ne beconmes snaller and smaller. Unless at | east some of the buil dup
is renoved fromtine to tinme, eventually the deposits can increase to the
point where the conduit becones chokeg. Al so, sonetinmes sone of the
paraffin deposits will release fromthe inside wall of a pipeline and cause
a bl ockaggq1fSuch, aep:p%&ﬁqaﬁrm{ld%ﬁw sc@ﬁ%eésg%rc%uﬁ@ BiP&ingé a%lue&sd whidl 33
paraffin dep05|t| on leads to reduced crude oil fl'ow and under extreme

condi t i oYesy P@dﬂs Howeverothisdsrpotcfeasitye & lsahyen pipelings vhiighedte iredirecticontdct withr at ed
in Figurg %lol@?éﬁ%f% of the paraffin wax deposits is attenpted

t hr ough t ree mal roac mechani cal, thermal, and chemical. Oten, a
conbi nat j0dA2bf Amlhe@maﬁ‘urwamdcpbﬁeﬂmﬂdypestlnfinsi@pipnib@fcarwsdﬁis tlergpeniyethr [ 0014]
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wel | bor In t chani cal net hods araffin deposit cal ]
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in the r@amuﬁi pipelinet Pdtcaksde mb@dagagmhraamancﬁ%awl%a&l dn§whére idihs pasenie 1 n
sol uti on and can flow through the conduit 0015] The main mschanl cal

appr oac hTidparpidinsiepesitios leadsam refupsdpanderd] flowi andigndsg exrmeoepndiiony lomls Bar af fin

bui | dyp, cdnﬁalét@blBH@g@oﬁﬁ@f?@éﬁ&@'as@ﬁl‘éﬁr@té‘di&l@‘i@&'&f' the pipeline that scrapes the
i nner wal he pi i)e i né and pushes the paraffin through. This type of

mechani c[i)lo'l @] eahm@fa aktieraratlin wak (deppsits ispittgimplsd dlraugh thive wainappmerhes: t he
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nor mal | rirven throug plpellne relatively hi pressure
behi nd tmrqaplgp,sm/dmpddryeds used to force the pig through the pi peI ine. But if

25 par af ui i n wal | s .of t. heavy, .as.the pig
moves. ol U#E"] P PRt waRRttes "R afreszrany B R4l SupETig nbinkg ol p
that 5 dnaaikssasthyy fndgbinedllynmesitabled fophsetih@ subterranean formation or at the interface

between a formation and a wellbore. In the mechanical methods, paraffin deposits are physically

" removed from the wall surface. Chemical surface agents and solvents c¢an aid in the removal so
that the dislodged paraffin deposits are dispersed in solution and can flow through the conduit.
[0015] The main mechanical approach for helping to clean a pipeline, including for

20 removing paraffin buildup, is to run a mechanical device through the pipeline that scrapes the
inner wall of the pipeline and pushes the paraffin through. This type of mechanical cleaning
device is called a “pig” because the scraping of the inner wall of the pipeline makes a
tremendous squealing noise. The pig is normally driven through the pipeline by a relatively high
pumping pressure behind the pig, which is used to force the pig through the pipeline. But if

25 paraffin buildup on the inner walls of the pipeline is heavy, as the pig moves forward it will
collect so much paraffin in front of the moving pip that it blocks any further movement of the
pig. In other words, as more and more paraffin is scraped off the inner walls of the pipeline and
accumulates in front of the moving pig, at some point the pumping pressure in the pipeline is not
enough to push the pig and all the accumulated paraffin further through the pipeline, at which

30 point the pipeline is plugged.



pig, In other words, as nore and nore paraffin is scraped off the inner
wal |l s of the pipeline and accurulates in front of the noving pig, at sone
poi nt the punping pressure in the pipeline is not enough to push the pig
and all th ed paraffin further through the pipeline, at which 30
poi nt the S‘.”S%?‘f*??g*"?i pl ugged. WD 2008/ 032067 PCT/ @2007‘7%%?7’""&46[’0016]
The nost conmon thernmal nethod for renoving paraffin deposits in production
t ubul ars enpl oys heated oil, so the technique is commonly referred to as
"hot oiling." The heated oil is usually punped through the annul us between
the well bore and a production tubular, and then back to the surface through
the production tubular in order to rempve the paraffin wax 5 deposits in the
production tubular. This type of approach can be safely used only for

product i j0016} UbTHeamSst @imuicl lefrhd) M&Xodl &R GEbeng e Beposky hbprotuction
perforations to a hryhgr ocarbon-bearing formation. Qtherw se, the heated
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Techni ques using heated oil can also be used in pipelines to help renove
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formation, and thereafter, w thdraw ng the sol vent and di ssofved paraffin.
[0019] CFlyanibe pawsffinevies deropits o tbelysraally disgersed by hob wates s dlowevesaheifatais and
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[ 0020] Nunerous attenpts e e to renedi at e "par atl wax bulldup in
15 undesirable oil/water emuls;on Another disadvantage to using hot water, however, is that it can

contribute to corrosion problems with the metal conduits.

[0018] In U.S. Patent No. 3,437,146 issued April 8, 1969 to Clifford R. Everhart and Audra

B. Cary, the abstract describes the disclosure as a method of removing paraffin deposits from a

producing well including injecting heated xylene bottoms solvent into the wellbore at a
20 temperature sufficiently high so that the solvent is at least 150°F (65°C) when it encounters the

producing formation, and thereafter, withdrawing the solvent and dissolved paraffin.

[0019]  Organic solvents like hot xylene are able to dissolve paraffins and asphaltenes, but

not the inorganic materials in the paraffin wax deposits,

[0020] NWumerous attempts have been made to remediate paraffin wax buildup in
25 hydrocarbon-bearing subterranean formations and in conduits for the production or transmission

of hydrocarbon.

[0021] In U.S. Patent No. 4,178,993 issued December 18, 1979 to Edwin A. Richardson and

Ronald F. Scheuerman, the abstract describes the disclosure as a method of initiating production

from a gas well which is kept from producing by the hydrostatic pressure of the liquid it

30 contains, by injecting an aqueous liquid that contains reactants which form nitrogen gas within



25 hydrocar bon-bearing subterranean formations and in conduits for the
production or transm ssion of hydrocarbon. [0021] In U S. Patent No.
4,178,993 i ssued Decenber 18, 1979 to Edwin A. Richardson and Ronald F
Scheuer man, whh: act describes the disclosure as a nethod of initiating
product i on w?rgﬁﬁgﬁggs wel | which is kept fron1producindKHVB?WQWWVﬁFOStatiC
pressure of the liquid it 30 contains, by injecting an aqueous |iquid that
contains reactants which formnitrogen gas wi thin W 2008/ 032067

PCT/ GB2007/ 003467 5 the well or reservoir and displaces enough |iquid out
of the well to lower the hydrostatic. pressure to less than the fluid
pressure in the adjacent portion of thg reservoir and cause fluid to flow
from the reservoir to the well. Further, this patent discloses that the

ni t r ogenthgasli boresdrngr AiddisplateCenbugHIRuAT oA EHBOWS] SPlovet B8 hodroRHABREsH:
chloride and sodiumnitrite; or an aqueous_ solution of urea. 5 and sodi um
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Ronal d F. Scheuerman; and David C. Berkshire, the abstract describes the
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containing reservoir is concurrently chemically heated and selectively increased in its effective

permeability to oil by injecting a solution of compounds containing ammonium ions and nitrite
ions, which react exothermically to generate gaseous nitrogen, and a reaction-rate-controlling
20 buffer. The reactant concentration and the rate at which the solution is injected are arranged to
provide a selected temperature increase within a selected portion of the reservoir.
[0024] In U.S. Patent No. 4,399,868 issued August 23, 1983 to Edwin A. Richardson and
Walter B. Fair, Jr. the abstract describes the disclosure as fluid passageways between a well
borehole and a subterranean reservoir which are both plugged and submerged within relatively
25 dense brine that can be contacted with heat and oil solvent by arranging a nitrogen gas
generating aqueous solution to be both reactive at the reservoir temperature and denser than the
brine in the borehole and flowing alternating slugs of it and a liquid oil solvent into the zone to
be treated. Further, this patent discloses that tﬁe solid materials that plug such fluid passageways
are usually heat-sensitive and oil-solvent-soluble materials, such as paraffinic and/or asphaltenic

30 solids. The fluid contains enough total dissolved solids to provide a solution density exceeding



Walter B. Fair, Jr. the abstract describes the disclosure as fluid

passageways between a well borehole and a subterranean reservoir which are
bot h plugged and subnerged within relatively 25 dense brine that can be

contacted wj ?ﬂmﬁnd oil solvent by arranging a nitroge gg eneratlng
aqueous solutlon 0 be both reactive at the reservoir t é? ﬁ%@‘ﬁﬁd denser

than the brine in the borehole and flowing alternating slugs of it and a
liquid oil solvent into the zone to be treated. Further, this patent

di scl oses that the solid materials that plug such fluid passageways ‘are
usual Iy heat-sensitive and oil-solvent-soluble materials, such as paraffinic
and/ or asphaltenic 30 solids. The fluigl contains enough total dissolved
solids to provide a solution density exceeding WO 2008/ 032067
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sufficient amount of a buffered pH adjuster to produce a buffered pH value for the aqueous
solution to abate the time of the reaction rate of the nitrogen-generating components to a level
permitting introduction of the components into the isolated length prior to completion of any
20 significant portion of the reaction required to effect temperature melting of the paraffin deposits.
In a preferred form, a crystalline modifier may be incorporated inte the hydrocarbon solution.
After treatment, the solutions containing the dissolved paraffin are removed from the isolated
conduit section. Further, the patent discloses that wherein the nitrogen-generating components
comprise sodium nitrite in a concentration ranging from between about 3 fo about 10 molar; and
25 ammonium nitrate in a mole concentration approximately equal to that selected for the sodium
nitrite,
[0027] A paper by J. P. Ashton et al., entitled “In Situ Heat System Stimulates Paraffinic
Crude Producers in Gulf of Mexico,” in SPE Production Engineering, May 1989, p. 157-160,
describes the thermal stimulation of wells in order to remove the paraffinic damage through the

30 heat generation caused by an exothermic chemical reaction, in aqueous phase, the temperature of



In a preferred form a crystalline nodifier may be incorporated into the
hydr ocarbon solution. After treatnent, the solutions containing the
di ssol ved paraffin are renoved fromthe isolated conduit section. Further,

the patent ghSglspsfs,;that wherein the nitrogen-generatin onent's
conprise sodiumnitrite in a concentration ranging from'%é'i’@\@ﬁ"’%’%ﬂﬁt 3to

about 10 nol ar; and 25 ammoniumnitrate in a nole concentration

approxi mately equal to that selected for the sodium nitrite. [0027] A paper
by J. P. Ashton et al., entitled "In Situ Heat System Stinul ates Paraffinic
Crude Producers in Gulf of Mexico," in SPE Production Engi neering, My 1989,
p. 157-160, describes the thermal stipulation of wells in order to renove

t he paraffinic danage through the 30 heat generation caused by an exothermc
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descr il hesdichen i hetcopumtreadst the mnrcsemon based on the N trogen Cenerating
Systent Bgibs] Ot st PledtNeS 8185, 58 15U Fobhiiay Y, Y565 & coflh K Kidnty RELY e T OF
Romeu; Andre Rabinovitz, the abstract describes the disclosure as a process, based on the
Nitrogen Generating System/Emulsion in the presence of organic solvents, which is useful for
the dewaxing of producing formations. The heat generation with the nitrogen reaction system
20 and organic solvents gives rise to a thermo-chemical, synergistic system for long lasting removal
of paraffinic damage, oil production rates being restored and even increased. The patent more
particularly describes a process for the dewaxing of producing formations by means of a water-
in-oil nitrogen generating emulsion system, which comprises the steps of: (a) preparing an
aqueous solution of NH4Cl having a concentration of from 4.0 to 6.0M; (b) preparing an aqueous
25 solution of NaNO, having a concentration of from 5.0 to 9.0M; (c¢) preparing an organic solvent
mixture to achieve the hot dissolution of the paraffinic damage; (d) adding an emulsifier to the
orgamic solvents mixture so that the concentration of emulsifier in the mixture comprises
between 0.5 to 2.0%; (e) adding acetic acid 96% to the NH4Cl solution; (f) adding 50% of the
emulsified organic solvents mixture of step (d) to the NH4Cl and 50% of the mixture to the
30 NaNO; solution obtaining thus a NH,Cl emulsion and a NaNO; emulsion respectively, both



t he dewaxi ng of producing formations. The heat generation with the nitrogen
reaction system 20 and organic solvents gives rise to a thereto-chem cal
synergistic systemfor long lasting renoval of paraffinic damage, oi
producti on ing restored and even increased. The patent nore
particularf@aégéggﬁggs a process for the dewaxi ng of prdgﬂﬁ$ﬁ@WW8WWﬁtions by
nmeans of a water- in-oil nitrogen generating emnmul sion system which
conprises the steps of: (a) preparing an aqueous solution of NHAClL having a
concentration of from4.0 to 6.0OM (b) preparing an aqueous 25 sol ution of
NaNO2 having a concentration of from5.0 to 9.0OM (c) preparing an organic
solvent mxture to achieve the hot digsolution of the paraffinic danage;

(d) adding an emulsifier to the organic solvents mxture so that the
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enmul si on cont ai_ns, i nor ic reactants which generate .nitrogen and
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heat, which fluidize the paraffin deposit which is later driven off by cleaning beds. The amount
of removed paraffin is known by assessing the final internal effective volume.
[0031] In a Ph.D. dissertation entitled Fused Chemical Reactions to Remediate Paraffin
20 Plugging in Sub-Sea Pipelines by Duc Anh Nguyen, having for Advisor H. Scott Fogler,
published in August 2004 by the University of Michigan, ISBN 0-496-69361-2, an abstract
describes the work as a timed release scheme of the citric acid-catalyst was used to fuse the
highly exothermic reaction between ammonium chloride and sodium nitrite in a fused chemical
reaction (FCR) system. The timed release was obtained by encapsulating the acid-catalyst in
25 gelatin capsules then coating the capsules with a water-soluble polymer. The highly exothermic
FCR system is demonstrated to be a feasible solution for the billion-dollar problem of paraffin
deposition during crude oil production and transportation operations in sub-sea pipelines.
Studies of the exothermic reaction in an isothermal reactor showed that hydrogen ions catalyze
the reaction by changing the concentration of the reacting species, not by changing the reaction

30 pathways. The rate-limiting step involves the Sn2 reaction between aqueous molecular ammonia



heat, which fluidize the paraffin deposit which is later driven off by

cl eani ng beds. The anobunt of renoved paraffin is known by assessing the
final internal effective volume. [0031] In a Ph.D. dissertation entitled
Fused Chemwalwfgaasks ons to Renedi ate Paraffin 20 Pl uggj ' ub- Sea

Pi pelines by Due Anh Nguyen, having for Advisor H Scot ?%@W%ﬁabl i shed
i n August 2004 by the University of M chigan, |SBN 0-496-69361-2, an
abstract describes the work as a tinmed rel ease schene of the citric
acid-catal yst was used to fuse the highly exotherm c reaction between
ammoni um chl oride and sodiumnitrite in a fused chem cal reaction (FCR)
system The tined rel ease was obtai ned@ by encapsul ating the acid-catalyst in
25 gel atin capsul es then coating the capsules with a water-sol uble pol yner.
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both batch and flow conditions was achi eved. Batch experinents showed that
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and can ey gel,asiachsas ARDxBRied O Y R TSRS bigRAL S dermonstrated that
the FCR system could be controlled to provide a substantial anmount of

ef fecti Vi80B2ht InnUSi PetentTNp.s6,PHef2 iamed riieptember 6, 2005 to Benton F. Baugh, the

abstract describes the disclosure as a method of taking a remotely operated vehicle to the ocean

floor to land on and move along a subsea pipeline above or below the seafloor and repeatedly
20 circulate seawater which has been heated electrically, mechanically, or chemically across the
outer surface of the pipeline to melt hydrates or paraffins which have formed on the inside of the
pipeline.
[0033] In European Application No. EP98300454 published January 4, 2006 having for
named inventors Celso Rodrigo De Souza and Carlos Nagib Khalil, filed January 22, 1998 and
25 entitled “Improved Method for the Thermo-Chemical Dewaxing of Large Dimension Lines, the
independent claim is for a method for the thermo-chemical dewaxing of a hydrocarbon
transmission conduit containing paraffin deposit, said method comprising the steps of: [sic] (b)
maintaining said emulsion in said conduit under conditions sufficient to fluidize the paraffin
deposit and to generate nitrogen gas and heat from the reaction of said oxidizing nitrogen salt

30 and said reducing nitrogem salt; and (c)removing the fluidized paraffin deposit from said



15 of effective heat is sufficient to soften and nelt the wax deposit. The
nodel for the FCR system in flow conditions was al so extended to apply in a
typi cal sub-sea pipeline. [0032] In U S Patent No. 6,939,082 issued

Sept enber Benton F. Baugh, the abstract describes the disclosure
as a nethogwggg?§%%§6 a remotely operated vehicle to thé‘g@%ﬁﬂ“”@%ﬁ6r to

| and on and nove al ong a subsea pipeline above or bel ow the seafl oor and
repeatedly 20 circul ate seawat er whi ch has been heated electrically,
mechani cal ly, or chem cally across the outer surface of the pipeline to
melt hydrates or paraffins which have formed on the inside of the pipeline.
[0033] In European Application No. EP98300454 published January 4, 2006
having for nanmed inventors Cel so Rodrigo De Souza and Carlos Nagi b Khalil,

filed Japuadiy whereinkBO&1BRd actn abiVaidrli€4llindat] AL FHAGE cdfl OBy dHaE sé1iilized in

Ther no- Chen cal Dewaxi ng of Large D nension Lines, the independent clai mis
for a metBfbH oFgdpicsplEeRther no- cheni cal dewaxi ng of a hydrocarbon transni ssion
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action activator is a line |} [ ride solubilized in. a
pol ar organi c sol vent. [00§ e%ﬁ%ﬁ@BMese published efforts to
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at least s Iclent concentrations I1n the carrier generate a
t heor &f i readtanh erglt the $econd reactant is suspended in the carrier fluid in a solid form that is adapted to

help control the release of the reactant into the carrier fluid. The method further comprises the
step of: introducing the treatment fluid into a section of conduit used for the production or
transmission of hydrocarbon.
[0036] According to another aspect of the invention, a method is provided for increasing the
20 temperature of a section of conduit used for the production or transmission of hydrocarbon, the
method comprising the steps of: forming a treatment fluid comprising: (i) a carrier fluid; (ii) a
first reactant and a second reactant, wherein the first reactant and second reactant are selected for
being capable of reacting together in an exothermic chemical reaction; the first and second
reactant are in at least sufficient concentrations in the carrier fiuid to generate a theoretical heat
25 of reaction of at least 1,000 kJ/liter of the treatment fluid; and (iii) a catalyst for the reaction
between the first reactant and the second reactant, wherein at least some of the catalyst is
suspended in the carrier fluid in a solid form that is adapted to help control the release of the
catalyst into the carrier fluid. The method further comprises the step of: introducing the

treatment fluid into a section of conduit used for the production or transmission of hydrocarbon.



reaction of at least 1,000 kJ/liter of the treatnent fluid. At |east sone of
at least one of the first 15 reactant and the second reactant is suspended
inthe carrier fluid in a solid formthat is adapted to help control the
rel ease of W@gmﬁ% ant into the carrier fluid. The nmethod further conprises
the step of: introducing the treatnent fluid into a sectGi6FBPWetfdui t used
for the production or transm ssion of hydrocarbon. [0036] According to

anot her aspect of the invention, a nmethod is provided for increasing the 20
tenperature of a section of conduit used for the production or transm ssion
of hydrocarbon, the nethod conprising the steps of: form ng a treatnent
fluid conprising: (i) a carrier fluidyq(ii) a first reactant and a second
reactant, wherein the first reactant and second reactant are selected for
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insufficient to substantially hydrate the polymeric material but is sufficient to make the

polymeric material sticky to help bind the catalyst into a matrix; and (b) drying the mixture. The
method preferably further comprises the step of: forming the mixture into pellets.

20 [0040] According to yet another method of making a solid material for controlling the
release of a at ‘least one reactant for an exothermic reaction into a carrier fluid, the method
comprising the steps of: (a) mixing a reactant with a binding material; and (b) forming the
mixture into pellets. A similar method can be used for helping to control the release of a catalyst
for an exothermic reaction into a carrier fluid.

25 [0041]  As used herein, a solid means and refers to a form of material that is at least initially
not dissolved in a fluid. The solid is preferably in the form particulate or small pellets that can
be dispersed and suspended in a carrier fluid. The solid can be encapsulated in a solid form.
The carrier fluid can have a viscosifier to help suspend the solid form of the reactant or

containing the reactant.



[ 0039] According to yet another aspect of the invention, a nethod is
provided for controlling the release of a catalyst of an exothermc
reaction into a carrier fluid, the nethod conprising the 15 steps of. (a)
m xi ng the wahalsksiePf an exothermic reaction with a pol ynmeric materi al
wherein the polymeric material is capable of being hydr EdEBRRWR er |
wherein the proportion of water is insufficient to substantially hydrate
the polyneric material but is sufficient to make the polyneric materi al
sticky to help bind the catalyst into a matrix; and (b) drying the m xture.
The method preferably further conprises the step of: formng the m xture
into pellets. 20 [0040] According to yet another nethod of making a solid
material for controlling the release of a at |east one reactant for an

exot her rog42jeactteQsdlil Toren 8f & ¥édctalt of domplising uereAddn Qen bEOﬁBlékﬁ:hIﬂg 4 pge St eps
of: (a) mxing a reactant wth a binding material; and form@%éthe

m xt ur e SPHEgmpistated formoistherqagiantyp solidnatin offgatgdd yithope FFéFtﬁPtrf‘@le dht r ol

the rel aasmapix, 3 s61d %&c‘éﬁs‘.ﬂaﬂ%@%f ﬁthﬁ?&%f%ﬁlﬁﬁln%tehﬁa&ﬁlh% feftfhe b, dr @y f | Ui d.
25 [0041] As used herein, a solid nmeans and refers to a form of naterlal

that is cgmbingter injany proapitign ohwty qaF & B therforsggingi Ghe sphid ferat i @dapted to
pref eral, d trbife inRlalteRALd c%fﬁflxﬁ %&,fen Ssgﬁlhgn Bﬁl/ér%ﬂegra{ehﬁtml Qof t@@régkéﬂ) ersed

and suspend In a carrier can be encaps In"a solid
form Thie sebmrnil eThif helpg canduol tha\netl@tlm aadlostbeirae 0f mamndnegwpémead’h@tSM id

pCT GB2db PO G YDl SAFO kB et GRRREAN b 1ol e RRBL In e g &
react antdetaaad Bescrifton ﬁmm?rmmtaeﬂuerel dﬁ‘fl‘cntfbﬁgm?kds sf akhteghek (méegpérgﬁ:i?]dﬁﬁjtr e
e vt g RS he e o s Sl WhiGH e AP Hac R L e e e Phge

react atreddfemiscih B cardier MY andhEBéHRRkioA B thehel¥f ARl t i on of any one or nore
of the f[gb%%om The sol tg formis adapted % 5 help contrql the initial
rel ease SHBREC' ot tBe LEPHHoRSAR BnPrRgiced dependentlyror togethss o TS, HRe

reagent tediilResOnUile R8d wlfths 06 RShGRAM Iresunoh had tHé&bﬁ&th%H‘ﬂn@@élé&E of g1 ate of

reacti on between the reactants, respectivel y whi ch ps control when the
heat of meW¥EVYHMe rel eased. As described in the detailed description of

the i “Vg[tﬁblltg”’ E%Va‘?srogdf Sﬁé fhsE e ARSI G {ogﬁ@l'ﬁ'v&i{r%ﬁ 13 lidia y%@‘ﬁht&;ﬁgnf or

havi ng ast one e reactants in a solid form are adapted to
controf affte axmsbismgc ofactidpeanditberetadelayrtbsinitiation efaeleaserof htag mmbrah dlbisyan be

gener at 1,00, o6, LABNCRLARl ARG BNk 04T T BSSERIPRERLPiok DFa LaNERT O

can be pradtlce ndepen oge
that may have paraffin deposits.

[0045] These and other objects, advantages, and aspects of the invention will be apparent to

a person of skill in the art upon reading the detailed description of preferred embodiments and
20 consideration of the drawing.

BRIEF DESCRIPTION OF THE DRAWING

[0046] The accompanying drawings are incorporated into and form a part of the specification

to illustrate several examples of the present inventions. These drawings together with the

description serve to explain the principles of the inventions. The drawings are only for
25 illustrating preferred and altemative examples of how the inventions can be made and used and

are not to be construed as limiting the inventions to the illustrated and described examples. The

various advantages and features of the present inventions will be apparent from a consideration

of the drawings in which:

[0047]  Figure 1 is a simplified schematic of an offshore platform for oil production having a
30 pipeline to the shore that is partially blocked by paraffin wax deposits;



techni ques can be used to stage the exotherm c reaction, and thereby stage
the rel ease of heat energy over tine. [0044] It is also possible to use the
nmet hods according to the invention to delay the initiation 15 of the

exot herm ¢ @gqg‘}ﬁ;og@m and thereby delay the initiation of rel ease of heat
energy. This ¢ used, for exanple, to allow tine fACHGEERITWAGHENL
fluid to reach a desired portion of a conduit that may have paraffin
deposits. [0045] These and ot her objects, advantages, and aspects of the
invention will be apparent to a person of skill in the art upon reading the
detail ed description of preferred enbodi nents and 20 consideration of the
drawi ng. BRI EF DESCRI PTI ON OF THE DRAWLNG [ 0046] The acconpanyi ng draw ngs
are incorporated into and forma part 0f the specification to illustrate

several @M’éjp' e}ﬁ i*l? pg&ﬁﬁ?ﬂ ﬂe%‘é?e’ﬁah Tg-?affeooﬂﬁc?reag tt\ﬁ%&{rhael{ pith the

descri ption Serve rinciples of the rnventl ons raW| ngs
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advant agetsclasd bk @addudgshepin 4 dueriq Iﬂ&’ﬁﬁﬂfstagd’lﬂwfﬂlda@é’l@fdﬂe|oi' mdee rammse nt froma
consi derﬁbi Q]n of the dra ngs .in_which; [0047] Figure 1 is cil lified
schenat i BOHY] arFiggnesis e grap élﬂcf"BP%ﬁhF GPutEst in Bt RenerAtionthatLon hga 13V8‘@)Wb?r5el i ne

to the shouid Wt ohSofBé }da@t%ﬁty ih SGHeRrR ¥s Pah@folhg Waxod %ﬁ%& &&b colfebls
2008/ 032067 PCT/ GB2007/003467 13 [0048] Figure 2 is a_graphical

r epr eserthtdlesse of nifite igns oerutire fasgeackon w1thﬁmwnuam igne alrgashyediggplved pWeri cal |

ot her shapg@d,. or an irregul ar-shaped pellet, and a guar-bound reagent that

al so has a pol yvinyl al cohol coating which di ssolves in water at about

120- 1509P050]0- %Qﬂ)e 4 isnhnithshretical gravhushedingobe ttierted nna@emsarin teppefahue CHo st age

(1 ¢ sherae ek 6B U TOh5d SRSl R oA SR BRTR AP TS,
of the reatheatit s,mrrmaxms cliloriidef andrnoalsmugimreahmnn ovhdleNCRrstrHie hav;ﬂgmabmgle ntrols
the release of nitrit over ti for reaction with angoniumi
Al r eady GRBapdt p R T Bof orSTT FeUSOEe R JUReHieg 1 MEGHERF AR gr aph
showi ng gheb&mBeedcRelt, i aNGbaRSEashdd [RMRRIEtUEi8s1¢ mperature peak at about 3 hours
represents the subsequent temperature triggered release of a guar-bound reactant that is coated
15 with polyvinyl alcohol (“PVA”), and a third line having two temperature peaks at about 1 hour
and about 3 hours represents the overall temperature of the solution;
[0051] VFigure 5 is a graph showing a comparison of guar, xanthan, and carboxymethyl
cellulose (“CMC”) as binding materials for controlling the release of one of the reactants in a
solid form as a guar-bound, xanthan-bound, or CMC-bound NaNO; matrix that controls the
20 release of nitrite ions over time for reaction with ammonium ions already dissolved in the
solution,
[0052] Figure 6 is a graph showing the confrol in heat generation that can be achieved with
one of the reactants in the form of solid, undissolved struvite with a chelating agent to help
slowly dissolve the struvite and thereby release ammonium ions for reaction with NaNO; already
25 dissolved in the solution;
[0053] Figure 7 is a graph showing the control in heat generation that can be achieved where
ammonium chloride is first impregnated on diatomaceous earth and subsequently coated with a
resin-based slow release agent that controls the release of ammonium ions over time for reaction

with nitrite ions already dissolved in the solution; and



10 over time (hours) for a staged release of solid sodiumnitrite into an
aqueous solution for the exotherm c amonium chloride and sodiumnitrite
reaction, where a first line having a single tenperature peak at about 1
hour repre t jncrease in tenperature due to the rel ease of the
guar-boundsﬁgég?ggﬁfia second dashed |ine having a simyQ?W%ﬁﬁgy%?ﬁ?e peak
at about 3 hours represents the subsequent tenperature triggered rel ease of
a guar-bound reactant that is coated 15 with pol yvinyl al cohol ("PVA"), and
a third line having two tenperature peaks at about 1 hour and about 3 hours
represents the overall tenperature of the solution; [0051] Figure 5is a
graph showi ng a conparison of guar, xgpthan, and carboxynethyl cellulose
("CMC'") as binding materials for controlling the rel ease of one of the

react ant[gosd) a Figdbigis hQraphaT adiclya ediiflc rerRRdd1RBcdIO WhkheinOin Sefelaneind

NaNC2 matri X that controls the 20 rel ease of nitrite ions over tine for
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Figure %h&oﬁmeﬂﬁ@@&n&b@é@. ng the control in heat generation that can be
achieved with one of the reactants in the formof solid, undissolved

struvite with a PREAZLERPEMRIPTHONQF PREFERRED EMBODIMENES st ruvite and
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and WD 2008/ 032067 .PCT/ GB2007/ 003467 14 [0054] Figure 8 is a graph of a
del ayed RBEGPHerTREVIOwhdiiyssed putasdlusiipisd B Higwis lexot hernic reaction is

del ay gl [0856) © tWaxP a8k NSwiielBhgdGLANE hidterk QB SEmAG &M@lraﬁ@)bgﬁhtmeoawpsequent
reaction is not otherwi se controlled. . DETAI LED DESCRI PTI OF PREFERRED

EMBODI MVEKSTERSsolid @b Bonieapeigheh andgengiaBy siuler froponmogition o &is agdopilscseqpiol | i ng

an exot hefiw ¢ SR b YckflaR. § biEe bitd, oMChre GRfArD
facilitate t h% I s{slol%g}{ci lg%e%andc{ngﬁaean p %@p%ﬁ é’pﬁsn \?vax rb“gfl fégg%%d% af:l%ndui ts
used f oraldvhdlsodaehane cassediantong theolipidy. aWardsswé thermophastic, gt ainfé thedersomitt i on
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15 repellency, smooth texture, low toxicity, freedom from objectionable odor and color. They are

combustible and have good dielectric properties; soluble in most organic solvents; insoluble in
water. A major type of wax is paraffin wax. Hawley’s Condensed Chemical Dictionary, 14®
Edition, Ed. Richard J. Lewis, 2001, p. 1174.
[0057]  “Paraffin,” in a broad sense, is also known as alkane, a class of aliphatic
20 hydrocarbons characterized by a straight or branched carbon chain; generic formula CyHjp4g.
Their physical form varies with increasing molecular weight from gases (methane) to waxy
solids. In a narrower sense, “paraffin” refers to paraffin wax. Hawley’s Condensed Chemical
Dictionary, 14™ Edition, Ed. Richard J. Lewis, 2001, p. 835.
[6058] “Paraffin wax” has the properties of being a white, transhucent solid; tasteless;
25 odorless; combustible; consisting of a mixture of solid hydrocarbons of high molecular weight,
e.g., CyHv4. Paraffin wax has density of 0.880-0.915, melting point 116-149°F (47-65°C), flash
point 390°F (198°C), auto-ignition temperature 473°F (245°C). Paraffin wax is soluble in
benzene, ligroin, warm alcohol, chloroform, turpentine, carbon disulfide, and olive oil; insoluble
in water and acids. Hawley’s Condensed Chemical Dictionary, 14% Edition, Ed. Richard J.
30 Lewis, 2001, p. 835,



pi pelines, as previously discussed and as illustrated in Figure 1. 10 [0056]
"Wax" is a lownelting organic m xture or conpound of relatively high

nmol ecul ar meight solid at roomtenperature and generally simlar in
conposi tion,4q,f gﬁ,ﬂnd oils except that it contains no cerides. Sone
are hydrocar bons; thers are esters of fatty acids and F P700345hey are
cl assed anobng the | i pi ds. Waxes are thernoplastic, but since they are not
hi gh pol yners, are not considered in the famly of plastics. Common
properties are water 15 repellency, snooth texture, low toxicity, freedom
from obj ectionabl e odor and color. They are conbustible and have good
dielectric properties; soluble in nostgorganic solvents; insoluble in
water. A major type of wax is paraffin wax. Hawl ey's Condensed Chenical
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"Paraffin," in a broad sense, iIs known as al kane, a class of a phatlc
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mol ecul ar wel ght ron1gases o waxy n a’ narrower sense,
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wei ght, %yg. qi# 74. Par af x has density of 0.880-0.915, nelting
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used herein, the solubility of a su stance is ITs concentration’in a
sat ur at de resesantt Forhermorsy S8 tmeeuigrstood that St tsi there wso pf thederm ‘tihystih and g/ 100

mL of I t ti
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[0083]  Preferably, the process will: (a) be delayed in starting to produce heat until after a
sufficient time to deliver the treatment fluid to a section of a conduit to be treated, which may
have paraffin buildup or be substantially blocked by paraffin; and (b) heat the section of conduit
for at least about 2 hours and preferably for about 3-5 hours, thereby having enough time to
20 impart the heat to the paraffin and cause it to at least soften, and preferably melt.
[0064] According to the presently most preferred embodiment of the invention, the preferred
exothermic reaction is an acid catalyzed reaction between ammonium chloride and sodium

nitrite, as shown in the following reaction (Equation 1):

25 H
NH4Cl(aq) + NaNOs({aq) --—---------> 2H;0 + NaCl(aq) + Na(g) (Eq. 1)

[0065] The theoretical heat of reaction for the reaction shown in Equation 1 is -334.47

30 kJ/mol. It is expected that preferred concentrations would be 5 - 8 Molar in water of each of the



meani ng that does not exclude additional elenents or steps. [0061] As used
herein, ternms such as "first" and "second" are arbitrarily assigned and are

nerely intended to differentiate between two or nore reactants. is to be
under st 0od \{,§34usfoipey 10 Words "first” and "second” serve no ot herﬁgur pose
and are not part of the name or description of the reactPAH{CBEAHUMS? nore, it

is to be understood that that the nere use of the term"first" and "second"
does not require that there be any "third" or further reactant, although
that possibility is contenplated under the scope of the present invention.
[ 0062] The net hods according to the present invention will be described by
referring to and 15 show ng vari ous qéarrpl es of how the invention can be
made and used. [0063] Preferably, the process will: (a) be delayed in
startin f t@
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Exot het mcd Es e iEh BEmRELRR BRI AFow U BEBHDN Deistele HARORFETE or i de
and sodldifﬁcumtddonﬁra as shown in the follow ng reacti on (Equation 1): 25 H
NH4Cl(aq), .+..NaN>R(aq) ------------ > 2H20 + Na + N2( Eg. 1) [0065]
The t he&i’gﬁlcalIt H%ggheﬂFd et the grdorisy of e P@é@?tﬁmqf)gm?h "E’g PG s
-334. 47 nRPidk dhdBMiund Aitrlts isCR 6 1R deak i bW @b IR BHitE ANCAMLERH Go1s, Ward d be 5
- 8 Molar in water of each of the WD 2008/ 032067 PCT/ GB2007/ 003467 i6
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t heoretical heat energy that can be generated can be ul at eg ol | ows:
(- 335 kJksptdAnts) X (Snoles/liter) -1670 kJ/liter. The tenperature in these
conditi r.at. to go
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15 noted that the control of the mixing of the reactants is not expected to substantially affect the

total amount of heat that is generated. There are several examples of different types of solid

materials that can be employed.

[0068] According to one embodiment of the invention, at least one of the reactants can be

embedded in a solid matrix comprising a material that helps delay the release of the reactant.
20 The slow release of a reactant can provide a controlled reaction for heat generation.

[0069]  According to another embodiment of the invention, at least one of the reactants can

be encapsulated with an encapsulating material to form a solid capsule for the reactant. Again,

the slow release of a reactant can provide a controlled reaction for heat generation

[0070] According to still another embodiment of the invention, embedding at least one of the
25 reactants in a solid matrix can be further combined with encapsulation of at least some of the

reactant that is embedded in a solid matrix to provide additional control over the exothermic

reaction. According to this embodiment, Figare 2 is a graphical representation of a guar-bound

reactant, which can be generally spherical, other shaped, or an irregular-shaped pellet, and a

similar guar-bound material that also has a polyvinyl alcohol coating which dissolves in water at



chloride and sodiumnitrite is due to the reaction between the nitrite and
ammoni umions. Thus, it is believed that other ammonium salts and ot her
nitrite salts would be useful for an exotherm c 10 reacti on. Ammoni um

chl ori de aqf%g@%ﬁ%pi trite, however, are the presently nobst ﬁref erred
react ants. ccording to one aspect of the present’CTAEN8H7 t he
objective is to have at |least one of the reactants in a solid formto help
control this exothermc reaction so that the heat of reaction energy is
rel eased over a period of tinme instead of as an energy spike. It should be
15 noted that the control of the mxing of the reactants is not expected to
substantially affect the total amouny;of heat that is generated. There are
several exanples of different types of solid materials that can be

enpl oy eQbod: 496:350°RGEREHT) Jwhich 00ELAERD HgBBEin Afcabld LA RlakOthe r@ibast 8RSt ONe
of the reactants can be enbedded in a solid matrix conprising a materi al

t hat hel9p8oHEPgycactdtsy el ease of the reactant. 20 The sl ow rel ease of a
react an provi Cfir- r &pﬁg j f i ]
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enbodi nent, Figure 2 . is a graphical representation guar - boun
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i rregyl anbsHaBR dil ih @lvac@Bovan afdbBht RPC BaboR 90 REuE RS fbitdlialiPsddu@l B8O has a
pol yvi nyl al cohol coatin di ssaolves in water at WO 20087/ 032067
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PCTI GB200cisterg Fentent apd tgsftain thedingh prodyctg Ty sdditionfy aqiing 5 aghindgselie g@ddet her in
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wei ght cizeaf thesecnedlets canfBé Yayicdes dasired r Prefgraljlyathe palietpvars én sizeame abmwl td.% by
wei ght r ferably the substantially pure reactant is naturally in
a soli d%é&%oﬂégﬁésgdard tenperature and pressure, e.g., sodiumnitrite.
Quar 15 [8072]l yrfercodingabambthbr sdiafurtbanexbmpleadeatieg .to Treingeniont asohown in

Figure 2, some or all of the solid guar-bound reactant can optionally be coated or encapsulated

with a material to delay the release of at least some of a guar-bound reactant, which can be used
fo help stage or incrementally mix the reactants to control the release of the heat of reaction.
[0073] According to yet another example, pellets of a material comprising a solid reactant,
20 by itself or in a solid matrix, can be encapsulated to control the release of the reactant. For
example, the encapsulating material can be slowly dissolvable in one of the components of the
carrier fluid, or sensitive to a change in pH of an aqueous environment, or sensitive to an
increase in temperature.
[0074] As an example of a material that can be used for encapsulating a reactant that is
25 slowly dissolvable, chitosan can be used as a coating or encapsulating material. Chitosan
dissolves in acetic acid which is a catalyst for the reaction. The chitosan coated material can be
suspended in a viscosified acetic acid solution. The time taken by the chitosan to dissolve in an

acetic acid solution would achieve delay in initiating the reaction.



water is insufficient to substantially hydrate the guar powder, but is
sufficient to nake the polyneric material sticky to help bind the reactant
into a matrix. The materials can be m xed together into a solid matrix,

whi ch can t med into small pellets. These pellets are 10
subsequentl‘gég?@gé{()?i\ a vacuum oven at about 80C for abdift"4BROKHYFS7t o
substantially reduce the noisture content and to obtain the final product.
In addition to acting as a binder, the guar- bound dry matrix al so acts as a
vehicle for a slow release of the reactant salt into solution. The size of
t hese pellets can be varied as desired. Preferably, the pellets vary in size
fromabout 1 to about 10 nm across. % [0072] According to another and
further exanple according to the invention, as shown in Figure 2, sonme or
all of t{og7syol ik iiekai}diBfla RAGIaR Mat CANORLAORRhMpRBatm@a REcIRH: that is
encapsulated wth a material to delay the release of at | east sonme of a
guar - bousesitivede tanincreisi s Hempmatye, geaeplest ipolndd polytiayealenhol e bedregenaed y mi x
the reacf.allse L control the release of the heat of reaction. [0073]
According 'to yet another exanple, pellets of a material conprising a solid
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15 (°F) over time (hours) for a staged release of solid sodium nitrite into an aqueous solution for the

exothermic ammonium chloride and sodium nitrite reaction, where a first line represents the
increase in temperature due to the release of the guar-bound reactant, a second line represents the
subsequent temperature triggered release of a guar-bound reactant that is coated with polyvinyl
alcohol (“PVA”), and a third line represents the overall temperature of the solution.

20 [0079] [Figure 5 is a graph showing a comparison of guar, xanthan, and carboxymethyl
cellulose (“CMC”) as binding materials for controlling the release of one of the reactants in a
solid form as a guar-bound, xanthan-bound, or CMC-bound NaNO;, matrix that controls the
release of nitrite ions over time for reaction with ammonium ions already dissolved in the
solution. As shown in Figure 4, 5% by weight of the binder material was tested to control the

25 release of solid form NaNQ; into an aqueous solution of NH4Cl in the presence of acetic acid.
While each of these materials to some degree controlled the release of the solid form NaNQO, into
an aqueous solution, the guar appears to provide the slowest release of the three tested materials
with an incomplete release, i.e., residual lumps at the end of the test period. The xanthan as
binder material provided a more complete release of the solid form NaNO,; into an aqueous

30 solution for reaction with the dissolved NH4Cl in the presence of acetic acid. Finally, the CMC



a sanple with one of the reactants in a solid formas a guar-bound NaNO2
matrix that controls the release of nitrite ions over tine for reaction
with ammoniumions already dissolved in the solution. In Figure 3, a first
| i ne shows WwHeyshawage i n tenperature over tinme for an uncan roIIed 10 or
fast reaction of aqueous sol ution phase reactions of 5M* ##5M NaNO2
in the presence of acetic acid. A second |line shows the change |n
tenperature over tine for a controlled or slow reaction of an aqueous
solution of NHACI with guar-bound NaNO2 in the presence of acetic acid.
(0078] Figure 4 is a conceptual graph show ng an expected conbi ned
tenperature profile 15 (F) over timeqghours) for a staged rel ease of solid
sodiumnitrite into an aqueous solution for the exotherm c ammoni um
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third line represents the overal enperature of the solution. 20 [0079]
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i nto an aqueous so urposes o

generation. Flgure 6 isa graph showmg the control in heat generation that can be achieved with
one of the reactants in the form of solid, undissolved struvite and a chelating agent to slowly
dissolve the struvite and thereby release ammonium ions for reaction with NaNO, already
20 dissolved in the solution.
[0081]  According to yet another embodiment of the invention, the NH4Cl is bound into a
solid form. More particularly, in this embodiment the NH4Cl is impregnated on diatomaceous
earth and subsequently coated with a resin-based slow release agent. The particle size was 20-
40 mesh. Figure 7 is a graph showing the control in the release of ammonium ions over time for
25 reaction with nitrite ions already dissolved in a test solution in the presence of acetic acid, which
helps control the timing and rate of heat generation. In Figure 7, a first line plotted on the graph
shows the change in temperature over time for an uncontrolled or fast reaction of aqueous
solution phase reactions of 5M NH4Cl with SM NaNOQ, in the presence of acetic acid reaching a
maximum temperature of about 190°F. A second line shows the change in temperature over

30 time for a controlled or slow reaction of a 32% by weight encapsulation of NH4Cl with aqueous



5 invention, Guar is presently the nost preferred binder material. [0080]
According to yet another enbodi nent of the invention, undissolved solid
struvite is wused in place of ammonium chloride in the reaction shown above
in Equatio . jte is a magnesi um amoni um phosphate and acts as a
source of gﬁ%éﬁﬁhﬁ?¥%ns. Magnesi um ammni um phosphat e (MKEBBEMED0) is a
white powder, density 1.71, nelting point 10 (deconposes to nagnesi um

pyr ophosphat e, My2P207), soluble in acids, insoluble in alcohol and water.
Hawl ey' s Condensed Chemical Dictionary, 14th Edition, Ed. Richard J. Lew s,
2001, p. 237. As struvite is known to be insoluble in water, however, but
soluble in acidic solutions and the gpssolution of struvite is also known
to be enhanced by the presence chelating agents (e.g., citric acid, sodium

sal ts ofq;QbiDyd KRG, ARRE pheBdnc@dE bdife AFd FhabhifDI AndximubhieGBerBuRd oP Bt 15
magnesi um t hereby breaking the solid matrix. By controlling the
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achi evedemperdtureorith a044% hg weight ¢reapsslation 0FISHA@renchbing sohdxdnum netinssaire of
struvist %bg&%ogl: chelating agent to slowy dissolve the struvite and thereby
rel ease ‘anmmoniumions for reaction with NaNO2 al ready 20 dissolved in the
sol ut i or{0082]08 Wiguke ik dignaphtod aydelayahexdothermie pdactibrnmntesofvhedein dnrexethtdndn, t he
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generation. In Figure 7, a first line plotted on the graph shows the change
i n t enpehteageat gvegertP.ne for an uncontrolled or fast reaction of aqueous
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change iwscogfigkilud in wedtoesarIGhe Teasarits theageoamnted olttogen gas wh pwdneax foamed of a

229 LISl Y e P R R S350
r eachi hgelrasewl pressoret geigpeted by the nitfogadbgast 140F. A third |line shows the change
int enpelbeé‘ﬂr € ﬁ“a&é}tig‘n t%%%): B}é)vg\ﬁgs%rr%ltved%%gt%gxgsu O?Ecim rg)ll%cg the release of heat encrgy

10 help melt paraffin deposits, a non-ionic surfactant in the treatment fluid would be made to go

past its clond point due to the generation of heat. Above the cloud point, a surfactant would tend

to penetrate the paraffin deposits. When the temperature comes down to ambient conditions, the

20 surfactant would want to go back to solution, thereby pulling the paraffin molecules with them.
Thus, this detergent like effect due to the heating with a non-ionic surfactant is expected to add
considerable synergy to the paraffin wax removal methods. The choice of surfactants would
vary on a case to case basis. The right surfactant would be expected to have a cloud peint at
least 10 - 15 degrees above the ambient temperature,

25 [0085] According to the invention, a method is provided for increasing the temperature of a
section of conduit used for the production or transmission of hydrocarbon, the method
comprising the steps of: (a) forming a treatment fluid comprising: a carrier fluid; and a first
reactant and a second reactant, wherein: the first reactant and second reactant are selected for
being capable of reacting together in an exothermic chemical reaction; the first and second

30 reactant are in at least sufficient concentrations in the carrier fluid to generate a theoretical heat



NHAC1 reaching a maxi num tenperature of about 100F, and a fourth |ine shows
the change in tenperature with a 44% by wei ght encapsul ati on of NH4Cl
reaching a maxi numtenperature of 5 about80F. (0082] Figure 8 is a graph of
a del ayed oxgbhghsHoes reacti on process wherein an exot hern reaction is

del ayed before i?ﬁ%gbins by a del ayed rel ease acid systé%h%aﬁﬂwgwﬁﬁﬁle of a
techni que that can be used to delay the reaction includes using a neutral or
al kal i ne solution and delaying the release of an acid. Another exanple of a
techni que for delaying the start of includes 10 encapsul ati ng one or both of
the reagents for an exothermc reaction to delay the initial release of the
reagent or reagents. [0083] The exothenm c reaction according to Eq. 1 al so
produces nitrogen gas. Wien a viscosified fluid is used to carry the

r eact antof reabtivh anRaal HO0 K/lited GRRe GofmeR TR, Qfdifibet DR 0Tt lehdt bhélof the 1S
believed that the foamed fluid can help provide a margin for safety in
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[0084] I(B) afskukin@nihb OrdaiBerRDAME-1HRS G rdehiRA 6f CalRY 8fdl RF ®OPrbdlid@rt he
rel ease of heat energy to help nelt paraffin deposits, a non-ionic
sur f act drppsmigsiethef hydwstrthemt f1 uid woul d be nade to go past its cloud point
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anbi ent thesmeticalihgaif reahdordf atlsedt AS0RKY ofitha idatwgntt flid go back to sol ution,
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consi derfakt reacemharighe scwotdreagiant.a Moraprefexablye thesalid fretnho edaptelihie heh ool of
surfactants.woul d, vary on a e. 1o e basis. The.right surfactant would
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first reactant and a second reactant, wherein: the first reactant and

second rsshuansinly el of thehest encepyrivreleapad; within apatieref beure.cbesh meferblyethnbeati n an
exot her mf??agm Cass et b ?&'iodtokj Sbdul %?ot bR BREO N, ggatngﬁ%%eas'ahd A ch at

| east suf cient concentrations in the carrier fl ui enerate a
t heor &% i alprifreattleapOwa0b 0@ 208 fROF AGRRE0T help346iTel thd mixing between the first

reactant and the second reactant in at least two stages.

[0088] To contro! the rate of mixing and to help suspend the solid material in the carrier
fluid, the solid form preferably substantially comprises particulate material. More preferably,
the solid material is of a 20-40 mesh size.

20 [0089] The carrier fluid preferably comprises a viscosifying agent. The viscosifying agent
helps suspend solid material in the carrier fluid. For example, the viscosifying agent can
comprise: a water-soluble polymeric material. More preferably, the viscosifying agent may be a
polysaccharide selected from the group consisting of: guar, hydroxylalkylguar,
carboxyalkylhydroxyalkylguar, carboxyalkylcellulose, carboxyalkylhydroxyalkyl-cellulose,

25 xanthan, derivatives of any of the foregoing, and any combination thereof in any proportion.
The viscosifying agent can further comprise a crosslinking agent. Moreover, the treatment fluid
can further comprise a breaker for the viscosifying agent.

[0090] Most preferably, the viscosifying agent comprises: a xanthan with additives that help
the viscosifying agent withstand high salt content in the carrier fluid and an acidic pH of the type

30 disclosed in US Patent Publication No, 2004/0214728, published October 28, 2004, having for



of reaction of at least 1,000 kJ/liter of the treatnment fluid;, and at | east
sone of at |least one of the first reactant and the second reactant is
suspended in a solid formin the carrier fluid; and (b) introducing the

t r eat ment Rbﬂﬁﬂmb&@97a section of conduit used for the production or

transm ssion of hydrocarbon. 5 [0086] Mre preferably, tHd/GREEYUMSE and
concentrations are selected to generate a theoretical heat of reaction of
at |east 1,50010/ of the treatnent fluid. [0087] Preferably, the solid form
is further adapted to help control the m xing between the first reactant
and the second reactant. More preferably, the solid formis adapted to help
control the mxing so that: (a) Iesszghan 50% of the total heat of the
reaction is generated within any 1 10 hour period; and (b) greater than 50%

of the tQhAl ifRAbrsOtobeRS. E\aﬁgi,ic@wy PSFEfRHGIsat Rl Al Mc@abd@hd BIRIENYS NMOSt 6

hours. The purpose is to have the heat of reaction rel eases, whether at an
even r at®eddy, whichds mgerporated hetein byrefeegnes indisieri@eiyn t he rel ease of heat energy:
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may be a polysaccharide selected fromthe group consisting of guar,

hydr oxy| aaiepy geratrinatiop hesentyin ARy pIepertion.y Ahesp |agwﬁepted deibsy al?lﬂ@w tedlisselvose,

car boxyaja@fupgg{oxyal kyl -cel l ul ose, 25 xanthan, derivatives of any of the

f or egoi ngq, any conbi nation thereof in any proportion. The viscosifying
agent caR092]r t Hsefermblyprthe ¢regimentodsidi fiitherg cagmises aMorystellise , madifert toebdlprent

fluid cap further [ r.eaker .f Vi. i fyi ent. [.0090]
Most pre . &5 Ithye H)%ﬁ'nf@?\%éc 3@? ?V?ﬁlgﬁ%glgﬁltﬁ 91{:%%%@5‘%%3&% oiyéﬁe{a%gﬁ%vﬁ c{eﬁos[gggi tives
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fluid a?ﬁ(ilﬁg@ acidic pH of the type 30 disclosed in US Patent Publication

No. 200 #9728, published October 28, 2004, having for
[0093] In addition for being selected for their high heat of reaction, the first reactant and the

second reactant, and any catalyst, are preferably further selected for not having any detrimental
effect on the pipeline.
20 [0094]  Further, the first reactant and the second reactant are also preferably selected for
having a relatively low activation energy of reaction. .
[0095] In addition, the treatment fluid is preferably formulated such that it does net set or
solidify, whereby the treatment fluid cannot itself inadvertently plug the conduit.
[0096] More particularly, at least one of the first reactant and the second reactant preferably
25 is a water-soluble material. More preferably, both the first reactant and the second reactant each
comprise a water-soluble material.
[0097] When both the first reactant and the second reactant comprise water soluble
materials, preferably the first reactant comprises: a source of cations, and the second reactant
comprises a source of anions. More preferably, the source of cations comprises: a source of

30 ammonium ions; and the source of anions comprises: a source of nitrite ions. The source of



WO 2008/ 032067 PCT/ GB2007/ 003467 22 naned inventors Robert S. Taylor, Gary
P. Funkhouser, M chael A MCabe, and B. Raghava Reddy, which is

i ncorporated herein by reference in its entirety. [0091] Depending on the
reagents s generate heat, which may require an agueous solution
to react, qhgggggﬁ%ﬁr fluid preferably conpri ses water. BRPEH36AN be
selected from 5 the group consisting of: seawater; brackish water;
freshwater; and any conbi nation thereof in any proportion. The carrier fluid
preferably conprises a hydrocarbon that is a liquid at standard tenperature
and pressure ("STP"), which can hel p dissolve paraffin wax. Mre preferably,
depending on the reagents sel ected tosgenerate heat, which may require an
aqueous solution, the carrier fluid I's an emul sion of water and

hydroc araﬁﬁhﬁbmtﬁ@ﬁﬁls Prefdr 8 PR priskd Jﬁ%ﬁﬁﬁ'hg% Ay thd\e prCerfAY feGinnidnitingl 1S
selected fromthe group consrst crude oi | kerosene an aromatic
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par af f1 n" waX 0S| %l sewher e. [0093] In addition for being
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react ant nd an atal e er abl urt.her eIect d f or not. having
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relatively | ow actjvation energy of reaction 0095] In, addition, the
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condui t. 0096] More particularly, | east one of the first reactant and
the secdA®9%eadnahe case of ereafiop re%amea eatelatthe s15thod [advartagepyshy can Nther
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15 beginning of the release of the heat of reaction, whereas having at least some of one of the first

react antregfet trlteths eecvad réa@&ﬁi awthe@hepﬂﬂ apnareeml $ @ﬂﬁﬁhﬁg af ®datmdh@vi ng a

and second reactants in a solid form is a separate and independent approach to controlling when
the heat of reaction is released after the release of a catalyst allows the start of the reaction. For
example, the release of the catalyst may occur after some of one of the reactants has been
released from its solid form to become available for reaction, such that a small initial spike in '
20 heat energy is allowed followed by a more sustained or stepped release of heat energy depending
on the nature of the solid form of one or both of the reactants.
[00100] The encapsulating or embedding material for delaying the release of acid can be
any material that melts or dissolve in the carrier fluid upon reaching a certain temperature to
release the acid. Further, the dissolution of the polymeric material would be expected to increase
25 with increasing temperature.
[00101] By way of example, the polymeric material can be a material that releases the
encapsulated reactant upon reaching or exceeding a specific temperature. In such case, for
example, the polymeric material can be selected to release a reactant at or above a temperature of
120°F (49°C), for example, polyvinyl alcohol. Or a polymeric material can be selected that

30 releases the encapsulated reactant at a temperature above 150°F (65°C). Examples of



conprises a source of anions. Mre preferably, the source of cations
conprises: a source of 30 ammniumions; and the source of anions conprises:
a source of nitrite ions. The source of WD 2008/ 032067 PCT/ GB2007/003467 23
annnniunliqpazﬂ&ﬁgﬁgﬁbly conpri ses an anmoni um halide, and nost preferably

t he ammoni um “hal'i’de conprises an anmmoni um chl ori de. AmRSTVERASHIBET e and
Ammonium Nitrate could also be used. But Anmmonium-Nitrate is |ess

pref erabl e because of its explosive nature. And preferably, the source of
nitrite ions conprises: an alkali nitrite, and nost preferably, the source
5 of nitrite ions conprises: sodiumnitrite. [0098] Depending on the

sel ection of the first reactant and thg second reactant, the reaction nmay
be assisted by or require a catalyst for an exotherm c chem cal reaction
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[00104] For example, according to one embodiment of the invention, the solid form for a
reactant comprises: having at least some of at Jeast one of the first reactant and the second
reactant is embedded in a solid matrix with a polymeric material.

20 [00105] According to another embodiment of the invention, the solid form comprises for a
reactant comprises: having at least some of at least one of the first reactant and the second
reactant is encapsulated with a polymeric material capable of helping to contro] the release of the
reactant.

[00106] For embedding a reactant in a solid matrix, the embedding material is preferably a

25 polymeric material. | More particularly, the polymeric material preferably comprises a
biopolymeric material or a derivative of a biopolymeric material. More preferably, the
biopolymeric material is selected from the group consisted of hydroxyl alkyl cellulose, xanthan,
diutan, guar gum, chitosan, in any combination and in any proportion.

[00107] Preferably, the polymeric material is a material that can be hydrated. Thus, when

30 forming a solid mafrix, a small proportion of water is added, which preferably is an insufficient



encapsul at ed reactant upon reaching or exceeding a specific tenperature. In
such case, for exanple, the polyneric material can be selected to rel ease a
react ant at or above a tenperature of 120F (49C), for exanple, polyvinyl

al cohol . ? {IC material can be selected that 30 rel eases the
encapsulated P eRc at a tenperature above 150F (65C) .P(DRaNEW346T WO
2008/ 032067 PCT/ GB2007/ 003467 24 encapsul ating materials that have | ow
melting points in these ranges al so include vegetable oil based.

encapsul ating materials, such as those described in U S. Patent No.

6, 153, 236 i ssued Novenber 28, 2000 to Bal chem Corporation. [00102] More
particularly, for exanple, when the fhest and second reactants are 5
anmoniumion and nitrite ion, the catalyst is preferably an acid, and nore
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a 15 polyacrylates, water soluble polyacrylamides, acrylic acid/maleic anhydride copolymers, and any
combination thereof in any proportion. Based on the teachings of this invention, a person of skill
in the art will be able to select particularly appropriate polymeric materials and an appropriate
physical solid form to achieve a release of reactant after a desired time or after a desired
temperature,
20 [00109] Alternatively, for encapsulating a reactant or embedding a reactant in a matrix,
the encapsulating or embedding material can be sensitive to temperature. For example,
polyviny! alcohol or hydrogenated vegetable oil can be used.
{00110] Thus, the encapsulating or embedding material can be any material that melts or
dissolve in the carrier fluid to release a reactant for an exothermic reaction. Further, the
25 dissolution of the polymeric material would be expected to increase with increasing temperature.
[00111] Further, when one portion of one of the reactants is encapsulated in a first
polymeric material that releases the reactant at a lower temperature and another portion of the
reactant is encapsulated in a second polymeric material that releases the reactant at a higher
temperature, it is possible to control the mixing of the reactants in stages. This principle can be

30 extended to release successive portions of a reactant as the temperature of the treatment fluid



25 polyneric material. More particularly, the polyneric material preferably
conprises a biopolyneric material or a derivative of a biopolyneric
material. More preferably, the biopolyneric material is selected fromthe
group consi droxyl al kyl cellul ose, xanthan, diutan, guar gu

chi t osan, Rﬁbgﬁﬁmggﬁﬁlnatlon and in any proportion. [Oofﬁﬁrﬂﬁwgﬁg?ﬁﬁly, t he
polynerlc material is a material that can be hydrated. Thus, when 30
forming a solid matrix, a small proportion of water is added, whi ch
preferably is an insufficient WD 2008/ 032067 PCT/ GB2007/ 003467 25
proportion to substantially hydrate the polymeric material, but is
sufficient to make the polynmeric matggial sticky to help bind the reactant
into a matrix. The materials can be mxed together into a solid matrix,
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comprises a chelating agent. In this embodiment, the chelating agent is preferably selected from
the group consisting of: citric acid, alkali salts of ethylenediaminetetraacetic acid (“EDTA”™),
nitrilotriacetic acid (“NTA”), and any combination thereof in any proportion.

20 [00114] It should be understood, of course, that the techniques of these embodiments can
be advantageously and synergistically practiced together in various combinations of two or more
techniques to achieve desired mixing of reactants for exothermic reaction after a specific delay
period and gradually or in stages.

[00115] 1t is expected that the methods according to the invention will have greatest and

25 most advantageous application when the conduit is a subsea pipeline.

[00116] The methods can also preferably further comprise the step of: isolating the section
of conduit; and wherein the step of introducing the treatment fluid into the conduit further
comprises: introducing into the isolated section of conduit.

[00117] The method according to the invention can further preferably comprising the step

30 of allowing the treatment fluid to generate heat in the conduit. This is important to allow the



[ 00110] Thus, the encapsul ating or enbeddi ng material can be any materi al
that nelts or dissolve in the carrier fluid to release a reactant for an
exotherm c reaction. Further, the 25 dissolution of the polynmeric nmaterial
woul d be exfgch increase with increasing tenperature. [00111] Further,
when one portloﬁﬁg%gone of the reactants is encapsulatedP¢HLHﬂWWW§ﬂ”
polynmeric material that releases the reactant at a | ower tenperature and
anot her portion of the reactant is encapsulated in a second pol yneric
material that releases the reactant at a higher tenperature, it is possible
to control the mxing of the reactants in stages. This principle can be 30
extended to rel ease successive portiogg of a reactant as the tenperature of
the treatment fluid WO 2008/ 032067 PCT/ GB2007/ 003467 26 increases with each
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sel ected 1rom 't he group consisting of. citric acid, alkali salts of

et hyl End@ 121 net ellreaBengin’ Rasgekidn (iveREAhydrogeni perd:dintft andag dérrans avndatalysiTA" ) |

and any t her. an orti.on. 1 hou
cinder ot At 24 of betSifidls tris bRl ovfide j2n a2 b & et
The hydroxyl free radical is the primary oxidizing species and can be used to oxidize and break

apart organic molecules.
20 L > Fe™*+HO +HO* (Eq. 2)

[00122] Other similar exothermic reactions with hydrogen peroxide and metal ions are
also contemplated to produce oxidizing species, such as the reaction of hydrogen peroxide and
copper ions.

25 [00123] It is well known that organic compounds can be easily oxidized. One primary
advantage of the Fenton's Reaction is that it does not produce further organic compounds or
inorganic solids such as permanganate and dichromate, since there is no carbon in the peroxide.
[00124] If the reaction is carried to completion, then ultimately the organic molecules
break down into CO; and water, which are the normal end products of a combustion reaction.

30 Also similar to a regular combustion reaction, organic destruction by the Fenton's Reagent is



be advant ageously and synergistically practiced together in various

conbi nations of two or nore techniques to achieve desired m xing of
reactants for exothermc reaction after a specific delay period and
gradual |y ogohmspiages. [00115] It is expected that the nethods accordlng to
the invention will have greatest and 25 nost advant agedds’ SV on when
the conduit is a subsea pipeline. [00116] The nethods can al so preferably
further conprise the step of. isolating the section of conduit; and wherein
the step of introducing the treatnment fluid into the conduit further
conprises: introducing into the isolated section of conduit. [00117] The

met hod according to the invention canogurther preferably conprising the step
30 of allowing the treatnment fluid to generate heat in the conduit. This is
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[00121] The Fenton's Reaction involveS hydrogen peroxide and a ferrous iron
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hydrocarbon would be used for dissolving the paraffin wax in the condult

[00126] Another example of a highly exothermic reaction is the reaction of ammonia with
15 carbon dioxide to form wurea, HoNC(O)NH,;, a water-soluble compound made by many
organisms, including humans, to eliminate nitrogen, according to the following reaction

(Equation 5):

2NHj(g) + COx(g) --—> HNC(O)NHx(s) + H0() (Eq. 3)
20

[00127] The standard enthalpies of formation (“H°f*) for ammonia, carbon dioxide, urea,
and water are - 46.1, -393.5, -333.0, and -285.8 kl)/mole, respectively. Accordingly, the
theoretical enthalpy change for the reaction (“Hrxn”) = H°f{H20(1)) + Hf{(H;NC(O)NHa(s)) -
2H°f(NH1(g)) - H°{(CO2(g)) = (-285.8 kJ) + (-333.0 kI) - (- 92.2 kI) - (- 393.5 kJ) = -133.1
25 kJ/mole (based on the amount of carbon dioxide).

[00128] Another highly exothermic class of reactions is Grignard reactions, for which the
heat of reaction is typically in the range of about -200 to about -250 kJ/mole.

[00129] The foregoing descriptions of specific embodiments of the present invention have
been presented for purposes of illustration and description. They are not intended to be

30 exhaustive or to limit the invention to the precise forms disclosed, and many modifications and



20 H202 + Fe2+ ------- > Fe3+ + HO + HO* (Eq. 2) [00122] Other simlar
exotherm c reactions with hydrogen peroxide and netal ions are also
contenpl ated to produce oxidizing species, such as the reaction of hydrogen
peroxi de angq GRRRS; 1 onNs. 25 [00123] It is well known that organic
conpounds can be éasily oxidized. One primary advant agePGFGBHE7T/FS#i7oN' S
Reaction is that it does not produce further organi c conpounds or inorganic
solids such as permanganate and di chronate, since there is no carbon in the
peroxide. [00124] If the reaction is carried to conpletion, then ultimately
the organic nol ecules break down into CO2 and water, which are the nornal
end products of a conbustion reactiongg30 Also simlar to a regular
conmbustion reaction, organic destruction by the Fenton's Reagent is WO
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expect ed t hat Fenton S Reactlon can be used to oxidize hydrocarbon as one
of the reactants to generate heat included in the carrier fluid. Even if
not particularly reactive wwth paraffin wax already in the conduit to be
treated, the 10 heat generated by Fenton's Reaction with the hydrocarbon in
the carrier fluid can be used to nelt and help dissolve the paraffin wax.
The heat of this reaction would be expected to be limted by the amount of
hydr ogen peroxi de and ferrous iron used in the treatnent fluid, and an
excess of hydrocarbon woul d be used for dissolving the paraffin wax in the
conduit. [00126] Another exanple of a highly exothermc reaction is the
reaction of amonia with 15 carbon dioxide to formurea, H2ZNC(O NH2, a

wat er - sol ubl e conpound nmade by many organi sns, including humans, to
elimnate nitrogen, according to the following reaction (Equation 5):
2NH3(g) + C02(g) ----> H2ZNC(O NH2(s) + H20(1) (Egq. 3)



20 [00127] The standard enthal pies of formation ("Hf') for anmonia, carbon
di oxi de, urea, and water are - 46.1, -393.5, -333.0, and -285.8 kJ/nol e,
respectively. Accordingly, the theoretical enthal py change for the reaction

("Hrxn") = + HF (H2ZNC(O) NH2(s)) - 2HF (NH3(g)) - Hf (Q02(g)) =
(-285.8 kaquygggég% kJ) - (- 92.2 kJ) - (- 393.5 kJ) FCTIGBR047/00367 k| / ol e
(based on the amount of carbon dioxide). [00128] Another highly exothermc
class of reactions is Gignard reactions, for which the heat of reaction is
typically in the range of about -200 to about -250 kJ/nole. [00129] The
foregoi ng descriptions of specific enbodi nents of the present invention have
been presented for purposes of illust @tion and description. They are not
intended to be 30 exhaustive or to lImt the invention to the precise forns
di scl osgg,aRd many nodifications and WO 2008/ 032067 PCT/ GB2007/ 003467 29
variations are possible in light of the above teaching. The enbodi nents were
chosen and, -described in order to best explain the principles of the

invention ang its Cty |ication 0, thereby enable.others skilled
in the art tg' bes}t‘%etﬁ} ifﬁf’é}:l g %Bllgr%ﬁ/egtﬁ %r%néaeno a\?%&'iogﬁgcoen@%lgﬁ?e Nte with
vari ous nodi prodadtionostrasmissnofihydectatbonfthempthod camprisingitbestemrtienpl at ed. |t

is intended that e SCO f the.invention be defined by the clains
appended hereto a¢ar£ tﬁgﬁf?m%gﬁF%’&F‘EEﬁ‘é‘{.CW%%/ 032067 PCT/ GB2007/ 003467 30
CLAIMS: 1. A nethod fof) | acaeiesivig; dale tenperature of a section of conduit
used for the production or transm ssion of hydrocarbon, the nethod
conprising the steps of@) 5a@ast rqagtans ang a secopdrepetahie WReRid conprising: (i) a

carrier fluid; and (ii) a {jy sthe¢R¢IaKNtARE sRoSELONsht hRAGTeARS forvhgg i n: (1)
the first reactant and second reactant are selected for bein capabl e of

reacting together in an ex&tniblewf teagtingivgetiier incacrptbermic dgmiicyf reapteont i r st and
second, reactant are in at ![(ﬁaStth%gfra{t'mg%s%@&nd%%}%{'&éﬂ{éﬁ’éﬁtsluﬂicﬁéﬁ? carrier

fluid to generate a theoreti’cal
concentrations in the carrier fluid to generate a theoretical heat of

reaction of at least 1,000 kl/liter of the treatment fluid; and
(3)  atleast some of at least one of the first reactant and the
second reactant is suspended in the carrier fluid in a solid form that
15 is adapted to help control the release of the reactant into the carrier
fluid; and
(b)  introducing the treatment fluid into a section of conduit used for the

production or transmission of hydrocarbon.

20 2. The method according to Claim 1, wherein the solid form is adapted to help
control the mixing so that:
(a) less than 50% of the total heat of the reaction is generated within any 1
hour period; and
(b) greater than 50% of the total heat of the reaction is generated within a

25 period of at most 6 hours.

3. The method according to Claim 2, wherein the solid form comprises at least two
different solid forms adapted to help control the mixing between the first reactant and the
second reactant in at least two stages.
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reaction of at least 1,000 Uliter of the treatnent fluid; and (3) at |east
sone of at |east one of the first reactant and the second reactant is
suspended in the carrier fluid in a solid formthat 15 is adapted to help
control tth?%&ﬁﬁiﬁs f the reactant into the carrier fluid; and (b)
introducing the treatment fluid into a section of condui RCT/GERYOTWE6T he
production or transm ssion of hydrocarbon. 20 2. The nethod according to
Claim 1, wherein the solid formis adapted to help control the m xing so
that: (a) less than 50% of the total heat of the reaction is generated
within any 1 hour period; and (b) greater than 50% of the total heat of the
reaction is generated within a 25 pegjod of at nost 6 hours. 3. The nethod
according to Claim2, wherein the solird formconprises at |east two
different solid f " : X he first
react ant andh't he ’ﬁ{se(raﬁéecgn rté(ggltng(r?ﬁ bglnlﬁ)é’t |e%§1%hezsgmigd§t%g%%£§%ﬂ?%%/ 032067
PCT/ GB2007/ 0984 @ilate Bntesial HEmmg m@0HGdneakt sive.di ng to A aim 1, wherein the solid
form substantially conprises particulate material having a 20-40 nesh size.
5. The method according to Caim1, wherein the carrier fluid conprises a 5
vi scosi f yi ng5agenThe iicthodwecording oal Chire oy vehangin the calriat fluid combusegan t he carri er
fluid conprises g non-ionic surfactant. 10 7. The nmethod according to Caim
1, whetein tchog%vpg-ggengl uid conprises water. 8. The method according to
Claim1, wherein each of the first reactant and the second reactant

conprises a water-soluble material ., 15 9. The nmethod according to, C aim8,
wher ei n: (a) %t he Trermethodaceording te Glar i eherem e caurisnilyig campuies s pan-iogicy

surfactant.
10 7. The method according to Claim 1, wherein the carrier fluid comprises water.
8, The method according to Claim 1, wherein each of the first reactant and the

second reactant comprises a water-soluble material.

15 9. The method according to Claim 8, wherein:
{(a) the first reactant comprises: water-soluble cations; and

(b)  the second reactant comprises: water-soluble anions.

10.  The method according to Claim 9, wherein:
20 (a)  the water-soluble cations comprise: ammonium ions; and

(b)  the water-soluble anions comprise: nitrite ions.

11.  The method according to Claim 1, wherein the treatment fluid further comprises:
a catalyst for an exothermic chemical reaction between the first reactant and the second

25 reactant.

12.  The method according to Claim 11, further comprising the step of: delaying the
release of the catalyst to help delay the beginning of any substantial reaction between the
first reactant and the second reactant.
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(b) the second reactant conprises: water-soluble anions. 10. The net hod
according to Caim9, wherein: 20 (a) the water-sol uble cations conprise:
anmoni umions; and (b) the water-sol uble anions conprise: nitrite ions. 11.
The met hod \?8%’([8@5{69 to Caim1, wherein the treatnent fluid further

conpri ses: yst for an exothermc chenical reactiRSH/GBONEWAGE he fir st
reactant and the second 25 reactant. 12. The nethod according to Caim 11,
further conprising the step of, delaying the release of the catalyst to

hel p del ay the begi nning of any substantial reaction between the first
reactant and the second reactant. 30 WO 2008/ 032067 PCT/ GB2007/ 003467 32
13. The method according to Caim 12 2herei n the step of delaying the

rel ease of the catalyst conprises: eﬁ apsul ati ng the catalyst. 14. The

The met hod_ adtor iy LGl CP thdfE8h B kb L ORBE B B E6 Bt i g
t he treat newritalybtebniprdesenaapsuitfivgy thé catdlgst.p del ay the rel ease of the aci d.

16. The nmethod according to Caim1, wherein the solid formconprises:
having at 10 | east some of at |east one of the first reactant and the

second reactant emhedetBed dddorirQb Clhim TR wWihekeitteRa@lyRUoupBikdsGm ABHEr | al . 17.
The met hod according to aim1l, wherein the solid formconprises: having at
| east Sone of at |east one of the first reactant and the second reactant

encapsul at ed 1% t hTpdRedBd flebRARSUS aldifd4 Wr'c&hpﬁﬁﬁ@ﬁb St br: Mg te £ O
control the release of the reactant. 1.8 he net hod according to Caim 17,

wherein the dénetmesiflud with abafienty h#lpdglajathemiqaé?p%lhe #ddt rel eases the
encapsul ated reactant at a tenperature above 120F (49C). 20 19. The net hod
according to Claim 18, wherein the encapsul ating nmaterial conprises

pol yvi nyl al déhol Th2fethddheccosingad Ciatmdy wherginthe sGlidformkonpuisdshimvingairpr i si ng
the SE(? p of Ilesa(s)tl sao;['nle ggattlga%t one of the first reactant and the second reactant embedded in a solid

matrix with a polymeric material.

17.  The method according to Claim 1, wherein the solid form comprises: having at
least some of at least one of the first reactant and the second reactant encapsulated with

15 an encapsulating material capable of helping to control the release of the reactant.

18.  The method according to Claim 17, wherein the encapsulating material is a

material that releases the encapsulated reactant at a temperature above 120°F (49°C).

20 19.  The method according to Claim 18, wherein the encapsulating material comprises

polyvinyl alcohol.

20.  The method according to Claim 1, further comprising the step of: isolating the
section of conduit; and wherein the step of infroducing the treatment fluid into the

25 conduit further comprises: introducing into the isolated section of conduit.

21.  The method according to Claim 1, further comprising the step of: displacing the

treatment fluid from the section of conduit,



section of conduit; and wherein the step of introducing the treatnment fluid
into the 25 conduit further conprises: introducing into the isolated section
of conduit. 21. The method according to Claim1, further conprising the step
of : displaqug%#ﬁgg,;reatnent fluid fromthe section of conduit. WO

2008/ 032067 807/ 003467 33 22. A nethod for i ncr P4V GREOPI467
tenperature of a section of conduit used for the production or transm ssion
of hydrocarbon, the method conprising the steps of. (a) formng a treatnent
fluid conprising: (i) a carrier fluid conprising water; and 5 (ii) a first
reactant and a second reactant, wherein: (1) the first reactant conprises a
source of amoniumions and the secogg reactant conprises a source of
nitrite ions, wherein the first reactant and second reactant are capabl e of

reacting togeher ﬁ&h&@oﬁ?%%ﬂ&te&?mfarsgéﬁ)‘hio?génd&ﬁ uée_%)fo}tﬁg first and

second react ant are in at |east suf f1 Ci ent concentrations in the carrier
fluid to generaduetion or remsmassionaif hixbregartwh, the egthod cpmprising the gepstofil, 000 kJ/liter

of the treatnent {aiui %ﬁﬁﬁgg@‘ﬁ‘?ﬁ”{f@&hﬁﬁ :dof at | east one of the first

reactant and the econ cta I'S sus inthe carrier fluid in a
solid formthat 15 i s @daptcediet fuidebpprising watr; e r el ease of the reactant

into the carrier fluid..an b) jntrqducing the treatnment fluid into a
section of conduit used(uﬁoraq‘fr%égac %aﬂla@??cgﬁgﬁeracwtaﬁg%elgsion of hydrocarbon.
20 23. A nethod for increaging tHediritespriidbotiptssfa seuseof dngfordim ¢mend t used
for the production or transm ssion of hydrocarbon, {he, nmethod conprising
the steps of. (a) formng &"%5eeondeastant QOmPHSESAPOTICE Piytrite fong, wheged tbe or

fluid; (b) a first reactantfr@nghcAnSRa984dnd RAGEAR e caphtits 6 BactiB tolgdthert he first
reactant and second reactant are selected for being
in an exothermic chemical reaction;

10 2) the first and second reactant are in at least sufficient
concentrations in the carrier fluid to generate a theoretical heat of
reaction of at least 1,000 kJ/liter of the treatment fluid; and
(3) at least some of at least one of the first reactant and the
second reactant is suspended in the carrier fluid in a solid form that

15 is adapted to help control the release of the reactant into the carrier
fluid; and

(b)  introducing the treatment fluid into a section of conduit used for the

production or transmission of hydrocarbon.

20 23. A method for increasing the temperature of a section of conduit used for the
production or transmission of hydrocarbon, the method comprising the steps of;
(a) forming a treatment fluid comprising:
(i) a carrier fluid;
(b) a first reactant and a second reactant, wherein:
25 (1)  the first reactant and second reactant are seiected for being
capable of reacting together in an exothermic chemical reaction;
(2)  the first and second reactant are in at least sufficient
concentrations in the carrier fluid to generate a theoretical heat of

reaction of at least 1,000 kJ/liter of the treatment fluid; and



capabl e of reacting together in an exotherm c chem cal reaction; (2) the
first and second reactant are in at |east sufficient concentrations in the
carrier fluid to generate a theoretical heat of reaction of at |east 1,000
kJ/liter OKNBQ&?%&&?Lnent fluid; and WO 2008/ 032067 PCT/ GB2007/ 003467 34
(c) a catalyst tor the reaction between the first react diH/EH4OYWE63econd
reactant, wherein at |east sone of the catalyst is suspended in the carrier
fluid in a solid formthat is adapted to help control the rel ease of the
catalyst into the carrier fluid; and 5 (b) introducing the treatnment fluid
into a section of conduit used for the production or transm ssion of

hydr ocar bon. 24. The net hod according3ao Claim 23, wherein at |east sone of
at |east one of the first reactant and the second reactant is suspended in

the carrier fluid in a@ol idabRUTBakeacdfl vbircf RURY LialiElR LGl L he

rel ease of the reactant™1nto the carrier flul cording to
Cl ai m 24, wherein the swhdtahtfwieminit least sometofithe catslystde appeaded m thetqorigont r ol

the m xing so that: (a)gl.gss. t 0% | f.the action is
generated within any 1 ﬂ‘&g a(‘)‘?ﬁ’?i ag%%toﬁgg%dtﬁ%%? %(’)()&‘%’rceoa?r glﬁth%)ﬁéer? %ﬁ:&?eof t he
total heat of the reactdathyst mtgbeedratrethidpiahdhi n a period of at nost 6 hours.

26. The net hod accordi.n o. Cl.aim 24, rein the splid.form.of the reactant
20 coniri ses at I@gst 1y “Wf@r@ﬁ@?ﬁ%gﬁ%ﬁ?gl%ggﬁo@@‘l{‘ge%r&econtroI t he
m Xi ng between tHedidibsbr ti@8eissibh otidrdch@osecond reactant in at least two

stages. 27. The nethod according to Caim 23, wherein the solid formof the

catalyst substantially conprises particulate material having a 20-40 nesh
size. 25 28. 3fhe ’ﬁiﬁ‘éxﬁ&ﬁo@&%&ﬁﬂigﬁ&d&n%ﬁﬁ&%@m 1WREIRIH bl 1Bast Biid dre f | Ui d

conprises a viscosifying agent. 29. e nmet hod according to C aim 23,
wherein the &zt raaetantfang the seeond reagtest igsuspanded in the carrier fluid in a solid form that

10 is adapted to help control the release of the reactant into the carrier fluid.

25.  The method according to Claim 24, wherein the solid form of a reactant is
adapted to help control the mixing so that:
(a)  lessthan 50% of the total heat of the reaction is generated within any 1
15 hour period; and
(b) greater than 50% of the total heat of the reaction is generated within a

period of at most 6 hours.

26.  The method according to Claim 24, wherein the solid form of the reactant
20 comprises at least two different solid forms adapted to help control the mixing between

the first reactant and the second reactant in at least two stages.

27.  The method according to Claim 23, wherein the solid form of the catalyst
substantially comprises particulate material having a 20-40 mesh size.

25
28.  The method according to Claim 23, wherein the carrier fluid comprises a

viscosifying agent.

29.  The method according to Claim 23, wherein the carrier fluid comprises a non-

30 ionic surfactant.



30 ionic surfactant. WO 2008/ 03 20 6 7 PCTI GB2007/003467 35 30. The net hod
according to Claim23, wherein the carrier fluid conprises water. 31. The
nmet hod according to Claim23, wherein the carrier fluid conprises water and
5 the cat a'W@EouﬁBﬁBﬁ ses an acid. 32. The nethod accordi ng to C aim31,
wherein the treatnent fluid further conprises: a pH buffA{CHHVHEMETY t he

rel ease of the acid. 10 33. The nethod according to Caim 31, wherein the
acid is encapsulated with an encapsulating material capable of helping to
control the release of the acid. 34. The nethod according to C aim 33,
wherein the encapsulating material is a material that rel eases the

encapsul ated reactant at a tenperaturgsabove 120F (49C). 15 35. The net hod
according to Claim 33, wherein the encapsul ating naterial conprises

pol yvi nyl al cohol. .36. The nmethod according to C aim 33, wherein the
encapsul at i ng material conprises 20 hydrogenated vegetable oil. 37. The
met hod accor dPng 'if%e@Ftapqiﬁczstdmméﬂéquﬁﬁh\éheé%&@ioﬁmeg wdsompiess peisel i ne.  38.
The net hod according to Caim23, further conprising the step of: isolating
the 25 section of conduit; and wherein the step of introducing the
treatment fldld i Ahomethed sagardingto Claim By whensipthesearier flyit conprisentyatenang t he

i sol ated secty 0 it . The nethod according to Claim23, further
conprigi ng t}t}l%eéé{a@%t%gbgﬁso%aﬁ%.the treatnment fluid to generate heat in the
conduit. 30 WD 2008/ 032067 PCT/ GB2007/ 003467 36 40. The nethod according to
G aim 23, further gconmprising the step.of displacing the . .treatnment. fluid
fromthe sec Itz'on 8&‘”53‘?%8‘3?‘%".9" .t°iﬁﬁéﬂb‘ﬁhef%ghe%w@?gﬁﬂd%%@%wgfﬁt ure of
a section of agdislifiet ol theaklehdedf the apidoduct i on or transmi ssion of

hydr ocar bon, the method conprising the steps of:

10 33.  The method according to Claim 31, wherein the acid is encapsulated with an

encapsulating material capable of helping to control the release of the acid.

34.  The method according to Claim 33, wherein the encapsulating material is a

material that releases the encapsulated reactant at a temperature above 120°F (49°C).

15

35.  The method according to Claim 33, wherein the encapsulating material comprises

polyvinyl alcohol.

36.  The method according to Claim 33, wherein the encapsulating material comprises
20 hydrogenated vegetable oil.

37.  The method according to Claim 23, wherein the conduit is a subsea pipeline.

38.  The method according to Claim 23, further comprising the step of: isolating the
25 section of conduit; and wherein the step of infroducing the treatment fluid into the

conduit further comprises: introducing into the isolated section of conduit.

39.  The method according to Claim 23, further comprising the step of: allowing the
treatment fluid to generate heat in the conduit.
30



(i) a carrier fluid conprising water; and (ii) a first reactant and a second
reactant, wherein: (1) the first reactant conprises a source of amoni um
ions and the second reactant conprises a source of nitrite ions, wherein
the 10 finghhRAslegnt and second reactant are capable of reacti ng t oget her
in an exotherm c chemcal reaction; (2) the first and sdCdfPFPYAIAt are in
at least sufficient concentrations in the carrier fluid to generate a
theoretical heat of reaction of at |east 1,000 kJ/liter of the treatnent
fluid; and 15 (c) a catalyst for the reaction between the first reactant and
the second reactant, wherein at | east sonme of the catalyst is suspended in
the carrier fluid in a solid formthgg is adapted to help control the

rel ease of the catalyst into the carrier fluid; and (b) introducing the
treatment flypd. i’IHeQnﬁhcﬁﬁﬁEér@iﬂ%‘ﬂf CRn g ifirtHes EshprRingtiiestep’S: BikRsHHGIthen - or
transm ssi on of hydrocarbaon. 42. The nethod according to Caim41l, wherein
at |east sonicaymetiflvidfiam thesection of paaduitj r st react ant and the second react ant
is suspended in the carrier fluid in a solid formthat is adapted to help
control the release of the reactant into the carrier fluid. 25 43. A nethod
of controlliAb t henredlodderdneeasig thetamperaime of @ aetian of esmduihused dortthe i ¢
reaction int roﬁ‘uc(ﬁ?ﬁrotg&}sﬂﬁswogbf{i oc%%ﬁ,qgex%?ﬂ?& bohh %mt 6 ?S‘{’P%%- of (a) mxing
at | east one“reactant of an exothermc reaction w % pol'yneric material,
wherei n the pol yneric n@t enicatiet Buid apapisegofatdypindg hydr at ed, and water, 30
wherein the proportion Q ter is insufficient to substantially hydrate the
WD 2008/ 032067 PCT/ GBzdﬁii/ \3%?36“?°*a%t7““§8ﬁ‘§fﬂ’é¢fe&°%t‘éﬁ‘i’%?- but is sufficient to
make the polyneric materiall)sti tikird eattahtRombriste a bhiecd cfagingdiiunh vhoaml mat ri x;

and (b) drying the mxtur ey 8t e BNAL A0S0 N0 L0 S AT Further

10 first reactant and second reactant are capable of reacting together

in an exothermic chemical reaction;
(2)  the first and second reactant are in at least sufficient
concentrations in the carrier fluid to generate a theoretical heat of
reaction of at least 1,000 kJ/liter of the freatment fluid; and
15 (c) a catalyst for the reaction between the first reactant and the second
reactant, wherein at least some of the catalyst is suspended in the carrier
fluid in a solid form that is adapted to help control the release of the
catalyst into the carrier fluid; and
(b)  introducing the treatment fluid into a section of conduit used for the

20 production or transmission of hydrocarbon.

42,  The method according to Claim 41, wherein at least some of at least one of the
first reactant and the second reactant is suspended in the carrier fluid in a solid form that
is adapted to help control the release of the reactant into the carrier fluid.
25
43, A method of controlling the release of at least one reactant of an exothermic
reaction into a carrier fluid, the method comprising the steps of:
(a)  mixing at least one reactant of an exothermic reaction with a polymeric
material, wherein the polymeric material is capable of being hydrated, and water,

30 wherein the proportion of water is insufficient to substantially hydrate the



the dried mxture in a carrier fluid; and introducing the carrier fluid with
the dried mxture therein into a conduit used for the production or
transm ssi on of hydrocarbon. 45. The nmethod according to C aim44, wherein
the carri er, L rises a 10 viscosifying agent. 46. The net hod

accor di ng PgagﬁgﬁﬁﬁﬁﬂP wherein the carrier fluid conpri $&3/GBAYAI4PHN ¢
surfactant. 15 47. The nethod according to C aim44, wherein the carrier
fluid conprises water. 48. The nmethod according to C aim44, wherein the
carrier fluid conprises water and the reactant is selected fromthe group
consi sting of water-soluble ammoniumions; water-soluble nitrite ions; and
any conbi nation thereof in any proportgzon. 20 49. The nethod according to
Claim 43, further conprising the step of. formng the mxture into pellets.
50. The nethod acggkhefidmbterislvat MsdBiciede kb pElyRRt flaterial Gickploieg to vary
in size 25 fromabout 1 to about 10 nm across. 51. The nethod according to
Cl ai m 43, wher ei nbindghageaciarpintica maEiki #dl conprises: a biopol yneric nateri al
or a derivative of,a b I hG. mMaterial . WO 2008/ 032067 PCT/ GB2007/ 003467
38 52. The nethodigccoégﬁﬁg%ﬁg&%#%in151, wherein the biopolyneric materi al
is selected fromthe group consisted of hydroxyl alkyl cellul ose, xanthan,

di utan; guar gum i J. . ! i | r .Jon. 5 53.
The prbduct rate. Byt RissSE Benlf @RAERR bRk o AlAe bl BV L LRRIRERE"
accordi ng to thd drighnd@iurd iumtcheter fhodpamid sitregucienibe patbefluidgithite gell ets with
an encapsul ati.n teri.al capabl e el pi.ng.to control t el ease of the
reactant. 10 r%‘§gmrl1”ﬁ%re %8&015@5%}58‘?{?5&?8%&“%}%% OFHEA OE%Y‘éfgcagﬁoélapsul ating
material conprises a water-soluble polyneric naterial. 56. The net hod
according to ai m 55, whereip the water-soluble polyneric material for
encapsul ati nd®i s &‘F wethad agep &tﬂglﬂ%pwﬁﬁﬂgﬁ%ﬁqaﬁ'&rﬁ“dpﬁ?WW‘ﬁﬁl al cohol s,
pol yvitpyl  154i@b& lagegpol yners, partially hydrolyzed pol yvinyl acetate,
pol yvi nyl pyrrolidone, alkyl

46.  The method according to Claim 44, wherein the carrier fluid comprises a non-

tonic surfactant.
15 47.  The method according to Claim 44, wherein the carrier fluid comprises water.
48.  The method according to Claim 44, wherein the carrier fluid comprises water and

the reactant is selected from the group consisting of water-soluble ammonium ions;

water-soluble nifrite ions; and any combination thereof in any proportion,

20
49,  The method according to Claim 43, further comprising the step of: forming the
mixture into pellets.
50.  The method according to Claim 49, wherein the pellets are formed to vary in size
25 from about 1 to about 10 mm across.

51.  The method according to Claim 43, wherein the polymeric material comprises: a

biopolymeric material or a derivative of a biopolymeric material.



cel lul oses, ethers and esters of al kyl cellulosics, hydroxy al kyl, carboxy
nmet hyl cel lul ose sodium dextrin, maltodextrin, water sol uble

pol yacryl ates, water soluble polyacrylam des, acrylic acid/ maleic anhydride
copol yners, conbi nation thereof in any proportion,. 20 57  The

met hod accgvg?%g&?§”61ain155, wherein the mater-solublepgaFVﬁgpwguﬁhteria
for encapsulating is selected to rel ease a reactant at or above a
tenperature of 120F (49C). 25 58. The product nmade by the nethod according
to daimb55. 59. A nethod of controlling the rel ease of at a catal yst of an
exothermc reaction into a carrier fluid, the nethod conprising the steps
of: (a) mxing the catal yst of an exotd®erm c reaction with a polyneric
material, 30 wherein the polynmeric material is capable of being hydrated,
and wat er, whi@r ei Tha¥Bethod 8¢cORMGH T TTRRBEFih ORSHi6Noly18&id ineatenal dpwiccicdn of
water is insyfficient to substantjally, hydrate.the polynmeric material but
'S suffici entiam i geup h%"“f)l&‘r“‘@ rihy podrondd @ﬁﬁy[ﬂ‘:elz‘{l?sékﬁ‘g?“é}x%e‘i%‘a‘bi BT S

cat al yst i nt @hBosamtifi kng, copdbihaliby ardll iy a@propetiod. xt ure. 5 60. A net hod of
making a solid material for controlling the release of a at |east one
reactant for an exotherm c reaction into a carrier fluid, the nethod
conprising thg. st &Rspro@ict nadd byiih¥imbehod af RAKAABICINMI43. @ binding material; and
10 (b) formng the mxture into pellets. 61. The nethod according to claim
60, wherein the carrier fluid conprises water and wherein the reactant is
sel ected frongt heTgr uiof Qsided 6@1%-49"‘&}tﬁér?c§&bﬂ§l£$e AR hd WS

wat er-soluble nitrite ions, and any conbination thefeof In any proportion.
15 62. The neifhow ecacpanlalinggnateriatrapable 6Ohelpipgiocontrolike Igleasti oighearaactant.al i s

di at omraceous

10 55.  The method according to Claim 54, wherein the encapsulating material comprises

a water-soluble polymeric material.

56.  The method according to Claim 55, wherein the water-soluble polymeric material
for encapsulating is selected from the group consisting of polyvinyl alcohols, polyvinyl
15 alcohol copolymers, partially hydrolyzed polyviny] acetate, polyvinyl pyrrolidone, alkyl
celluloses, ethers and esters of alkyl cellulosics, hydroxy alkyl, carboxy methyl cellulose
sodium, dextrin, maltodextrin, water soluble polyacrylates, water soluble
polyacrylamides, acrylic acid/maleic anhydride copolymers, and any combination thereof

in any proportion.

20
57.  The method according to Claim 55, wherein the water-soluble polymeric material
for encapsulating is selected to release a reactant at or above a temperature of 120°F
(49°C).

25 58.  The product made by the method according to Claim 55.

59. A method of controlling the release of at a catalyst of an exothermic reaction into
a carrier fluid, the method comprising the steps of:
(a)  mixing the catalyst of an exothermic reaction with a polymeric material,

30 wherein the polymeric material is capable of being hydrated, and water, wherein



earth. 63. The nethod according to Caim60, further conprising the step of:
coating the 20 pellets with an encapsulating material. 64. The net hod
according to Caim63, wherein the encapsulating naterial for coating the
pell ets cov\qﬁdm%ﬁ% resin-based material. 25 65. The method according to

d aim 63, whefer i tHe encapsul ating material for coati RGTGRIOGAIIET s
conprises: a material that nelts or dissolves at or about 120F (49C). 66.
The net hod according to O aim®60, wherein the binding naterial is a
polynmeric material that is capable of being hydrated. 30 WD 2008/ 032067
PCT/ GB2007/ 003467 40 67. The method according to C aim66, wherein the
polynmeric material for binding is capagble of being hydrated, the step of

m xing further conprises mxing with water, wherein the proportion of water

is insufficient teepadpokmntdfdateyishislfmiat fofsabmhmn@md@ate R pBIydlic but s
sufficient to make the polyneric material stick %'bln t he reactant

5into a matrix 681&tmﬁlé>uﬁﬁtSH%9&wat:t@@w@F%ppWamﬁe@el stiekyy torhetp bieshBei si ng t he

steps of: suspendigg stﬁﬂi@a&?ahiy@faﬁd ina carrier fluid; and introducing the
carrier fluid with t%e pellets ’therein into a conduit used for the
production or traf¥m s&yies tefmixyge.ocarbon. 10 69. A nethod of making a solid
material for controlling the release of a at least a catalyst for an
exotherm c reaction into a carrier fluid, the nmethod conprising the steps
of : (a) mxireg. a éanethedsaf muking acsobd melterigl fnedoatrollihg themeleasg 6f  W)ledsoonei ng t he
mxture into rga%lahte it01$ an exothermic reaction into a carrier fluid, the method comprising the steps
of:

(a) mixing a reactant with a binding material; and

10 (b)  forming the mixture into pellets.

61.  The method according to claim 60, wherein the carrier fluid comprises water and
wherein the reactant is selected from the group consisting of: water-soluble ammonium

ions, water-soluble nitrite ions, and any combination thereof in any proportion.

15
62.  The method according to Claim 60, wherein the binding material is diatomaceous
earth.
63.  The method according to Claim 60, further comprising the step of: coating the

20 pellets with an encapsulating material.
64.  The method according to Claim 63, wherein the encapsulating material for
coating the pellets comprises: a resin-based material.

25 65.  The method according to Claim 63, wherein the encapsulating material for

coating the pellets comprises: a2 material that melts or dissolves at or about 120°F (49°C).

66.  The method according to Claim 60, wherein the binding material is a polymeric
material that is capable of being hydrated.
30
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67.  The method-according to Claim 66, wherein the polymeric material for binding is
capable of being hydrated, the step of mixing further comprises mixing with water,
wherein the proportion of water is insufficient to substantially hydrate the polymeric
material but is sufficient to make the polymeric material sticky to help bind the reactant

into a matrix

68.  The method according to Claim 60, further comprising the steps of: suspending
the pellets in a carrier fluid; and introducing the carrier fluid with the pellets therein into

a conduit used for the production or transmission of hydrocarbon.

69. A method of making a solid material for controlling the release of a at least a
catalyst for an exothermic reaction into a carrier fluid, the method comprising the steps
of:

(a)  mixing a catalyst with a binding material; and

(b)  forming the mixture into pellets.



