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[ 0001] The invention generally relates to the nethods for warmng a
conduit used for hydrocarbon production or transm ssion to help
remedi at e pavéd 068/68047 bui | dup. More particularly, the gdiwanbdRRier
relates to formng a treatnent fluid with reactants that react
exothermcally to produce heat in a controlled nmanner and i ntroducing
the treatnment fluid into 10 the conduit to warmthe pipeline. The
heat can be used to. help renove paraffin wax deposits. BACKGROUND

[ 0002] Hydrocarbon, such as crude oil, for maki.ng various grades of
fuels and oils, is produced by drilling wells into the earth, either
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| owering oil production and interfering with transportation. [0004]
Paraffin wax deposits are typically made up of linear, saturated
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[0002] Hydrocarbon, such as emde oil, for making various grades of fuels and oils, is

produced by diilling wells into the earth, either on land or under sea. Crude oil contains many
kinds of hydrocarbons, including paraffin wax.

15 [0003] Paraifin 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 Cyg to Cg) adrmixed to branched hydrocarbons, asphaltenes, water, and inorganic

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

[0005] The phenomenon of the deposition or precipitation of solid paraffin wax comsiituies
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 &eposiﬁon mechanism depends on pressure and temperature.
Generally, lower pressures tend fo imcrease the cloud point temperature, The cloud point
temperature range of several waxy crude oils is such that the wax cen precipitate even on the

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



25 hydrocarbon of paraffin wax is dissolved in | ower~nol ecul ar wei ght
hydr ocar bon, which functions as a solvent for the paraffin. [0006]
The paraffin wax deposition nmechani sm depends on pressure and
tenperature. Cenerally, lower pressures tend to increase the cloud
poi nt terrpera‘;“gre. The cl oud point tenperature range of several waxy
crude oils is ed¥H* %At the wax can precipitate even ORCTAB20BMU3467
formation face as well as within the formation throughout the
pressure reducti on phenonmenon WD 2008/ 032067PCT/ GB2007/ 003467 2
whi ch normally occurs during the useful life of the well. The
| owering in production rate can be wongly attributed to the
reservoir depletion, while many tinmes at is due to the formation
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0 are usually much higher than 120°F (49°C). But paraffin wax tends to precipitate from crude oil

s waxy solid deposits when the pressure and temperature is lowered as. the hydrocarbon is
produced and as the crude ol cools down.
f0009]  After the hydrocarbon flows from a subterranean formation at relatively high
temperature into the production tubulars of the wellbore, it is trangported through the tubulars of
15 the wellbore to the wellbead. Further, the hydrocarbon produced at the welthead must be
transported to a refinery to be processed and separated into various components, e.g., to make
various grades of fuels and ojls, The most common method of transporting hydrecarbon 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 flnid 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 temperatare 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 inmer walls of the production tubing and pipelines. This can be
particulatly problematic in subsea pipelines because the surrounding water on the seafloor is
very cold, typically about 39°F (4°C).



tenperature into the production tubulars of*the wellbore, it is
transported through the tubulars of 15 the wellbore to the well head.
Furt her, the hydrocarbon produced at the well head nust be transported
to a refinery to be processed and separated into various conponents,
e.g., to make various grades of fuels and oils. The npbst comon

met hod of tr aNQH8¥BRHKG hydrocarbon is through pipel i nescr¢obRhssBut
as crude oil flows through the production tubulars fromthe

hydr ocar bon-bearing 20 formati on through the well bore toward the
surface, the surrounding tenperature of the wellbore tends to decline
toward the surface, allowi ng heat to dissipate fromthe fluid and
causi ng the hydrocarbon fluid to begim to cool. Further, as the crude
oil is nmoved through cross-country pipelines, it can |oose heat
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Al so, song ﬁ,rgﬁgesg%kggd_t he paraffin deposits wll release fromthe
inside wall of a pipeline and cause a bl ockage. Such a bl ockage can
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to clean a:mppxp@bmnﬂp betdad el ipigg whidk is used to force the pig through the pipeline, But if

25 paraffin buildnp 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 farther movement of the

pig. In other words, as more and more paraffin is seraped 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 nat

enough to push the pig aud all the acourulated paraffin further throngh the pipeline, at which
30 point the pipeline is plugged.



20 renoving paraffin buildup, is to run a nmechani cal device through

t he pipeline that scrapes the inner wall of the pipeline and pushes

t he paraffin t hrough. This type of nmechanical cleaning device is

called a "pig" because the scraping of the inner wall of the pipeline

makes a trenendous squeal ing noise. The pig is normally driven

through the pPBéY%¥PRYBy a rel atively high punping pressuteshehing, t he

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 noves forward it will collect so nuch paraffin in front of' the

nmoving pip that it blocks any further novenent of the pig, In other

words, as nore and nore paraffin is scfaped off the inner walls of
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[0019]C}gan| solvent§ fke hot éylene are able to dissolve paraffi
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[0020] Numerous aftempts have been made to remediate peraffin wax buildup in

25 hydrocarbop-bearing subterranean formations and in conduits for the production or transmission.
of hydrocarbon.
[0021] 1In 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 inifiating production
from a gas well which is kept from producing by the hydrostatic pressure of the lquid it

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



not the inorganic materials in the paraffin wax deposits. [0020]
Nunerous attenpts have been nmade to renediate paraffin wax buildup in
25 hydrocar bon-beari ng subterranean formations and in conduits for
the production or transm ssion of hydrocarbon, [0021] In U S. Patent
No. 4,178,993 issued Decenber 18, 1979 to Edwin A Richardson and
Ronal d P, SchEREYHER t he abstract describes the di scl BEuGRIESAST
nmet hod of initiating production froma gas well which is kept from
produci ng by the hydrostatic pressure of the liquid it 30 contains,
by injecting an aqueous liquid that contains reactants which form
nitrogen gas wthin W 2008/ 032067PCT/ GB2Q07/ 003467 5 the well or
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to Edwin '%row ca se?ecg cst %mperat%re increase within. a selected portion of the reservoir.

[0024] 1In 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 alterpating slugs of it and 2 liguid oil solvent into the zone to
be treated. Further, this patent discloses that the solid materials that plug such fluid passageways
are ugnally 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

whi ch are both plugged and subnerged within relatively 25 dense brine
that can be contacted with heat and oil solvent by arranging a
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flowng alternating slugs of it and a liquid oil solvent into the
zone to be treated. Further, this patent discloses that the solid
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and oil-solvent-soluble materials, such as paraffinic and/or
asphaltenic 30 solids. The fluid contains enough total dissolved
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permitting introduction of the components into the isolated length prior to completion of any

20 significant portion of the reaction required fo effect temperature melting of the paraffin deposits.
In a preferred form, a crystalline modifier may be incorporated into the hydrocarbon solution.
Afier 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 pitrite in a concentration ranging from between about 3 to about 10 molar; and

25 ammonium nitrate in a mole concentration approximately equal to that selested for the sodium
nitrite.

[0027] A paper by J. P. Ashton et al, entitfled “In Situ Heat Systern Stimulates Paraffinic
Crude Producers in Gulf of Mexico,” in SPE Production Engineering, May 1989, p. 157-160,
describes the thermal stimmlation 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



20 significant portion of the reaction required to effect tenperature
melting of the paraffin deposits. In a preferred form a crystalline
nodi fier may be incorporated into the hydrocarbon solution. After
treatment, the solutions containing the dissolved paraffin are
renoved fromthe isolated conduit section. Further, the patent
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sodiumnitrite in a concentration ranging from between about 3 to
about 10 nolar; and 25 amoniumnitrate in a nole concentration
approximately equal to that selected for the sodiumnitrite. [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
Producti on Engi neering, May 1989, p. 157-160, describes the thernal
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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 wates-
in-oil nitrogen generating emulsion system, which comprises the steps of: (a) preparing an
agueons solution of NH,Cl having a concentration of from 4.0 to 6.0M; (b) preparing an aqueous
25 solution of NaNQ, having a concentration of from 5.0 to $.0M; () preparing an organic solvent
mixture to achieve the hot dissolution of the paraffinic damage; (d} adding an emulsifier to the
organic solvents mixture so that the concentration of emulsifier in the mixture comprises
between 0.5 to 2.0%; (€) adding acetic acid 96% to the NH,Cl solution; (f) adding 50% of the
emulsified organic solvents mixture of step (d) to the NHCl and 50% of the mixture to the
30 NaNO; solution obizining thus a NH.Cl emulsion and a NaNO; emulsion respectively, both



t he dewaxi ng of producing formations. The heat generation with the

ni trogen reaction system 20 and organic solvents gives rise to a

t henno-chem cal, synergistic systemfor long |asting renoval of
paraffinic damage, oil production rates being restored and even

i ncreased. The patent nore particularly describes a process for the
dewaxi ng of py@slGesR@, for mations by neans of a water- | i i.a%w?.rrbiu .ogen
generating enul sion system which conprises the steps 0 a

prepari ng an aqueous sol ution of NHACL having a concentration of from
4.0 to 6.0M (b) preparing an aqueous 25 solution of NaNO2 having a
concentration of from5.0 to 9.0M (c) preparing an organi c sol vent

m xture to achi eve the hot dissolution of the paraffinic damage; (d)
adding an enulsifier to the organic sd vents m xture so that the
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[0029] InU.S. Patent No. 5,484,488 issued January 16, 1996 to Paul R, Hart and Michael J.
Brown, the abstract describes the disclosure as methods for removing paraffin wax deposits from
the surfaces of oilfield production equipment during oil production by melting and subsequently
dispersing the deposits. These methods utilize an acid compound and a neutralizer compound
10 which react exothermally to melt the deposit and form a dispersant to remove the melted
fragments of the deposit.
[0030] In U.S. Patent No. 5,639,313 issued June 17, 1997 to Carlos Nagib Khalil, the
abstract describes the disclosure as a process for the themmo-chemical dewaxing of a
hydrocarbon fransmission conduif, which comprises, after assessment of the conduit internal
15 effective volume, treating the wax~containing conduit with a water-in-oil emulsion, co-currently
to the production flow. The emulsion contains inorganic reactants which generate nitrogen and
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 exothenmic reaction between ammonium, chloride and sodivm nitrite in 4 fused chemical
reaction (FCR) system. The fimed release was obtained by encapsulating the acid-catelyst 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



NaNO2 enul sions, formng a mxture of ecadnolarN LICl and NaNQO2
anounts thus initiating an‘equi nol ar reacti on between the conponents
m xture, this m xture producing nitrogen and heat, . while pHis kept
between 4.5 and 5.8; and (h) after the punping of the treating fluid,
displacing 5 it fromthe well by means of an overflush with an
aqueous sal i MEC PPUPHST [ 00291 In U.S. Patent No. 5,484, HSBGH2EILEd6?
January 16, 1996 to Paul R Hart and M chael J. Brown, the abstract
descri bes the disclosure as nethods for renoving paraffin wax
deposits fromthe surfaces of oilfield production equipnent during
oi | production by nmelting and subsequently dispersing the deposits.
These nethods utilize an acid conpoun@ and a neutralizer conpound 10
whi ch react exothermally to nelt the deposit and form a dispersant to
renove t hemdraitroged trioxide eefopsnigdsapine Thepoisiktion hOGBTEHerTeacti®. waRmBhto Hso.
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by encaps %@1& bd! gm%’ct]%d %Cﬂrgﬁi&ae;[ s%LQfa%%iallaQ:ount of effective heat in-situ, This large amount

15 of effective heat is sufficient to soften and melt the wax deposit. The model for the FCR system

in flow conditions was also extended to apply in a typical sub-sea pipeline,
[0032] In U.S. Patext No. 6,939,082 issued September 6, 2005 to Benton F. Baugh, the
dbstract describes the disclosure as 2 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 bave formed on the inside of the
pipeline.
[0833] In European Application No. EP$8300454 published January 4, 2006 having for
named inventors Celso Rodrigo De Souza and Carlos Nagib Khalil, filed Janwary 22, 1998 and
25 entitled ‘“Tmproved 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 peraffin
deposit and to generate nitrogen gas and heat from the reaction of said oxidizing nitrogen salt

30 and said reducing nitrogen selt; and (c) removing the fluidized paraffin deposit from said



25 gelatin capsules then coating the capsules with a water-soluble
pol ynmer. The highly exotherm c FCR systemis denonstrated to be a
feasi ble solution for the billion-dollar problemof paraffin
deposition during crude oil production and transportati on operations
in sub-sea pipelines. Studies of the exotherm c reaction in an
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changi ng the concentration of the reacting species, not by changi ng
the reaction 30 pathways. The rate-limting step involves the SN2
reacti on between aqueous nol ecul ar ammonia WO

2008/ 032067PCT/ GB2007/ 003467 9 and nitrogen trioxide to form
nitrosarcine. The activation energy ofsthe reaction was foundto be
about 65.7 ld/raol experinentally, whi ch conpares very favorably
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[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 camier fluid; (if) a
iirst 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 conceptrations in the carrier fluid to penerate a theoretical heat
25 of reaction of at least 1,000 kI/iter 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 info the carrier fluid. The method further comprises the siep of: introdueing the

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



20 circul ate seawat er whi ch has been heated electrically, ;
mechani cally, or chemcally across the outer surface of the pipeline
to nelt hydrates or paraffins which have fornmed on the inside of the
pi peline. [0033] In European Application No. EP98300454 publi shed
January 4, 2006 having for nanmed inventors Cols Rodrigo De Souza and
Carl os Nagi b Wpalog#s206fi | ed January 22, 1998 and 25 ent pé@shogrlbad;0ved
Met hod for the Therno- Chem cal Dewaxi ng of Large Di nension Lines, the
i ndependent claimis for a nmethod for-the therno-chem cal dewaxi ng of
a hydrocarbon transm ssion conduit containing paraffin deposit, said
met hod conprising the steps of: [sic] (b) maintaining said emulsion
in said conduit under conditions suffjcient to fluidize the paraffin
deposit and to generate nitrogen gas and heat fromthe reaction of
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t he comprises the steps oft (a) mixing a reactant with a polymeric material, wherein the polymeric
' material is capable of being hydrated, and water, wherein the proportion of water is insufficient
10 to substantially hydrate the polymeric material but is sufficient to make the polymeric material
- sticky to help bind the reactant into a matrix; and (b) drying the mixture. The method preferably
further comprises the step of: forming the mixiure into pellets,
[0032] According to yet another aspect of the invention, a method is provided for controlling
the release of a catalyst of an exothenmic reaction. into a carrier fluid, the method comprising the

15 steps of: () mixing the catalyst of an exothesmic reaction with & polymeric material, wherein the
polymeric material is capable of being hydrated, and water, wherein the proportion of water is
insufficient to substantially hydrate the polymeric meterial 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 fo yet another method of making a solid materal for controlling the
release of a at least one reactant for an exothermic reaction into a carrier finid, 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 2 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 van have a viscosifier to help suspend the solid form of the reactant or

containing the reactant.



tenperature of a section of conduit used for the production or

transm ssion of hydrocarbon. The 10 method conprises the step of.
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first reactant and a second reactant. The first reactant and second
reactant are selected for being capable of reacting together in an
exot her m ¢ cheé@gsdsziseacti on; and the first and secondpégggﬁﬁﬂkuére
in at |least sufficient concentrations in the carrier fluidt

generate a theoretical heat of reaction of at |least 1,000 kJ/Ilter of
the treatnment fluid. At |east some of at |east one of the first 15
reactant and the second reactant is suspended in the carrier fluid in
a solid formthat is adapted to help %Qntrol the rel ease of the
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20 [0040] According to yet another method of making a solid materi al
for controlling the release of a at | east one reactant for an
exothermc reaction into a carrier fluid, the nethod conprising the
steps of: (a) mxing a reactant with a binding nmaterial; and (b)
form ng the mxture into pellets. A simlar method can be used for
hel ping to comsfodostdee rel ease of a catalyst for an exgiher 2597@3 .
reaction into a carrier fluid. 25 [0041] As used herein, a L3I
means and refers to a formof material that is at least initially not
dissolved in a fluid. The solid is preferably in the formparticul ate
or small pellets that can be di spersed and suspended in a carrier
fluid. The solid can be encapsulated in a solid form The carrier
fluid can have a viscosifier to help Eﬁspend the solid formof the

react ant ntai ni.ng .t he reactant .
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adapted to 5 contro the initial release_of reagent into
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t he reacta ts, respectively, which hel ps control when the heat of
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several examphes of the present inventions. These draw ngs together

with the descri ption serve to explain the principles of the
i nvent i ond8058he %gl&'ﬁﬁﬁ@% gra;?beshgsﬁlp%,mpaqnmlmheat generation that can be achieved with

one of the reactants in the form of solid, undissolved struvite with a chelating agent to help

or soI

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 confrol 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 conirols the release of ammonivm ions over time for reaction

with nitrite ions already dissolved in the solution; and



25 illustrating preferred and alternative exanples of how the
i nventi ons can be made and used and are not to be construed as

limting the inventions to the illustrated and descri bed exanpl es.
The vari ous advantages and features of the present inventions will be
apparent from a consideration of the draw ngs in which: [ 0047]

Figure 1 is awerwpbizésred schematic of an offshore platf
production having a 30 pipeline to the shore that is aﬁ/?}é{ljwwﬁd

bl ocked by paraffin wax deposits; WO 2008/ 032067PCllOBZOO7/ 003467 13
[0048] Figure 2 is a graphical representation of a guar-bound
reactant, which can be generally spherical, other shaped, or an

i rregul ar-shaped pellet, and a guar-b%lnd reagent that also has a

pol yvi nyl al cohol coating which dissolVes in water at about 120- 150F
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[0057] “Paraffin,” in a broad seuse, is also known as alkame, a class of aliphatic

20 hydrocarbons characterized by a straight or branched carbon chain; generic formula CyHaps0.

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, Bd, Richard J. Lewis, 2001, p. 835.
[0058] “Paraffin wax™ has the properties of being a white, translucent solid; tasteless;
25 odorless; combustible; consisting of a mixfure of solid hydrocarbons of high molecular weight,
e.g., CygHy. Paraffin wex 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, tarpentine, carbon disulfide, and olive oil; insoluble
in water and acids. Hawley's Condensed Chemical Dictionary, 14% Edition, Bd. Richard J.
30 Lewis, 2001, p. 835,



slowy dissolve the struvite and thereby rel ease ammoni umions for
reaction with NaNO2 al ready 25 dissolved in the solution; 100531
Figure 7 is a graph show ng the control in heat generation that can
be achi eved where amoni um chloride is first inpregnated on

di at omaceous earth and subsequently coated with a resin-based sl ow
rel ease agentWYHAY32%htrol s the rel ease of ammoni um i orGIGRzeTI0LSETE
for reaction with nitrite ions already dissolved in the solution; and
WO 208/ 032067PCTI GE2007/ 003467 14 [0054] Figure 8 is a graph of a

del ayed exotherm c reaction process wherein an exothermc reaction is
del ayed before it begins by a del ayed rel ease acid system but the
subsequent reaction is not otherwi se gontrolled. . DETAILED

DESCRI PTI ON OF PREFERRED EMBODI MENTS 5 [ 0055] The invention provides
for new ng¢068iis Aomseddnrteim|thel sodpbdity ek stiefamiecs mamdemtrpﬁbm.ixaatsatmahﬂrent
fluid, whi f 0 of
par affl n g’lnm% ﬁﬁbyiﬁlﬁg(}%ﬁ u?tgégéﬂﬂlgst‘gé?flép%gdlr car on&p%gvg?}c |onﬂgr
transmss |°9¢$idcf¢¢1 FI?}Olpté? afhe spliidligoisisprhesime e?éld@ "qquilibivgu exdebility” Urbesney the.
flow and ypdetwext sroﬁ%s@w@aﬁa @@@odue‘@&s oﬁsgluﬁ&fmé &h 2DhREBARRE, T he.

plpellnes as_previously discussed and as illustrated in Figure 1. 10
[ 0056] "AA9060] 5 As Mesd e pginothe aprerded; skainy dheo pords TERSTREIE. O hes,” and
relativel y‘mblu@ah a4 110 AkhrBdtic MRk iibns AL He sith HRAIBI L EHRE kdpel, Qo Bitng
generally sim in con%g%éédéon ]t fats and oils except that it

cont ai ns ﬁﬁa‘ﬂ?%/‘g%fj?edﬁgt ex frogaljs: GH‘F’B%‘XFEB%S others are esters of
fatty aci geosdhd Ad awhbdsin, s sudhre “ﬂﬂsa&s@&e&mngetaﬂwmkﬂma@sd Wibixes
consi dor o8ty s B GipSellat shith B 8- RBle ol PR 10 BBt BuacBlch Bl |
r epel | eHt words (s’ land émom’ eserve wtheoxmmsﬂz gmd aferr@ém!mfthememde@np@nabl e

odor and QR et iEMnAhSe GORRSIEL m&aoamﬁat %v&e%&%sg 5?&:@%5 bfirst” and

properties; soluble in most ore\%gnl c solvents;
maj or type3‘36‘¥13‘5\/\5t7$?S 7§ regpiFethatitherag oy sl @W@%ﬁ%ﬁé@&um@aﬁbﬂ@ 18
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In a narrower” sense, 0 para
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disulfide §%Ilvetg floll()m (g ,fij (E ter and acids. Haw ey's
Condensed ™ S B T onarsY R q‘f:adontl on, Ed. Richard J. 30 Lew s,
2001, p. 835.
25 8

NH4Cl(ag) + NalNOCs(aq) we---—--re-> 2H;0 + NaCl(aq) + No(g) (Ea. 1)

[0D85]  The theoretical heat of reaction for the reaction shown in Equation 1 is -334.47
30 XkJ/mol. It is expected that preferred concentrations would be 5 - 8 Molar in water of each of the



WD 2008/ 032067PCT/ 6B2007/ 003467 15 [0059] As used herein, the
solubility of a substance is its concentration in a saturated

sol ution. A substance having a solubility of less than 1 g/100 zol,

of solvent is usually considered insoluble. The solubility is
sonetinmes called "equilibriumsolubility” because the. rates at which
sol ute di ssolwegngnesi s deposited out of solution are pgM@b@hpddd S
concentratlon 5 [0060] As used herein and in the appended cl al s,

the words "conprise,” "has,"” and "include" and all grammti cal
variations thereof are each intended to have an open, non-limting
meani ng that does not exclude additional el ements or steps. [0061] As
used herein, terns such as "first" ? 'second" are arbitrarily

assi gned and are nerely intended to d terentiate betmeen two or nore

react ants. . Jobid Sirh & %ﬁ MBdeLAL &%rgﬁ%t acltdngn&e%ﬁ%EQ? abo Esr /S wé@ﬁi For

"second" serve no ot purpose and are
descri pt i dhespreagumis 3t dhe F%mfﬂh'a’flﬂl!ir thh deprpticel haat enesgvtﬁ@t 19@1 hmmmf:bw behat

that the rgkQaER f&fow& N3t ﬁf/ﬁx@le L Skudlesi@) A - 1B XNREr. 190 ERaphRhre it ©
that there be an% hi rd" urt reactant, althoug Fhat

possi bi | i togrding ﬂ?%%?b?%’f“@’if IgrRTERfIL %ép@&s&rﬁéﬁ FPeiH %ﬂ@st@?houﬁ NG&HERon.
[0062] ThecCnetbaesr, am Qheiiuy rdabrich e ki@ Ste Hrockddv &N high) ratd, llhicR@as been
describedtﬁéﬂﬁgfer ng to and 15 show ng vari ous exanples of how t he
i nvention e and used. [0063] Preferably, the process wll:
(a) be deliadesfl i h is believednthat the prajpdigpcel the atat fitthik rabioar beawesil fafvinchi@nt
tinme to d r | of 2 condu;t t
%hjnﬂtﬁ% anl gb% LIH At Hl#e tI) {hlé tfog b&w&?e%(ﬂ% n?t%tcban% grumoniyny 1onsb | "I%ui{e d

treat ed ave para e Su
by par af f iiis be&n‘ad (h@; owa@mpmms@@ﬁwebmﬁmmwld @ruseﬁﬂ fbr@asxﬂﬂabmﬂ 2

hours apgl :Bl@he T Akl CrIgRRUA Sodhn QS nob BRE, GRYmb ?%L-éﬁﬂy %Q%er}ehne

to 20 inpart the heat to the paraffin and cause it to at |east
sof ten, adtiPHeferably nelt. [0064] According to the presently nost
pref erred [(e087pdi ARbidin@fo bdtQisieBrE e pRknt iRt lRbk@ie RO LdVYE bt one

reaction an acid.catalyzed reaction hetwe n ammonj um chl ori.de and
sodi ulm ni ![ tl’[eéeacﬁlgtsémﬁ\ﬁﬁ“%/fz'?’?ﬁ%%%%lc‘:’m ﬁtf m%ﬁa?éﬁgﬁ%ﬁabﬁl Iffa‘ %55 H+

reaction energy is released over a period of time instead of as an energy spike. Tt should be

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
maferials 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 comtrol over the exothermic
reaction, According to this embodiment, Figure 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 alse has a polyvinyl slcohol coating which dissolves in water at



NHACl(aq) NaNO2(aq) > 2H20 NaCl(ag) N2(g)(Egq. 1) WO

2008/ 032067PCT/ GB2007/ 003467 16 reactants with an acid (e. g;; acetic
acid.or citric acid) concentration of about 3% by weight. For these
readtants at this concentration, the theoretical heat energy that can
be generated can be calculated as follows: (-335 Id/nole) X

(nol es/ |i terwoaeshiedty kJ/liter. The tenperature in thegeeoMshkions
starting at standard tenperature and pressure i s expected to go up to
about 200 F (93 5 C). However, this chem cal reaction is known to
proceed at a high rate, which has been difficult to control. [00 66]
It is believed that the majority of the heat of this reaction between
ammoni um chl oride and sodiumnitrite 1 due to the reaction between
the nitrite and ammoniumions. Thus, It is believed that other

aNMON| UM Skt £0ABEeQUeHCAlblch b 8kdho AUl DEUSRI D b 0 lens of
exot herm c reaction. Ammoni um chl oride and sodiumnitrite,

however, apeorgigeeIproasiént |y nost preferred reactants. (0 O
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Ayl
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rel eased @wrably thesibachtiafy PMerreacianisit £madallyfin elid foranestgyars pidgeratule tind
shoul d be 15 noted ft.hat.the.control of' the, mxing of e eactants
e ot o PP FoodtR iR, PO R S it Fheth b R T REN 0 b o
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materi al s . C | rai . | of
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sol i d nat tdgrtherantra sslidheraixnbieh ican thphhg foredpitogaiel pelivie Thesr ealsts 59
the reagf akequaly 478 iSh AWniebRA LA SRCHEAGIAIYS hoiR o RHAMHAS, rdiuce the

controlled reaction fqQr heat geperation. . )
moishire content and to obtg'n th% fpn proéuct Tn addition to acting as a binder, the guar-

bound dry matrix also acts as a vehicle for a slow release of the reactant salt into solution, The
size of these pellets can be varied as desired. Preferably, the pellets vary in size from about 1 to
about 10 mm across.

15 [0072] According to another and further example according to the invention, as shown 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 Ieast some of a gnar-bound reactant, which can be used
to 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 encapsulafing material can be slowly dissolvable in one of the components of the
carrier fluid, or semsitive 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.



100691 According to another enbodi nent of the invention, at |east one
of the reactants can be encapsul ated with an encapsul ating materi al
to forma solid capsule for the reactant. Again, the slow rel ease of
a reactant can provide a controlled reaction for heat generation

[ 00703According to still another enbodi ment of the invention,

enbeddi ng at W’ga’%"”@ﬂfé of the 25 reactants in a solid peiEkxeasRsDe
further conmbined with encapsul ati on of at |east sone of the reactant
that is enbedded in a solid matrix to provide additional control over
the exotherm c reaction. According to this enbodinent, Figure 2 is a
graphi cal representation of a guar-bound reactant, which can be
general |y spherical, other shaped, or g@n irregular-shaped pellet, and
a simlar guar-bound material that also has a pol yvinyl al cohol

coating Wrtom;dl asaﬂz vmpuerbﬂ/maeﬁaathar wb%QQJMQ%Zﬁ@IWﬂQ%QQJ%@?
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pressure, 1gurg]. Sele T Dk chSvinHSLonlest iPheRQleldlitoh & gaaﬁmcﬁ&wﬁb@smcan

be hydrated e_anount_ of water i1s Insufficient t st ant

hydrat e t Re2BRia % oicrd e mprstents dn 38pii fompoan e svas-benpd dNalNRe mgwmpqn@ols
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The size Qfesdhfinigehehdi€ts can be varied as desired. Preferably, t he
pellets vary in size fromabout 1 to about 10 nm across. 15 [0072]

Accor di ngl Q% Shnofiger 4apa cPrrFrR Erapk shopng 2a cosreten prynbinsd temetapyraniefilon,
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or sensi t Pelope BMENaREnding Tpiteriste frrorttplive dis relsk pbpRpeditthe rerctants in a

sensi ti ves&ha f@xﬁh k£ EQABEunt Nxdn@ENBRAY, Wr ©MAE-BRA4 NS, DeBXRARLERS hé
material t an .be used for encapsul a reactant that is 25
\PE °’b§’é%35’gl

slowy di Leaie B]l ite Ie}lﬁ PYE gwe AL ogau@darf.si adyy dissolved in the
encapsul at;uhngn mas Gh’owalm F@metdos%rbydle@wf\ﬂaﬁamdar ageiad saogiel wboedl he a

cataly f .The chitos terial cap be |

suspen gztejdr I ha tf‘\(E/)?hsd cost %t((:’ SFPeREHHLD ug\ﬁgcpn'f]?‘fep P F%cﬁté"nacﬁly
t he chit o¥ae ¢ach gﬁtbﬂswma“lﬂio aqmeabatsé @niadied|ths telaasel of frewolid foknelNCg ireo
delay in jnihdal iRoh e §:830bédal o provide the slowest release of the three tested materials

with an incomplete release, i.s., residual Jumps 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 NHiC] in the presence of acetic acid. Finally, the CMC



WO 2008/ 032067PCT/ GB2007/ 003467 18 [0075] As an exanple of a material
that can be used for encapsulating a reactant that is sensitive to an
increase in tenperature, exanples include polyvinyl alcohol or

hydr ogenat ed vegetable oil. [0076] Any of one or nore of these
various techni ques can be used, separately or together, to 5 help
control the reP@ag®206T a reactant. [0077] Figure 3 is ecge@phosion ng
the control in heat generation that can be achi eved where a sanple
with one of the reactants in a solid formas a guar-bound NaNQO2
matrix that controls the release of nitrite ions over tine for
reaction with ammoni umions al ready dissolved in the solution. In
Figure 3, a first |line shows the cha in tenperature over tine for
an uncontrolled 10 or fast reaction of aqueous solution phase

reacti ons s9f nibddr Nht&ﬁ@aewea the BMadlaNER sd1i férﬂ@IaFKE &@ﬁaq@fmﬁﬁ@ﬁ@p@u@cﬁa d.

A second |ine shows the ch inte ver. ti
control | edv0Rety GRPE AT tHewst I&a%&s @%ﬂ 1eath 5 ey g‘ﬁﬂ‘” FAER1,0 b
guar - boundoMﬁdﬁﬁn biitwd brem{pe eSw@ricAsiedalspis etpededro belusefadfdr Blpifi Gubwrolith s a

concept uaI 'on 1! e orrbsl enper at ur e Ofl | e

(1) over t| rre Eﬂ %%f%rraptag %goe%n gaeulg'eﬁsgpg iél@dpur%cgf’su?n ch?né
into an aduediss @wwrmﬂ?&emmerhmdmmtemm um chl ori de and
sodi um-ni {Fdgof rﬁégfd{ngq%yémﬁftﬁ'er Smbdafuitht Jaf‘tﬁbem{}e‘ﬁ {4 avéd*}a;a &%{f‘e%?e

in terrper ature due to e rel ease uar - bouind r eact a
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an ir se e vera erature_ o e
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the rel eagd’. ohs shirtileiig lmown trsbeomiubbumﬁatérdwwpwdm whwbigiin keidaavbtipngamd ons
al ready digSbo@nloRsddifis £ b 1o BSerBRUIYY B Folleturduing Yoltls LI ONt

of the bi material was tested to contr rel ea 1 i d
f or m NaNOgitticnteis, £pdivrg palbu sl §%T1Eﬁ3ﬁ‘élﬁm6fmf¢w¢1° piid (O TEY Os athish bird epet i c

aci d. Wi hRxea6h tkfesy hraeny Bl Rlid ﬁ'at%xt By s@mnﬁigeﬂé @c%céiﬂﬁﬁoﬁ%ﬂh@dheﬁaﬂﬁ‘g
rel ease of the solid form l&\ﬁ‘é\(% %n ueou g sol UtIO‘Q t he gﬁ
appears t 85p &5 pasbifde &g 8 “3‘3’5 ol HFel Rt diy HaPERL s
with an i @mﬁﬁdnetl’f@ure& Bagenph Bho@ing ﬂte&ﬁ:klﬂahﬁlhedtgeﬁamaﬁhithm tenchiokd wite
test peri nfi (ﬁ-lt-he e aa{s %&c%gﬁc{ unr@stlsgl%dastrua{c ?38 cgel n‘%%e% Osﬁg%rll ete

rel ease o form nt'o an aqueous

reacti on isgolve tthe sihiviss endy BgrebiHreltase] ammdninnpices é:ncreacmn aabﬁ*iﬁoa@mdy

Fi nal | y,q @/&ﬂl\ég 280081032067PCT/ GB20071003467 19 as a bi nder

mat er i a'l BJQ% taheure ease of the solid form NaNO2 into an aqueous

sol ution Bl9131 Pasrding e Hit [2otes SEPWimt oty Hvedtan the WHL is hquod ito a
ex pected Edaﬁtforﬁ@q@or@;mﬁm@ z’altmsi@ﬁboaﬁigﬁmamcm; inRr | Rakdi@hclhs t WO
nor e of uch%,gaterlals ‘%F’% g ﬁe useful _for helplngto
cont r ol PRY pigsegnegly epated I""‘I“B AP é‘@f”é 2% Y aMPe RS §€° ¥t i on
for the pum pesesigafe Tibh e pppieshening the bontralih the Releatdlod minsnift ReMiet §ind the
st p rz%f 1%%:':’11%9 WB g‘ﬁer jons: %gdyad.lis'solved in a test solution in the presence of acetic acid, which
helps confrol the fiming 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 M NH,C1 with 5SM NaNQ; 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 NH,C] with agueous



[ 0080] According to yet another enbodi nent of the invention,

undi ssol ved solid struvite is used. in place of anmmoni um chloride in
the reaction shown above in Equation 1. St-invite is a nmagnesi um
anmoni um phosphate and acts as a source of ammoni umions. Magnesium
anmoni um phosphate (1vlI gNHAEO4*6H20) is a white powder, density 1.71,
mel ti ng poi ntwe@ug/cle@monposes t o magnesi um pyr ophosphat

soluble in acids, insoluble in alcohol and water. Haw Sgwggéogﬁ”g%%ﬂsed
Chem cal Dictionary, 14111 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 dissolution of stravite is al so
known to be enhanced by the presence chelating agents (e.g., citric
acid, sodiumsalts of ethylenedi am nef et raacetic acid ("EDTA")),

whi ch bi ndj; \NeS] h eaking the.solid matrix. .B
control | i E\hé&tglﬁeg %%i\%t%‘#%&og%ﬁé ag{?eﬁ%%?’f‘%é‘ ”é%‘é‘ﬁ‘f”? Ygp 3fa§"ep6fs@i°%l'e
to cont rol14PHe Alihird dineishoms thyf chenten dnvictmperatvrd with R 6% ty wogitt radapsuhaton @t e
of heat g I [ i i in_heat
Genor at i on toa ey STl o Sele O AN 100 R TE o O PR
of soli'd, WPRIFEELT Ry P Vrigh capaepulationnf NEkClrepchine mmatiue| taqylesature of

di ssol ves tabaut sd°ravi t e and t hereby rel ease ammoni umions for reaction
wi th Na eagy 2Q dissolved [n the solution. [0081] According to
et anot POk oFIERE R & BBk S dHA SRR S bReP TR Th S o
sol i d f or neactidubis elejapedt befomd &triegins by at delagedentandisndystihe AMFARImHIS of a

i npr egnat i h _and .sybseguent | oated with a

o8t nbaseae Pt ATREEA R bl BHREF B el 87 el
Fi gure 7 idslagingiheusieassiabani asly. vinethe examplslof & teckiniyge foe Hdaydng tof staarafinoli e

1 ons OVEY chdaPRi1ali on€Br BoRAG e QhoWhid Br Alekdibefic Eeﬁ&ﬁm% &eﬁa@%’ haselLyed 10
a test solution in the presencg of acetic acid, whic hel ps control
t he ti m ndbedprgedt at'e86¥s-heat generation. In Figure 7, a first |ine.
plotted onods3e OrPRoBERNSTehdiEn GHBRABE th Ba! PIRCHRALMEE UG Ld MontPL an
uncontrol | ed %g#%gt reacti on of aqueous sol ution phase reactions of
5M NE4CL WiP% Rcgd 1R cipEihhreatatiiche goraied pifeees 8asrap ardte ndoaped
maxi mum t dejde itdt hetieved thatihe fbmd OO caf help pRMde b inBRInSBOME iR SorsBBRG e | N
t enper ature over 30 t ienrrmeatf [ .4 %ntrosll | ed or slow reaction of a 32%
by wei ght encapgrufa Eon 0 F(Ilt-hié? \%nmtgﬁ'aqueous WO

2008103206%084{T/ dR2d1KnA0 the 8 ve-described strategies for controlling the release of heat energy

1o help melt paraffin deposits, 2 non-ionic surfactant in the treatment finid would be made to go

past its clond point due to the genezation of heat. Above the cloud point, 2 surfactant would tend
to penetrate the paraffin deposits. When the temperature comes down to ambient conditions, the

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

25 [00BS]  According to the invention, a method is provided for inoreasing 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 compxising: a carrer 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 concenfrations in the carrier fluid to generate a theoretical heat



20 di ssolved NaNOQ2 in the presence of acetic acid reaching a maxi num
tenperature of about 140F. A third line shows the change in
tenperature with a 36% by wei ght encapsul ation of N -14Cl reaching a
maxi num t enper at ure of about 100F, and a fourth Iine shows the change
in tenperature with a 44% by wei ght encapsul ation of NI -14Cl reaching
a maxi num t enPeEY¥WRE7 of 5 about 80F. [00821 Figure 8 ParGBoramas;of a
del ayed exotherm c reaction process wherein an exothermc reaction is
del ayed before it begins by a del ayed rel ease acid system One

exanpl e of a technique that can be used to delay the reaction

i ncludes using a neutral or al kaline solution and del ayi ng the

rel ease of an acid. Another exanple o0$4a technique for delaying the
start of includes 10 encapsul ating one or both of the reagents for an
exot her m of teadivh bbat ldag 1900 llitérhethe redimhat ﬂlﬁalmeeaafsom&ﬁat xea;gmtofmr:
reagents. 083 Th xoth actl n accor

produces rdzgrr%ac eé’?]n éwavc?mé’{:gm s |s useg‘eq%mg ﬁ‘f’@ Phe
reactants (blxhimdgcenwﬂat teagtoyemt ﬂmgemtoqasec@em Oﬁrcauﬂuneasai iy atire ¢hrddleitod .or | t
is believed th hﬁ"ﬁ% ygd fluid can help provide a margin for
safety in COI’ltI’OﬁI e 15 rel ease of pressure generated by the

ni trogen’ ¢B&BeI [ oW Pﬁfﬂé@b’n ttheoFeaetents Rl aenswviades card [selected foagEgiatis af or

control | i RekokeRG ket ﬁ@e%@uo%fofm@mesn@myft&é&ehﬁieﬁ mmlt paraffin

deposi ts, n-ion ct ant e treat nent f |d woul d be nmade
to go pasttg?gf’"i c?‘ﬁ’{?{fgléoﬁﬂﬁf&‘&tf%mt‘é ﬂ’frﬁ%" 5&%‘%@?16 ﬁ°"5‘f’ %W’Wé’m’t e

<C:II oud poi rﬁrstaeas.-ﬁﬂ Bmhamondmabtdmt efock ﬁrﬁerﬂﬁyjeiersgbtcﬁbfnhﬁ amgea&d‘ hefp control
eposits en.the te anbi ent. con
o0 oot actiktidg i HENERIR BhLsFORER. Rt feal  RTRRR 1 SaRE wMlRrend V0
par af f Mo foirgedbdd sndvtd) rgrdahe*fhan T sf the hotd hdetod thgendctibn k@eedrafteicwlﬂnhm to
t he heati n i

%Pnéﬁ' otfgt xﬂos@grﬁoﬁrg 'I‘ffe p@#ﬁ % Pilve 3 26X B?ﬁg&ﬂn IEIB(??? q%lﬁiéher

consi dera synergy to the I'n wax renova chol ce
of surf actesstrstewo il Hezon sy theD: majensniketiy the aderspefdicst enguge isy %Wg!ﬁ%d but that

surfact antsu%ﬁﬂéaﬂy Qfoﬁm'%&feg&g,t ;Qréihaée@wﬁmﬁ b, Qe BRI, Blost ﬁ@&&blyl @,e healS

degrees abgve th nmbi ent tenp ture. 25 0085] _According
i nvent i on e EasER ’ﬁéﬁeaﬁ@ %?r&@?%‘@d’ff Ptgitﬁéi?oé%t%lfoﬁ’@“ f ?Fé’xf"%i?}r'f)ébreéfllfi’rf%“”o”?“ a
sect i on1Pfcogize v lbastis@diffepdnt folie fpnosHaptkd BMelproodtfol e MiliG6d Buivddf the first

hydr ocar bcr)fl;]actant and tﬂe seconq reactant in at least two stages.

{0088] To control 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 [00891 The carrier fnid preferably comprises a viscosifying agent. The viscosifying agent
helps suspend solid muaterial 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,
carboxyatkylhydroxyalkylguar, carboxyalkyleellulose, carboxyalkylhydroxyalkyl-cellulose,

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

[00901 Most preferably, the viscosifying agent comprises: a xanthan with additives that help
the viscosifying agent withstand high salt content in the carder fluid and an acidic pH of the type

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



conprising the steps of (a) formng a treatnent fluid conprising: 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 exotherm c chem cal reaction; the first
and second 30 reactant are in at |east sufficient concentrations in
the carrier fyaoekds enerate a theoretical heat WD

2008/ 03206 7PCT] CBB0057 003467 21 of reaction of at | eastCHERHYG/ 03467
kJ/liter of the treatnment fluid; and at |east sone of at |east one of
the fast reactant and the second reactant is suspended in a solid
formin the carrier fluid;, and (b) introducing the treatnent fluid
into a section of conduit used for the production or transm ssion of
hydr ocarbon. 5 [0086] More preferabl y?2the reactants and

concentratijons. ar L, e 0 generate a t retjcal  heat, of

reaction Sf gt eégﬁsf 6%889?2’ Y0 g‘eﬁ’fﬁ“@‘eﬁcﬁgﬁ? aell‘{Jﬁg‘.’c"Fb@%d? + Raghava
Pr ef er abl yReddyhrehistols irdorbarated heseid by ibfencedeiaputidty. t 0 hel p control the
X400 be AR | D chiials SERGIANIAN] & DSpaRBR bRt Al oL Eems

pr ef er abl [ S ormis-a ro m Xing so
that: (a) shlatien fe Frast Begsadr fuideoreferldy covepsises gfatet. hEher waigrtckmbe selcted from

gener at egd gy L RN oANng ofl Qeabidr: bf&%&hqgéter,aﬁ]églév(r%?m%;[ %ﬂla%ﬁ% eémﬁa&agu %%‘%fﬂﬂ

the total heat of the reaction is generate er | of

nost 6 hodrsproneionplhe sersier fidd prefershly sommrisesidiyropirbon dagt isiediquid ot damded |
whet her  attengRrafiveihdrdseur® (“STP)S (Bigle San 12 4ifi8kve PariBih GfaxS Pk pheferfte
rel ease of he@'g‘ ene%xg%gal S e?vm ded, bué thgj_t substagntially all of the
heat ener J§PPERG B TRLEEEANFTIICH 1uBRATE L FPioh BAY Iuare eaysusrsalrtinn fo

t he heat efmisrehilis amnerndsisredfemse erdhydibcathope MosiChreifralai) Gt hydrottbon ROME 5
hour s. r.ex e, .1 lid formcan 15 c ri.se at |east .t

Tt or obf cBR 6ot 0 b el Meblhe3r FATBISRRR Bt e e
first reaethmy candnatbe tesebindny papdtion These ate sklecist fot their siby ¢sdisspPO88]
To control m;fggwfc”?te of mxing and to -help suspend the solid materi al
in the cafrier uid, the solid formpreferably substantially

conpri ses 221 | irfawdynike dveptiment fpd dunder cerpmisesya cpigellise modifivn toe hlpl
is of a 2QwdderRara fmnz@x_ . 2fe E?@&%e Jéaﬁieﬁ%_rh?ﬁ _rdisgdmldéb?&ﬁﬁlfﬂh@bépxsﬁed g
conprises a viscosifyin ent . e vi scosi fyi ng agent hel ps, suspen
sol 1 d nbe SRPER T At ey ﬁffq%ﬂ-’fﬂ?’?%id&f.sdﬁ Of %%P&f?&?h%%ff%ag#m% )

agent caneckeibpre] se: a water-sol uble polyneric material. Mre
pr et o1 201 fughl L B60BALR SRR B B8 BuRE IR OIH A B0 b
car boxyal keyidryaitagiy yell dng gdtgys rape wefeddidx foathde\sblentdd| fol ¢ Bgving any detrimental
car boxyal %%Acpéﬁ%%eﬁéyl -cel l ul ose,
20 {00947  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 treatroent fluid is preferably formulated such that it does not set or
solidify, whereby the treaiment 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.
[0087] When both the first reactant and the second reactanf comprise water soluble
materials, preferably the first reactant comprises: a source of cations, and the second reactant
comprises a source of anfons. 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



=~ 25 xanthan, derivatives of any of the foregoing, and any conbination

t hereof in any proportion. The viscosifying agent can further
conprise a crosslinldng agent. Moreover, the treatnent fluid can
further conprise a breaker for the viscosifying agent. [0090] Most
preferably, the viscosifying agent conprises: a xanthan with

addi tives thavohedpatshe vi scosifying agent wthstand hj .
content in the carrier fluid and an acidic pH of the ty%zg%gj husier
di sclosed in US Patent Publication No. 2004/0214728, published

Cct ober 28, 2004, having for WD 2008/ 032067PCT/ G1120071003467 22
nanmed i nventors Robert S. Taylor, Gary P. Funkhouser, M chael A
McCabe, and B. Raghava Reddy, which ig, i ncorporated herein by
reference in its entirety. [0091] Depé&nding on the reagents selected

to generatg Baak jon efepame :ﬁ%@r&:&&uﬁmuﬁd %L%ﬁ'&f&gbﬂ e Erﬁﬁ&itmm the

canier fluid preferably conprises water. wat er “can be sel ected

from 5 t héalifeserprrisema W‘ﬁ’@’ﬂbﬁh‘“f@éa\ﬁﬂ@mmﬁ%%laﬁﬁ Agnoaium Nitals owd er ;

andf anyblcmrba adeld Q@h‘ctﬁhﬁrh&ﬂﬁn INRraBIRY 143§ ﬁd@fafatﬂle%ausl;mf i e&lslbs% Jahw @nd
prefera

(i: r| ses a rocar bon .t hat d at nd

P eper at uPESI. BF St LR sombit oh ol et S haberres
wax. Nbrseoﬁmei&ﬁbza{abmpnsdepﬁnﬁhrﬁgwon t he reagents selected to generate
heat , agueous . sal carrier

emul si on &9&2 eéepg‘héugh%? ocar bo °§mﬁ/§“¥m|%‘$ef %nrda ﬁi?wnfiﬁeacfﬁvo#eo 5°P8%n
in the 10membe pwisted by pdreqmegedaeb*ste’dr dur ypthering rrgiogl rerotis wivieey the first
erude o1 wal Bl ARERE xe Bl ALRARL WP QUG o8, ARY LPOPIRRh FRANES oo

in any proportlon ese are se ect for di sso
paraf fi n Wik prefepdbrtimr afonrists! vmmmtr@ae@atmmqrm@rfswg@ﬁeﬂyst foran

CONDI | SBS efbtifehfis E@hﬁdan%acmemeeﬂma ﬁx-sheic&n%%e!;eé@ﬂ&%mﬂzar affin wax.
The crystal I%%ﬁe nodi fi er, can hel p_di ssolve or brea %P’“Ff’ét he deposited

15 par af f 1999k 12 et ftfaﬁe%qnﬂeméﬁﬁfﬂwsewm PRI PAPEF i n
wax from ﬁ;@dﬁp@ﬂietstepg;f G:le&?ﬂﬂ@ﬂ{e&elez{sgeﬂ‘&]a lotalgd A hél Beléothe Dedidheselpet ed

for their sgaist%liap r%aactrion betweex?' % Iﬁcr)st tea ?and tﬁe s&cong ?e%gtaan@t Q s%a;} é}%elaying the

release of the catalyst cap be an independent and additional approach to confrolling the

15 beginning of the release of the heat of reaction, whereas having at least some of one of the first
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 vccur afier 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 sustzined 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 dissoive 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 temperafure.

[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



second reactant, and any catalyst, are preferably further selected
for not having any detrinental effect on the pipeline. 70 [0094]
Further, the first reactant and the second reactant are al so
preferably selected for having a relatively | ow activation energy of
reaction. [0095]In addition, the treatnment fluid is preferably
formul at ed su¥® 2q08sRo6RT t does not set or solidify, wherg @gGEggwm&m7
treatnent fluid cannot itself inadvertently plug the con

[ 0096] Mbre particularly, at least one of the first reactant and the
second reactant preferably 25 is a water-soluble naterial. Mre
preferably, both the first reactant and the second reactant each
conprise a water-soluble materi al . [09?7] When both the first
reactant and the second reactant conprise water soluble materials,
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selection of the first_reactant and Seco react ant reacti on

may be assTE 8By ot Fatieh e cEA L sy%tbodfmferemy Sxwetromptives B eip ofl
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conpr i si ngeid coabaprisstindhgiinganielayed release acid in the treatment finid.
[00103] The specific solid form of & reactant can be used to control the mixing of the
reactants, either the timing of the mixing in stages of release or the rate of a steady release of at

15 least one of the reactants for a controlled steady rate of mixing and reaction, or any combination
of such objectives.

[00104] For example, according to one embodiment of the invention, the solid form for a
reactant comprises: having at least some of at least 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 ome of the first reactant and the second
reactant is encapsulated with a polymeric material capable of helping to contro] the release of the
reactant.

[001086] For embedding a reactant in a solid matrix, the embedding material is preferably a

25 polymeric material. More particularly, the polymeric material preferably comprises 2
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, chitosen, 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 matrix, a small proportion of water is added, which preferably is an insufficient



10 exotherm c chem cal reaction between the fest reactant and the
second reactant. [0099] In the case of a reaction requiring a

catal yst, the nethod advantageously can further conprise the step of:
del aying the rel ease of the catalyst to help delay the beginning of
any substantial reaction between the first reactant and the second
reactant. Thiwosheg@et del aying the rel ease of the catgq%é% &%&Ngﬁ an
I ndependent and additional approach to controlling the egl nni'ng
of the release of the heat of reaction, whereas having at |east sone
of one of the first and second reactants in a solid formis a
separate and i ndependent approach to controlling when the heat of
reaction is rel eased after the releasg%of a catalyst allows the start
of the reaction. For exanple, the rel®ase of the catalyst nay occur
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combination thereof in any proportion. Based on the teachings of this invention, a person of skill
in the at will be able to select particularly appropriate polymeric materials and an appropriate
physical solid form to achieve a release of reactant affer a desired time or after a desired
temperature,

20 1001091 Altematively, for encapsulating a reactant or embedding a reactant in 8 matrix,
the encapsulating or embedding material can be sensitive to temperature. For example,
polyvinyl aleohol or hydrogenated vegetable oil can be used,

[oot10] Thus, the encapsulating or embedding material can be any material that melts or
dissolve in the camier fluid to release a reactant for an exothermic reaction. Further, the

25 dissolution of the polymeric material would be expected to increase wifh 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



5 anmmoniumion and nitrite ion, the catalyst is preferably an acid,
and nore preferably a carboxylic acid. Mst preferably, the acid is
sel ected fromthe group conprising: acetic acid, citric acid, lactic
acid, and any conbi nation thereof in any proportion. For this
particul ar reaction, the acid should be effective to nmake the pH of
the water inwhewostster fluid | ess than or equal to ahgut

Further, in this case the nethod preferably fitrther conpﬁ?gggm?ﬂ
step of: 10 delaying the release of' the acid to help delay the

begi nni ng of any substantial reaction between the first reactant and
t he second reactant. For exanple, the step of delaying the rel ease of
the acid can conprise: including a del ayed release acid in the
treatment fluid. [00103] The specific %%Iid formof a reactant can be

used to control Xi n e |ther ;gtp
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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.
[80115] It 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 forther comprise the step of: isolating the section
of conduit; and wherein the step of mtroducing the treatment fluid info 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 fmportant to allow the



5 the finat product. In addition to acting as a binder, the

pol ynmer-bound dry matrix also acts as a vehicle for a slow rel ease of
the reactant salt into solution. The size of these pellets can be
varied as desired. Preferably, the pellets vary in size fromabout 1
to about 10 rumacross. If desired, the uniformty of pellet size can
be control | ed*BFPRERE2Ni ng t echni ques,, 100108] For encrqseladimgsa
reactant or enbedding a reactant in a matrix, the 10 encapsul ati ng or
enbeddi ng material preferably conprises a water-soluble polyneric
material. Mdre preferably, for exanple, the water-soluble the
polynmeric material is selected fromthe group consisting of polyvinyl
al cohol s, polyvinyl al cohol copol ynerxd, partially hydrolyzed

pol yvi nyl acetate, polyvinyl pyrrolidone, allcyl cellul oses, ethers
and est er pareffin adak fdpogite[Hmgliobéat vp and pelgin Joysofidn] @@ yielt. Peefdpabky thewtrkipr fuid .
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Based on tghg sbeaehbdiesonddti S i nvention, a person of skill in the
art will lfe abl e to sel ect ul arly appropriate polyneri
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di ssol v pufatthpgs. carrier fl uid to release a reactant for an exothermc
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be expected to increase with incCreasing tenperature. NOV Further,
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rel ease O%pa gp%g[?j@&ﬁgwieg' generate sone of the avail abl e heat of
reaction for all the reactant material in the carrier fluid.

[00112] By way of further exanple, the polyneric nmaterial can be

sel ecteg to di ssolp®,kkean. acidi grSokpt+gar wherei g e carrier fluid
conprises water at a neutral or alkaline pH and

[00122] Other similer exothermic reactions with hydrogen peroxide and metal ions are
zlso contemplated o produce oxidizing species, such as the reaction of hydrogen peroxide and
capper jons.

25 [00123] It is well known that organic compounds can be easily oxidized. One primaary
advantage of the Fenfon's Reaction is that it does not produce further orgavic compounds or
inorganic solids such as permanganate and dichromate, since there is no carbon in the peroxide.
[00124] If the reaction is camried to completion, then uitimately 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



5 wherein the treatnent ftuid further conprises a del ayed rel ease
acid. Upon the del ayed rel ease of the acid, the pH of the water in
the carrier fluid would becone acidic, which can be used to begin to
rel ease sonme of one of the reactants into the carrier fluid. For
exanpl e, such a polymeric material is chitosart, alone or in

combi nati on wrd fuswagietm al gi nate, which material woul chq‘/éf?%M&évn an
acetic acid solution. O her exanples include synthetic, cationic
polymers. 10 [00113] According to yet another enbodi nent of the
invention, the solid formconprises: having at | east some of at | east
one of the first reactant and the second reactant in a solid form
that is insoluble in neutral water; and wherein the treatnment fluid
conprises: an agent to increase the st ubi lity of such reactant in
water. A i fic exanpl. f ch.an enpodi nent .i s. when the.first
enctant D -afa i T lne Rl £ B & AT RHeabs iR Bt

i s sol ubl efiemverpheavy abs thick imthe eatly paitsofithe apaioof espbeisloforitarze ngmpands ik
second req]rg#h%{m& {rﬁélgs a source of nitrite ions; and wherein the
agent to increase the rate of dissolution of the magnesi um anmoni um
phosphat e [6628L i seBowevehdhat pwscpraagisrapecies fhat shay eestsddente rixidatiomeby the
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2008/ 0320 %gggo/g 32007/ 003467 27 paraffin wax deposits tine to heat up

and begin ‘en or nelt. Preferably, the carrier fluid conprises
| i quid hydrocarbon that can dissolve the paraffin wax to hel p renove

the deposits. %stzﬁgg%qr@ﬂtgy?_,ng%?{?r eéﬁs)n%‘ﬁ?)(??t hod@rqg%]rt her

conprise the step of: displacing t uid t he section
of condtfit. 5 [00118]1.n preferred enbodi ments, a non-ionic

surfact am[()d'ii?]addef‘ihetsgan&arr]c? e&tﬁaﬁ)?ets %ﬂ%}-mgﬁlon E“lqlt’f’) for ammonia, carbon dioxide, urea,
and water are - 46.1, -393.5, -333.0, apd -285.8 kl/mole, respectively. Accordingly, the
theoretical enthalpy change for the reaction (“Hrxn™) = HP{H20(I)) + HeHEHNC(OWH(s)) -
2HCHNH3(g)) - HPH(COg)) = (-285.8 k) + (-333.0 KI) - (- 92.2 kJ) - (- 393.5 k) = -133.1
25 kl/mole (based on the ainount of carbon dioxide).
[00128] Another highly exothermic ¢lass of reactions is Grignard reactions, for which the
heat of reaction is typically in the range of sbout -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 deseription. They are not intended to be

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



which in addition to providing a detergency effect, can also help to
emul sify organic solvents that will aid in dissolving the wax
deposits. [00119] The treatnent fluid can al so have pour point
depressants (to nodify the structure of the deposited wax)

provi ded antagonistic effects are not observed with the non-ionic 10
surfactants. WO8180n addition to the exanple of an exeba®hfHbser
reacti on between ammoniumion and nitrite ion, the Fenton's Reaction
has been known since 1894 and is one of the nost powerful oxidizing
reactions avail able. The Fenton's Reaction is of interest because it
is highly exothermc. 15 [00121] The Penton's Reaction invol ves

hydr ogen peroxi de and a ferrous ironzgatalyst (Equation 2). The
peroxide is broken down into a hydroxide ion and a hydroxyl free

radi cal . Jhgndhy droxosdinib ﬁ@ﬁgﬁtaﬁlts@ibowte&ohﬁg Prine B o@bidd %1@9:11@59@%«133
and can be used to oxidi ze and break 0Eart or an|c nol ec 20H202
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to produce oxi di zi eci es h.as th reac f .dr o

per oxi de HHUYEE ?I}%F “52"55 sfl@%%?@f P?mu]g”&’i\%ﬁn gat X Q/’P{e%‘ggﬁﬁ’i%e
conpounds sepenfiie wastioh e dfinetl tyalk clawnppanilatidnetoaod et egpevalbhits.t he
Fenton's Reaction is that it does not produce further organic
conpounds or inorganic solids such as pernmanganate and di chromate,
since there is no carbon in the peroxide. [00124]1f the reaction is
carried to conpletion, then ultimately the organi c nol ecul es break
down into CO2 and water, which are the normal end products of a
conbustion reaction. 30 Also simlar to a regular conbustion
reaction, organic destruction by the Fenton's Reagent is



WD 2008/ 032067PCT/ OB2007/ 003467~28 hi ghly exotherm c. Unlike
conmbusti on, however, Fenton's Reaction is associated with foam ng, -
often very heavy and thick in the early parts of the reaction,
especially for large conpounds with high anmounts of carbon.

[ 00125] However, there are organi c species that show resistance to

oxi dation by the 5 Fenton's Reaction. 38mall chlorinated al kanes,
n-paraffins, and short-chain carboxylic acids, conpounds that are
typi cal oxéggbhgn products of |arger nolecules, seemto resist
further fr ation by the Fenton's Reaction. Nevertheless, it is
expected that Fenton's Reaction can be used to oxidize hydrocarbon as
one of th eactants . to generate heat included in the carrier fluid.
Even if nott¢fdt trdaT |y reactive with paraffin wax already in the
conduit to be treated, the 10 heat generated by Fenton's Reaction
with the hydrocarbon in the carder fluid can be used to nelt and help
di ssol ve thé pethed for incypasing thiéerprezature bf 2 srction efxonduatusebior thelpeoduction

expected t . A irde.and
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cl ass of rggctions 15 G ignard reactions, fc ]
50% of the total heat of the reaction 1s generated within a period of at most 6 hours; and

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

transmission of hydrocarbon.

2. The method according to claim 1, 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 Jeast two stages.

3. The method according to claim 1, wherein the solid form substantially comprises

particulate material having a 20-40 mesh size.

4. The method according to claim 1, wherein the carrier fluid comprises a viscosifying

agent.



heat of reaction is typically in the range of about -200 to about
-250 kr/nole. [00129] The foregoi ng descriptions of specific

enbodi nents of the present invention have been presented for
purposes of illustration and description. They are not intended to be
30 exhaustive or to limt the invention to the precise forns

di scl osed, and many nodi fications and31 wo

2008/ 032067PCT/ GB2007/ 003467 29 variations are possible in |ight of
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practical sagpitandati on, to ' thereby enable others skilled in the art
to best utilize the invention and various enbodi nents with various
nodi fications as are suited to the particular use contenplated. It is
i nt ended téh@he inbthodazonlres toklaivh ¢, winren theemribeflué tompdsebyatehe cl ai ns
appended hereto and their equivalents. 30 CLAIMS Wat is clained is:
1. Anmethod for increasing the tenperature of a section of conduit
used for theh@fetod hdcoflingto Claii $/ 15540 Bach fof thy @ D ¢ab i ind tHegedppl hod
conprising the steps of: (a).formng a treatnment fluid conprising:

(i) a car rFernt ‘Fotﬁ‘?Pd';sesa?rl‘Hatf‘i'ﬁ°3“b§ 13l reactant and a second reactant,
wherein: (1) the first reactant and second reactant are selected for
bei ng capabl e of reacting together in an exotherm c chem cal

reaction; & Phe wpibog pqeeidingip claiwr dridherdmdv)dhe fist isagtant gemprisgs pvater-

suf fi i entso e RREEHInE At PEYShd RcdldGeltinf tdfpristd bdicl-LIQRORLAE @

t heoretical heat of reaction of at least 1,000 Id/liter of the
treatment fluid; and (3) at |east some of at |east one of the first
reactant an : i %HQ? i sarrd $luid in
asolid f %f %ﬁ% Iﬁgt%l éc?gcgg&(dag%?gg&?g&ﬁgﬁré%gﬁt ro gi[t"3 ﬂh%l%b%%alﬁgrfs dr0 @Pg‘gé{:lée of

t he react ammanpynpionsiend gy tiegyatdrisglulileanpnyvensrrgiser vithite iged id formi s
adapted to help control the release so that (a) |ess than 50% of the
total heat of the reaction is generated within any 1 hour period; and
(b) great ép. Theaneth@écodrding & ¢lamal, wheain tbé tredment dnck fughericampesesmat ed
Wt .hl nan rally&q‘o OzIn &Bthnl?nsl;[; c116 nﬁ?a"ll fSet %%%tvge%%l tﬂar}ltrgtoga% A fgldtﬂbeeseéc{n%at ment
fluid into a section of condurt used for the proéuc i'on or

transm ssrantaof hydrocarbon. 2. The method according to claim1,
wherein the solid fonn conprises at |least two different solid forns
adapted to help control the m xing between the first reactant and the
second r edciErtmdtivdaiccdréiagto dixim X Agder comprisidy) theFRp bOdicRgREEE Ng t O

laim1, ip.th lid f tanti gl | ' : ticul at
ator i al FERAPRE 4° S0 Histh LB Do el gL O PGS e m

1, wher ei firdt bac@rrant &e skdont deaG@APr i ses a vi scosi fyi ng agent.

12. The method according to claim 11, wherein the step of delaying the release of the

catalyst comprises: encapsulating the catalyst.
13. The method according to claim 10, wherein the catalyst comprises an acid.

14. The method according to ¢laim 13, further comprising the step of: forming the
treatment fluid with a buffer to help delay the release of the acid.



31 5. The method according to claim*, wherein the carrier fluid
conprises a non-ionic surfactant. 6. The nmethod according to claim
1, wherein the canier fluid conprises water. 7. The nmethod accordi ng
to claim1, wherein each of the first reactant and the second
reactant conprises a water-soluble material. 8. The nethod according
to claim7, wherein: (a) the first red@ ant conprises: water-soluble
cations; and (b) the second reactant conprises: water-sol ubl e anions.

9. The net according to claim8, wherein: (a) the water-soluble
cations co{%&}l%’é‘?ﬁa ’i‘ﬁ‘h‘% tPG%?} Layikerein fhosaldd pan spmpdicaiieging At loss
conpri se: gabdelof k€ledsObtfe of e frst B tNEAMNAHe REEH EicRMt Lb&lad Makorigher ein
the treatnent, fluid further conprises: a catalyst for an exothermc

chenical rB3EE Pk apelsmsss maksiak i r st reactant and the second reactant.
11. The method according to claim 10, further conprising the step of:
del aying the rel ease of the catal yst to help delay the beginning of
any subst akft Ths meldedadcordingde wlam Lt wierdin thetsolidefyon aornpiinest hehieg sdesshd

Gorourm gl of FlE Bl AR Nar I BB brant BRERLR W SHoD ©f

del aying the release of the catalyst conprises: encaps

cat al yst . end®sulfing matifrd dammble of b¢lpigg taocontral the EBasadfelieccdesmtdanhe cat al yst
conprises an acid. 14. The nmethod according to claim 13, further
conprising the step of: formng the treatnent fluid with a buffer to
hel p del ayl7t Hee mehabseordingttt elame i 6] wheiksh thd Encagshinting iaegalas 6 amtiialg t o

| ai m 1, eint lid f i : _hayi t, | t f at
Ceast one BF THEST T R R S A DS e AL PR sFiEe Erfd2daBEE  n
solid mtr@Gx with a polyneric material. 16. The method according to

claim1l1, wherein the solid formconprises: having at |east sone of at
| east one of the first reactant and the second reactant encapsul ated

with an engapsdthetbéd@csrdinghé ahint BRMpkRimAhe BRhRLRAENE SakQAtbRbrildie

rel ease Ofpofybrﬁy ﬁga%fnt.

19. The method according to claim 1, finther compiising 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.

20. The method according to claim 1, further comprising the step of: displacing the

treatment fluid from the section of conduit,

21. 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 comprising water; and (ii) a first
reactant and a second reactant, wherein: (1) the first reactant comprises a source of
ammonium ions and the second reactant comprises a source of nitrite ions, wherein the
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

treatment fluid; and (3) at least some of at least one of the first reactant and the second



17. The method according to claim 16, wherein the encapsul ating
material is a material that rel eases the encapsul ated reactant at a

t enperature above 120.degree. F. (49.degree. C. ). 18. The nethod
according to claim 17, wherein the encapsul ating nmaterial conprises
pol yvi nyl al cohol. 19. The nmethod according to claim1, further
conprising the step of: isolating the3$ection of conduit; and wherein
the step of introducing the treatnent fluid into the conduit further
conpri ses:_.J i Is j tion bt The
ot hod acdsiiPt BYEeanat) bl ARBLALEHA SRE hA% R ERN] comidlihe

di spl aci ngniithsekaseat themtacfantintd the cmidriimidsad twhervirote ediddonmt is ad@ited té\

nmet hod for,_ i ncr ing, the te at ure_qf sect.i.0 conduit used
for the prSCEFa O REadiTbs I af P aP R 1iuRe of e b

conpri si ngehdreted tvithia aad 1 hoa)pefiod; mh (b) greateebi®dth of thyitdlal¢eapfiigi Ng:

(i) a carrier, fluid conprjsing. water; a i first reactant and a
second r edEHAR S gﬁ?f:é?t%ﬁ?th(’ f)p%?ﬁ\’lﬁofait %ft%ﬂ“qu@i %Frﬁ‘ta(blz‘Bi Hemgdhefraiit e

of anmoni Ikid BRSa RBEb TR oxRGAREN foe e badhctaBP trirf8SssRn 9P Hydzscatfon.
nitrite ions, wherein the first reactant and second reactant are
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 least 1,000 kJ/liter of the treatnment fluid; and (3)
at | east sone of at |east one of the first reactant and the second

33 reactant is suspended in the carrier fluid in a solid formthat is
adapted to help control the initial release of the reactant into the
carrier fluid and wherein the solid formis adapted to help control
the release 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 period of
at nost 6 hours; and (b) introducing the treatnment fluid into a
section of conduit used for the production or transm ssion of

hydr ocar bon.




