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METHODS AND COVPOSI TI ONS FOR THERMALLY TREATI NG A
CONDUI T USED FOR HYDROCARBON PRODUCTI ON OR

WO BARISM085] ON TO HELP REMOVE PARAFFI N WAX BUI LBURGB2007/003467
TECHNI CAL FI ELD [0001] The invention generally rel ates
to the nmethods for warm ng a conduit used for
hydrocarbon production or transm ssion to help
remedi ate paraffin wax buildup. Mre particularly, the
invention relates to formng a treatnent fluid with
reactants that react exothermcally to produce heat in
a controlled manner and introducing the treatnment
f | METHODS AND COMPOSITIONGFOR THERMALLNTREAT NG t

can be used to I i '
s coRBRERRB TR R TRER BRI 1GN SEAGEAStpsion 1o
maki ng var igpefpREMeN I PARIGTENWA X BUHLDIEP pr oduced
by drilling wells into the earth, either on | and or
Enger segl. Crude oil contains many ki nds of
ydr ocar bons, incl ucy Fm@ fremx. [0003] Paraffin
wax deposition is fgltj%cé pra%?iif:alITy'V\heneve]r
[0001]hy dTlec atvention( gergrallycrelmtes ti khe imsthofe derc wgrming a conduit used for
transported. Paraffi.n.wa epositi 0 c t
hydrocpibgty Ig‘Pd‘ifﬁthl} ?roﬁé’f‘ﬁ%lﬁsug} " Sl}eg% uc F(gl%te aﬁ%ﬁ{ﬁ%ﬂt g’r%%(eir;&iﬁlrﬁiélp' More
particu%’éﬁrlty,h thé ARERAGH akiaeR. to| 6884l Ramefthient Whud deifogedctantsr ¢hat react

exotheNH ey e eF A rSa B oSy R 5 BRhent o
the con%ﬂ%@ %%%%&%@h@hé BRESan AL 1o HffrelldQE gaBffh wax deposits.

ou ~as sand, rust, iron sulfide, clays,
etc. The dgposlt hlardﬂb%@Kﬂ?é%QHHP chiefly on the oil
no S a m neral substance ' ' de s
1002 o3BT U1 REBaAE 5l ko S o
produddll 8GR Wk @fo 66 lehnth, Rithaf dr landvax weden s¢d. t Qituds o#lreontains many

. exanpl e of fluid/solid phase equilibrium which is
kinds efhyyiegcarbens, molyding Ragaftn 81Xt he princi pl es of sol ution

he j . ' N
0003} ,€P ﬁﬁ:{'\@gl Gposifibn [ BR&I plRERREY kSneveehjRGPET ol (8igg 8rude oil) is
[ jhe E@g er nolecul ar wei g]?]t h.y.d?ocar bon %f par af(f,igﬁ . ).
produdsdxandstratispertidv e Raraffin oweer dapopidien |ORPIUHS thst flow of oil, lowering oil

hydr ocarbon, whjich funct.ions as a solvent for the
pmd“"‘ﬁéf‘ﬁ?‘?flﬁe.r%[“ﬁ‘gd‘@ﬁht’ﬁ%poﬁgarrng fin wax deposition nechani sm
[0004§ e P PafASHiOFap desits areaypichlgnmadatp o€ linear, saturated hydrocarbon chains

(typically Cj¢ to Cgo) admixed to branched hydrocarbons, asphaltenes, water, and inorganic

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
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

formation face as well as within the formation throughout the pressure reduction phenomenon
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Generally, lower pressures tend to increase the cloud
poi nt tenperature. The cloud point tenperature range
WoRses®sal waxy crude oils is such that the WeXT/G&R007/003467

precipitate even on the formation face as well as
within the formation throughout the pressure reduction
phenonmenonwhi ch normally occurs during the useful life
of the well. The lowering in production rate can be
wongly attributed to the reservoir depletion, while
many tines it is due to th& formation perneability
reduction and/or to the reduction of the dianeter of

which fidimalty octues durimgshe asefil LFOODNHE wielld Tbe dovtesing dh afodyctisn rate can be

different |engths ar resent, .hi i . .
wong el SR GRS Bl Y KA, i G800 o
pennea%gfnt{é fegllﬁfﬁon%ﬁﬁﬁ th Be M clienPRhadidmnetet ofte biodnstion string.

00071 b sk e T S O S5 et o
meltméﬁ(g{ﬁég NERbm i?l?dlf’ﬂlé VEkiYreat piebddfeard temp&iafurCXIRIoRs. Generally,
8t ranearr Tor mati ons beari ng hydrocarbon are

mwﬂﬁmsMﬁbkqundmiﬁhmgwdwmebgmhﬂ?&h@Lat t enperatures that
er than

re_hi 20F (,4900). Th Rt .
[OOOBfen%g?%uW@% 50 §sse vef(;i o oirl%rirgs()efa{egacclgglérg]?ﬁycmn%ecﬁﬂ. For example,
subteﬂh&ﬁ?fqr%ﬂ%tﬁﬂnsfl%%g 41%}@}0%1&:&1 per akddlly wadert dighs pressure and  at

reci ' ' i
tempemess SRS BN BOE A G o TS 1Y BT PRE RGOt tod Rimations

a i -
o uo LT3y g PO Ak poli g s ptan e o
as wasulsdlier deposisnwhen thet prossuze ande fepietasiry ipjlerered g dpea hyfracarbon s
into,th rqductian ,tubulars of the wellbore, it i
mbdm?ﬂ3W§ﬁU$?gﬁﬁfﬂﬁ88 RIPYE 't ubul ars of the wel | bore tz
[0009] hleﬁf@f Iéhv@a@tdmguﬂbbﬂ eflows Henhydsugardem fooduoedatatelatively high
wel | head nmust bhe tranpsported Jefi
cmpe e o st AP 5 L8 Bl Rt vtas o
the wilbolBKE meal LPtsd 9 AdaRr, Ohe TRl adBA Rbduged EhehdTgllhead must be
common nethod of transporting hydrocarhon is through
tranqumtqzﬂsﬂol aefinety(0 1] préessed sand rsaprsated [intp [VATRUS JOREFEENLE - to make
. _producti.qn . tubul ars fro ' .
i AR 0 ABE I 2o REBLRAR P08 on i
throughWigelibéxdi ng tenperature of the wellbore tends to

decline to d th f , | owi i SSi .
00101 20 S 08 e LIS I BRIGBR b
forma?ﬁr?%lgog GORLHbITH ISR thedrfhbis Y sudkeuRdihg iedapepied of the wellbore

. Cross-country ﬁ:pelines, it can_ |l oose heat .
tends endeclipe towarh dheysetave Hlovang heas iendinsipaieiram dhe flgidyand causing the

t { | ;
o AREAGH Ry Gl 2ARROE, 35 FDopotbp ey sccomr

pipelifie@0it @6h &®se 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
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).
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it flows through these conduits. As the tenperature of
the crude oil falls, paraffin wax hi the crude oi
W0 200d®320607 becone a solid, waxy nmaterial that fBCT/€BRWT/003467
of the crude oil and paraffin deposits accumulate on
the inner walls of the production tubing and
pi pelines. This can be particularly problematic in
subsea pi pelines because the surrounding water on the
seafloor is very cold, typically about 39F (4C).[0011]
To help prevent paraffin deposits, some cross-country
pi pelines are heated, which is very costly. However,
[0011]t hiFo help pedvefitgmsiffih eleﬁmts,sqqm@aoqsfcpemrm@ehm|atq1he@Feé1 which s

di
vy e S B S B AL A SRR S it

1hemnﬁﬁﬁ&g§cM@g&W@&ﬂa condU|t t he opening for f|UId fl ow
hrough the pipeline becones snal,

[0012]um St guaBhuEx denrbito PR BhEARS G b guor B ppenine for

fluid ﬂ?% %0%@1 1{h eln?é/ BH@L kfatih Endl %ﬁﬁs‘rt BnkadatilSef agcofitiee buildup
e n er e conduit becomes choked. Al so

is remyedibintaae goime, @K/ertthzdlyﬁhqz dérfosits @@p@@pqsg touthie pojng whgredhe conduit

becom%ﬂr %)gkz%fgeAll%a é%%gurg? %%e %f @1& rP%{)acf:ﬁ:lS rd 1t§gs}éfﬁ g'el?ase fﬁom the inside
wall of?h ngluibeandT&h& PBloakdden Sifeh @shlt)akage baa@tsut anyvdgurciadthe pipeline.
crude

| fl d d
e e ST Sl ey o
complt!: L gfé{ﬂ?@gé of hgqy]}%%mgée HONRLrAtd fnﬁ@g&é"l af fin wax deposits

ough three mai n approaches;
[001 3]TECRannDMIo,f thédparatiin, wam dep,qqgmsczgtemp@dt ‘@fpugg three main approaches:

i.nation of twy or
ot SRERRR o RS i S RS Y BEG ore of s s of
qmnxéﬂgqgaﬁﬁ?§aﬁre uzedtspe0|ally for productlon strings
el 1 ne conduits, as t
1001650 5he s et 47 B B T SRk g gt ppcine

condu{t% Gs 'tﬂ(l,% &kd {ahﬁedﬁﬁﬁ&bﬁa ﬂ)@ﬁf@aﬁn'a%bﬁaﬁ@n@n\fhﬁhﬁé@@h&r at the interface
han thods, paraffin deposits are

bemeqamﬁmaidwandemmwdreﬁ rTo et thechapiral naethadscparaffip depesiff are physically

' removgﬁ% tﬁ% %/%ﬁ %cgegEhe%uc cg %getﬁé ghd DIAE daf TRVAl th$Rmoval so

para osits are dispersed in
that th§ aiswdgem% wﬁﬂinaiapos‘ids ai cmqrecsag in ¢oheionand gart floy Ooesgh ik éondult
a

oot Lo A5t TR £ g, i
removﬁl%r %ﬂﬁﬁﬁ HRENANS GRlunde HiceRanidal aeabe thidughithe bipI@Hnd ﬂﬂt scrapes the

es the inner wall of the pipeline and p
inner p’aﬁ av[f ﬁhlmplphlmm@ﬁl pushessthe\ngeatin thyapsin n}r@élty}?ﬂ %mcal cleaning

dev1cei hsn g?clﬁa\%afll‘p% ?%a@se ﬁ{egscrgﬁffnglﬂ)? &hd NBnet SHAPIRALOTpipdliRe makes a

elin kes 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
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 farther through the pipeline, at which
point the pipeline is plugged.
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trenmendous squeal ing noise. The pig is normally driven
through the pipeline by a relatively high punping
Wee@sssn0e7 behi nd the pig, which is used to forRer/GBeo07/003467

pi g through the pipeline. But if paraffin buildup on

the inner walls of the pipeline is heavy, as the pig

nmoves forward it will collect so nuch paraffin in

front of the noving pip that it blocks any further

nmoverment of the pig. In other words, as nore and nore

paraffin is scraped off thelinner walls of the

pi pel i ne and accunul ates in front of the noving pig,
[0016]at "Etmmwplocmﬁmbrh ¢hqrueb imethodr fos ggmevmg] peteéindeposith do j goduction

tubularg gltmg qy§ ﬁl%fltﬁﬁti t P us?dﬁef Eea%tﬁq\?% %ngo ?nl&l qgfe?r?c‘l: V\%nﬁg a‘h@t 111ng. The.
heated E)rfg @shlgsluﬂl@ f)ﬁg%drc%o&gr:@kg]gﬂﬁdmﬁﬁﬁélﬁétw&hﬁthmﬂb@e And A ptdqlecmml tubular,
L L RN TN TR TR T —
depos1tg m&&%{(}u%ﬁ&?ﬁﬁﬁg: tBhi@8ype RO bpftbadhnN@n be -Eﬁlﬁlyhﬁédl efily @bd production

t hrough the annul us between_the
ubularaeibd bamﬁ’mawdx aﬂeprrsml wbotveothet wellliozs perforationseld b Apgogasbon-bearing

rface,t h the.
R R
formatiodDwhare. it TéWusd teyple and saglpr ﬁnattlh: paroub spaais,e Ipjuggiedthen fyrmation.

f duct
Techmg%wg{rggﬁ%gwlé% ﬁt@]gb&stgqeftgF ul ﬁaél%{efa It(ghgi’a éenqg\% paraf?m wax deposits

ﬂmnﬂﬂ%%g&ﬁ grbon-bearing formation. O herw se, the heated
e oil could carry some of the nelted paraffin
[0017] nt One higerhasiviere ieng Wbrsedeoi] is te BeA hpated gyatdn SN derhpaly er thermal

or, 0US. space o

cmncil bR R o OBy BT B o LB v

Thus, t&@%ﬁlﬁﬂt‘nﬁ) Waﬁfcfepdmm&)in de plasinh by ﬂtspmsetdwby bonwatet. . Hp@ever] hot water
e alternativ

does ngjdigsolve gq @lute, rlg}rz]( ' s[oﬁtg ?er élg% e tf’%/ %?r%gﬂle\gaf @an form an

undes1%lec&q/%§ﬁg?9ﬂlﬁl\§mﬁ a ?m*éﬁneid &R eVaBtag@ o VsiEHE W hoereerg s that it can
t paraffin wax. Thus, the paraffin wax deposits
contrilpgantotvertosien prableysdidpiae methl 59UdNEE- wat er. However, hot

[0018 ‘fq]\gdéa 3tenPlo d’% 5P X6 fl%ﬁlﬂf (33 lééﬁo@ffﬁfrﬁ RN Pderhart 28d Audra

and ted ara wak can form an
B. Caﬂyndﬁfalbﬁta&t gesofibdswht érsclesmré 85 e muethiniotfiremoving pavadiin depesits from a
to using hot wat.er,

roants S DGk BT S A BAGET SR e o o

tempefaﬂnysu?fﬁcfe’ﬁﬁﬁ Aich NG -thad tHe3oIVeh id a&S&t@deFI(JSS%J) WAt dnoounters the
Everhart and Audra B. Cary bstrP
producd:eg mnb@@n @h@th@tegﬁccrowh%ray@gathﬁéqlﬁ%’a g d IF ipttn

oot 5 4 5B A, PEEUE Ol s, o
not thé/\ﬁlbirgaﬂicenaiénaﬂs in the parafﬁn wax deposits.

[0020] Numerous attempts have been made to remediate paraffin wax buildup in
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

contains, by injecting an aqueous liquid that contains reactants which form nitrogen gas within
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tenperature sufficiently high so that the solvent is
at | east 1500F (65C) when it encounters the producing
wo eoosmsioon, and thereafter, w thdraw ng the soP@BEOB2@MI03467

di ssol ved paraffin. [0019] Organic solvents |like hot
xyl ene are able to dissolve paraffins and asphal t enes,
but not the inorganic materials in the paraffin wax
deposits. [0020] Nunerous attenpts have been nade to
remedi ate paraffin wax buil dup in hydrocarbon-bearing
subt erranean formati ons and hi conduits for the
production or transm ssion of hydrocarbon. [0021] In

the wellbiSesdPadiemtd dikplacds éﬂﬁtgﬁ gauldwuwh@wém@@wq ghe hygrgtatig pressure

to less tggx\gﬂxgg@gd BRrIggsgl?qr 1%8 (ﬁ nd Rogia of the &8 er@gi? ; {}%Qaaxsé pﬁld to flow from

the resdridbil {oAthé R@11P FRAREE! ﬂhﬁ;rbafdhoms&o@ashawﬂiel mmblgenlﬁgas-foﬂnepg mixture can
from produci ng by t he hydrg@éatlc pressure of th hution of

be an ainiepu EPIROTCRS FERMGRIBMISYICHIAF 864 FOAUHT FIEH e B equp o sglution of urea

and so&m%thlyﬁc?cﬁioqﬁ@ Sb[r bfy Q&&e@ﬂé s%hMUnQJT uféaraﬁﬂ RbditiPGeHitd aS

reservoir di spl aces enouqg ‘

[0022]l i Gl U.SoRatat Nche4 2,083t tssmadvvérlgltst] &6hy8pd e aﬁadven A. Richardson;
pr.e sure to le th t fl. Ui r

Ronaldagl g gﬁDeb]ac? 'Eh ]£1err1(g)s8h(§)rrev gtllef 5 &Cgelfglgb%shﬁe ddlsclosure as a

backsuféeQW ﬂtﬁd) Mrblpd pep®edtions in 4 wellasing tHat isFabetrenitly ibdviced by injecting

atent discloses that the nitro as-form ng
oot OB rRERTOB 0o UOP PG SR (O TR e s, )
a reac’?i&g !ré%&]dﬁh' { raikh e e Yufef) AUOMS ALty Gbaddifathands capable of

poc Ite; or an aqueous sol ution of UI‘?’l
subseqaélﬂlys odarudnng| tthmbvé'fer[ oD 2Mt 3 ﬁapyd profygtiept of\gas and heat causes a

backsu%lgé gf glgginm%qqgﬁa\ygﬂxgug \%‘9{] L TS P eft&lt?% dé\scloses that the nitrogen

gas-geRR b tei®antd b WRIsHitragdn-dhasning e&npchmdduné okigézimgaggat epmprising
backsurge of fluid through farati ﬁlnawell

water-gohalii e gplt ﬁétre%ctwbw@gmﬂgm?ﬁ%‘{} ?ﬂfior?l PEA%thg i nto

[0023& h?hﬁﬁf 4 Py M. eBBI089i1iksudd M’erﬁ ugmwml @mmnt./au Righardson and

nifrogen gas-generating reactants,
Walterr Badtrirodr.r Steankiing ddsrubds nidab af Fostion éﬁﬁdi E‘tl)te“qanean oil and water-

contaug{}% F?sgrgf?)hgt é@c%?tw cl{ielﬁﬁéalfl)ﬁhe%%ﬁaa% %elgf:tn%}&bﬁﬁ%d%tlhxts effective

t a raprd production of
permeﬂﬂﬁty&ﬂ @illBaihj s s esdatﬂmcikmmmmn@;s cxfntélhmg @dninpangurp frens and nitrite
| bore. Further,

atent further
ions, \Y]h]éh Aack %herﬁlé%allééﬂ Egeg?rﬁﬁqggap%ogétnétﬁ?%ent dS rgac‘f’gn&g@tcontrollmg
buffern e QURPmE SdtcahtPitide af @ MRAd Ot avHictothe dblitiog 1sa|gﬁ:ﬂted are arranged to
conprising water-soluble salts of, respectivel
pmwdammhpwmmgmrmied@r@m@iwﬁmaoﬁ?!se%éupemmﬂﬂ repAVE- s,

[0024F B0 e ﬁ\?’%@é §6§Si d bﬁ{gﬁé’c 288, 04D R2ERiIEAWRRhArdson and

rdson an the abstract
Waltefl BS Fairp @S thehatistractpiestrites tlm‘ dmclgum: @ rﬂamrbaassegelwaaﬁ etween a well

borehc\ﬁlzea tag(ri g%ﬂlt)tgllﬂrgrlleralg reservoir which are both plugged and submerged within relatively

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 tfle solid materials that plug such fluid passageways
are usually heat-sensitive and oil-solvent-soluble materials, such as paraffinic and/or asphaltenic

solids. The fluid contains enough total dissolved solids to provide a solution density exceeding
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reservoir is concurrently chemcally heated and
selectively increased in its effective perneability to
W@R010810%206Mj ecting a sol ution of conpounds contBECTGB07/003467

ammoni umions and nitrite ions, which react
exothermcally to generate gaseous nitrogen, and a
reaction-rate-controlling buffer. The reactant
concentration and the rate at which the solution is
injected are arranged to provide a sel ected
tenperature increase withim® a selected portion of the
reservoir. [0024] In U S. Patent No. 4,399, 868 issued

that of fNeQuidt i the bbRB3lef mcEdikmtra signifRiaohportien of thn deatigigtselutipn sinks into

Fair r ra t scr i he d| l.osur
the colmp%pgbr\ég%g@ 931,9 aé> ‘lﬁzﬁ? ﬁ 5%81?%%5& at o, tagt tﬁlec'plugged fluid
passaggv;gg,tserranean reservoir whi. ch are both pl ugged and
subnerged within relatively dense br| ne

[0025]cont a&t®daldnt Nohé4d80, %%Ilsé‘ilqd ABIVENL OB aI%‘T' g’f@ ]%1“5‘ the abstract .
[ WObfparaffin and

descriofl i A6 09%; REBREEY %}%.a?gk‘g%%rg??‘t%%éﬁﬂ%‘hﬁéﬁﬁ%r pPparaffin an

other Hyhﬁ)cbnbbimeﬁbm tvalis bypriisbing the dVEﬂlIs owithn o aédr taomigining g polymer of a

pmar 35S0, Rl SR BRBESPch LB e OB o e

detergedPlde gre%I" RlohipkiSest §aolyihdtgofs  Cdtrafdhtiictiaipalisageasbps @echol that is
usual l y heat sensitive and oil-sol vent-sol ubl e
ethoxyhtaderiftegthyleratideas paraffini c and/ or asphal tenic

[ooze]zo' indﬁ s, Fatot Nl 4 738! Qgé'l&ﬁe@ @ﬁlygﬁ 108t ab Jirss6d Pedshton; Hal W.

to provide a solution dénsity exceedi ngt hat of
McSpatltien; ﬁ\arari@ VailaSt:dneI-Idmnge Ngugen, g]@mdbstrmﬂquanss@thp isglgpiire as a method

t t | ut
for re ﬁ’@:H%FFé‘tOHP IqeROﬁlé %qxléﬂ%n e%gﬁ 8f Oﬂ%a‘?'r{)&% 061' tg%ne?ﬁdgﬁgggﬁ% such as a
subsea%ﬁ%elh@ athe AREAE cotpbisddl g gRPs bF iittdpeiag ageeayisolafed0digth of the

Pat ent No. 4, 380, 268 i.ssyed ril .19, 198 0.
conduikigpEBInReS Mt EFHID: H@reBQPRHEN 6 SEERPLEL SRHEMINLE] QU of an

aqueoﬁ%ofu@i%? \51?4 ¥ hgﬁro??rﬁo@Mut@dﬂ TRE cBBpSHIAERE il ¥heth€thod incorporates
renova I'n and ot her hydr ocarbons fromwel s
an aqdayusf sqlstmnnghtch@omhs@ inksith nilogen-geBeretnS corgrencyls| ipgether with a

suicigt SRt OF ey fie 1 ol LR @ hufierel i AR HMhe aqueous

i g e et e
permitting jiteodaction efcthe compgyenfs,inty de lﬁ%} ﬂﬁ rl@l \p/110r7§>5¢%5£hon of any
mgmﬁk%lgggxglgﬂ Bk i’h_le_:g}?%c%l_%g ge\?ﬁ.lﬁgcg ?; é@cﬁ&g‘lpgrauﬁﬁl\@ ;h{yegahg dfiahe W¥raffin deposits.
In a prefistadaiotm,de sysialine nevifieti ngey be incernesated Fie H&?dhmcalbon solution.
After %gﬁgﬁ?x\é%ta g rc])ﬁlﬁll;ofgsn gcr)nlﬂg u %nthg 61% g&%& Bﬁ‘aff 3]1t %é 'rgﬁlg\ﬁ’écdsgcém the isolated

conduisgionhN EFurthbre teedated disolosssi thetswhdmngh@ pgrog«ﬁn-generatmg components

i ntroduci n nto an isolated |en
comprise sodium nitri %e {n a concentra’?lon ranging frony BQ{W een about 3 to about 10 molar; and

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

heat generation caused by an exothermic chemical reaction, in aqueous phase, the temperature of
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conduit containing the paraffin a pre-determ nable
anount of an enulsified mxture of an aqueous sol ution
wa@pas@stoydr ocar bon sol uti on. The conpositi on URBEHGBRO07/003467

t he net hod incorporates an aqueous sol uti on which
conprises in-situ nitrogen-generating conponents
together with a sufficient anmount of a buffered pH
adj uster to produce a buffered pH value for the
aqueous solution to abate the tine of the reaction
rate of the nitrogen-generdting conponents to a | evel
permtting introduction of the conponents into the

the forrh&DbierdadixipgitoX486F (126°Ch nPheteagmnahteangonitodiad £ gensrate pre-

portion of _the reaction r ired to.effe 8 rine i
derchg RSPt KRETH Y ETUFELLP gl o5k LOURES B i
the produ&hy ShAhdtioRCcrbMEy bilRhtelBiyglda el per atlkterfotaionhe The radial

‘hydrocarbon sol ution, After treatnengf %ﬂg.sol tions heat i
extensicmnf senhastpd: 1sgionis solupetipnoefy the AWACted 83 eHBYRY VP % beat 1s

transfexla«?cg Jg?%@gsx%ﬁ%gy E%dﬁ@t%ﬂ ﬁ’)ﬁugﬁtﬁé B&forafell SntBALE Formation areas of low

ereln nit r_ogen- gener at I ng . .
permeabiinp areeqiallydeatedi Ee exothiermicmeactipn empleyasedsne afftifeanf grmonium

) rangi ng from between about 3.t0 : .
nitrte RO Peiie Fi g ALt SR BB A PaHep o G B sod By gjesc. The
resultir%o&ﬁle it fott dvatidsed esbedeléeriodshe thothrmatior. (Thitreactip) 0&TFs as soon
paper by J. P. Ashton et al titled "b$ S%hu t f
as the S},@@magﬁ i%meés HPﬁWed%Tfﬁeﬁ‘_Fec"fdﬂgjﬂ _és Pff‘%]éf 8fc E15C9 Olcﬁg ﬁ‘e reaction
being (%)fne ﬁ%?@&ng H{e% Spg Igléﬁ% QEMELA GhERSRETTHIM 5.0M8)8.0. 98Bk reaction is

es the thermal stinulation of wells
faster dtn loweepHt Gontoloy effetted prhdhatithe teaetignobpainsgraivghy apdprogresses

heat neration, caused 0 .G '
sty 5 T R B B R P e e o
meters 286 FEREe PErfRStide AR ragtiotPratetin@éased nd d0es hilfreamounts of heat, the

reaction rate is controlled to generate pre determned
temperpivGL RGNS o HEAPA BRI R SFE B BAPT SHUATJEN Wit Consequant

reducti?%% fhe .t&ﬁﬁerétme%ﬁﬂe%@eﬁfsoﬁﬁbn.br ine in the producing

rmation creates a heated region around the well . .
[0028per Froba. iPatent NTh 1 858 laissusd thehuianh2.0F998 He Geglgs By Kbalil; Regis K.

regionjs.a funection o 2 LNjaec t A8 based th
romed e 1 RRATED O] bIFSFEUBANRELE, PERRS, basd on i
Nitrog6© GeH&hiigNS ydkmBghuldideinpe foossatacbfi arpaeriv sdlyerfin riaeh rseful for

areas of | ow perneabili re equal | ted. The .
e doprgmnel poeonaB et B SRR v Bl Bygicton sy
and or O IUiLEa1sE tb B IRAHEQHSMIBA! SreMiistictsh@ethdaclohlusting removal
products being nitrogen, water and sodlun1n|trgy
i

The
of paraféisigl dainrge,bnil preduasiongetes being aesteerd R HEPndRFIETSS pggnt more
paﬂicuﬁ%fyn‘{i%éﬁzetg:a?p%cell'?orrtﬁea%é&a?(%lgtoﬁ?f&&cﬂ% SARRAS by Means of a water-

S are m xeaq, presence of as .
in-oil @atokly Senerbivgy eaulsion! sysfent, vehicle gompyses kibe istepd rie (@ ypreparing an
aqueo%fjs{?flu?t{glng)_% bﬁ—ﬂ%h %Iilgg;% %qqlgﬁl‘?t}oaléigltl b Boms.d Poe6.5191r;] &5 p?épa;iﬁé) M aqueous

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
organic 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 NH,Cl solution; (f) adding 50% of the
emulsified organic solvents mixture of step (d) to the NH,Cl and 50% of the mixture to the
NaNO, solution obtaining thus a NH4Cl emulsion and a NaNO, emulsion respectively, both
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faster at a lower pH Control is effected such that
the reaction begins gradually and progresses slowy as
W b@sssdoat i on is di splaced throughout the prodeCI/GBR007/003467
string at constant rate. Nearly 6 1 neters above the
perforations, the reaction rate increases and produces
huge anounts of heat, the tenperature reaching a
thernmal maxi mum heat being lost to the environnent,
wi th consequent reduction in the tenperature of the
spent solution. [0028] In &S. Patent No. 5,183, 581
i ssued February 2, 1993 to Carlos N Khalil; Regis
emulsidRe BRihg kAprhieicRagitatiouj () pumpmgasltramltmwsibesm fsewelt the NH4C1 and

NaNO;ERig RGBS B REERGH SRR G BROSENCL s gy ojiaing an

equimoBR ¥KBbR bethRes e é‘on&b‘bﬁéﬁt& nﬁﬂtﬁrd ks gevard prgdwing nitrogen and heat, .
produci ng formations. heat generati n wth t

while phl isrkspiebetwesact-§ end 85 tﬂ@fﬁhé AtleIghe ARTEINg &) \%’ntf?“@g E‘E’g displacing
it from Ec1|1es’$eﬂ lgy RehRSFIR o?&ﬁﬂ%l‘ﬁ?‘? h arp XcﬂchQé siihéagyst em for |ong

renoval I ni ¢c-damage, oil production
[0029] at BsU BePatentNs t59486d18& ns*u@i/lmuarmdﬁe 139¢6cto PRRER pHeté ard Michael J.

oS B3 i R Bl P55 B g AP RR rom

the surﬂibéi &Qﬁlﬁeﬂﬁ}?@ﬂlﬁﬁbﬁ QqEipkikfil dURing Yl tpeoductibn bh nfedlm:gr dnd @8bsequently

he steps aring an agueous
dispersGIENHR Goooiior B BRHOGNNIIEE 0 Ponr CPRINR A5 pgreigfipr compound

hich ¢ @kt R UEOUSpf! '%}m%l\@&@samhﬂ)w v8 the melted
w Chcoa)r(f}:egﬁ?&lépth'll g ?ﬂomQS toéﬂé1 OM (c) prepari négh%an o e
fragmenfsgﬁmhe(xlegodment m xture to achi eve the hot dissolution

oosof E RFALA RS ETIRE b 1) 2020 AR NSl . e

abstrac@fde%ﬂi%e‘é' {Hie€ Hist10sirl €asmiaX protessC QTP Hies dserineicheraival dowaping of a
2.0% (e) adding acetjic acid 96%to the NH4C
hydrocg@»oattra@ﬁnusem C@a@lﬂlh G ORI, ST SPRPBE IRt egnduit intermal

effectlx? MERL SrdBtid B coﬂa‘?ﬂﬁné Eondu@ Winea Watin-8n @nﬁ@%n@f:o currently
m Xt ur e e NaNO 2~ sol uti on obtalnln t hus a
to the Nddiﬁ]:tmamﬂdvsl "Ehe: famdman NeiNgRs inpngasicoreaptarip augh, gingrate nitrogen and

heat, V&’I"%Hlﬁ‘f J g%l?fglfc’asrla %{&%pqsecpv%hl n%%%tﬁ@&ﬁﬁﬁdfpg}a cal@%m@éﬁg' A%e amount
ofremsve& lre(aiﬂﬁ is lfr?m{ﬁms@esﬁ?g(thmfmabﬁltmmﬁh ieffedtive viid@. and

031 S T R AL P, B TP BpL S5l o
Plugglgé éﬁogﬁ)gs%hglp@f‘a%s b})A@lJJceAﬂH Ng§1 kephaviel WaeAddissr Hﬂdicott Fogler,

after 't he punpi of the treatin
pubhshhdspi Aum@ 2004 foy ol (Ureveusit o by inkia#m 1SPN: A 486%9?%% han abstract

descn‘tﬁs Tﬂ% glme 1?611 &9 séﬂeﬂlledof tég Qﬁ% gl:ﬂ cgtaﬁvst %%% %@éd to fuse the

hlghlyaﬂdthl&‘lmb aedc‘udn ng?xggm arrfﬂru];mab shilpadx amﬂes;)d?ung Z;rmeha a fused chemical
react1q%:3(§3%{)tss§£tgmg?ﬁ&e 1t:11r1]18 ?elgacég wasn%¥z{11r1]e% lg)yag:r?cfagsurfat&%xthe acid-catalyst in
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

pathways. The rate-limiting step involves the Sn2 reaction between aqueous molecular ammonia
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the surfaces of oilfield production equi prent during
oi | production by nelting and subsequently di spersing
W0 b@saaesits. These nmethods utilize an acid cPOpGBRW7/003467

and a neutralizer conpound which react exothermally to
nmelt the deposit and forma di spersant to renove the
nelted fragnments 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 therno-ched cal dewaxing of a
hydr ocarbon transm ssi on conduit, which conprises,

and nit@béretrioasts ¢ Sormntitrogamitre Thergtivationsnengy of thefreassiop was found to be

., treati. t he .wax- cont ai nj S Y th the value
about ﬁlglyrgphqxaiaqlm %V c\’ﬁlna %odg%aaérs?«éegir F‘as}rofagﬂg el{hr:l#\%g%% t%il h 1 e value.
found frbi@Vnolthgaiematislingn The Favilitated rdiffigeoyi of hgdropemigsviwayhfiom . the

generate nitrogen_and heat [

: . , Which fluidize.the
polymep atartaders depBRIGPANRIRSS L e ﬁgsﬁlrm{s’gﬂ EPRARMEY o e
S ?ﬁ%&l ssOlitibS e citdiad fiffisios defeOMMMckbdses significantly
Ovmaugg%éggﬁﬁgo e ?%ﬁaluinternaf.effectiSe vol unme, [0031] .
with ah finitialPefesedins ther ¢aati¢roppneentiatipdthey spproashesic mit at high carrier

Reactigns to Renedi r [ ic ' - lution pH
concenfAtio ]ﬁg\ge\ﬁk eI age. ﬁﬁtﬁaﬁéeﬁi&h g\f/ %}e;&?h%ér}g /gé{\}l aglg?)f aﬁ@so ution p
which 866 btmdzaeie facilitatibn sffed Arhohugpesous20idoydiffhsion model can predict

Uni versiity of M chigan, | SBN.O-496-69361-2. a . .
oo L 828 R SRR i ot gsion
rates Vﬂfic}{] Qgree'&eﬁll wiRCh e ARALARY SdsuMRSGotEedhrbeméti et ded simulation and

I ghl'y exotherm c reaction between amoni um chl ori de

experimerdalgeiilts forrthe FCReysteman botbhetchinadiflon] condiiiops gias pghegypd. Bateh
.system e ti ' 1 . "
experng%rg%%gomegﬁaﬁtéh{ﬁegt %@e}a%&?%%o\éﬁ?}é&%ﬁb%}ﬁfhge céltg)%é%s %fa%g Blo grgenc coating
and cah BecRad hspng e 20 dpsts| dowmickberimentst demaensirafiod ghat the FCR system
pol ymer.. The hi ghly exotherm stem.j s. ‘
conte G b BB B R SE TR RIS By e e o
of effelivel He@fis deflcRht f/sBRELAM Pl dHealdd depdsin IFlid model dotf thelFCR system
crude oil production and transportati on operations in
in flowsesnditions whpalse erdendedtq apbsings typikad sEREEHRIPHHS: r eact i on
in SRLFD i ¥O699S BALRASF. Baugh, th
[00321: at % yz'%o%a}?eg{t :@ac‘{’u on ylsgﬁg\rﬁ%ﬁ%}hgjconcent ration o?ugh )
abstradt kiescribactht dischpeeiae 8, methed dfjtakingngemgtetheperased vehigle to the ocean

pat hways., The rate-limting.step iny
floor S8 PO ASBE U RS AUDITE PROPDE AP rieiy SRnaeN T nd sepestedly

circuldid 5iat® e BibdthtHeanadlatricallpemactanically,cr eemiagily gcross the
the reaction was found to be a? ut

65. 7 kJ/ nol .
outer suxfpesr ofithnpinpling to malidy deiR A Pew i‘i@rv@%&ﬁsﬁvw {pfyide of the
iel.ll% with the value found from nol ecul ar nodeling. The
PSS cilitated diffusion of hydrogen ions away fromthe |
[0033pol JirEunipetre mbieation NbeEBY33000hpupished Janennd, 2006 having for

nameddi%%gnrtcr)?s Qlee?sotljggdnrggtlfe éci)urgataing %aﬁ%g ﬁa&% I&%Jlill, fi8d ff:ﬂl‘ﬁary 22, 1998 and

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

and said reducing nitrogen salt; and (c) removing the fluidized paraffin deposit from said
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overall rate of the polyner dissolution. The
facilitated diffusion effect increases significantly
wWowak/o3e06T nitial increase in the carrier concePET/GBR@M003467
then approaches a limt at high carrier concentration.
However, there are optinmum values of the carrier's pKa
and of the solution pH which give a nmaxi num
facilitation effect. A honogenous cheni co-diffusion
nodel can predict concentration profiles of al
speci es across the diffusi® boundary |ayer and
pol ymer dissolution rates which agree well wth
conduitewheeinthe tidhyddestibt activBooih alirees aBphatio sppalpgihydride solubilized in.
S|nulat|on and experinental results for the FCR system
a polar prgapi§sAlVEHt ch and 1 ow conditions was achi eved. Batch
[0034]e>< p&i HEBAtstratA e theddpliblishel bEats toctearsimtd pareffint wank Idepbs1ts in
by the thickness of the polynerjc coati and cag ¢
hydrocebmap@eamas forgrgonss op 0 ith gropdUitsyfy awE Hﬁ%’fls of “HanSfnission 0
el FoCOR bR d
yaroof SRS BhftholliBe alhe Fﬁnﬁ%‘ﬁ*ﬁ?‘ﬁgﬁpﬂ% "Ve heat
in-situ. This |large amount of effectlve heat is

sufficient to s mfﬁj}h‘ dglgposit. The
nodel for the Ow con |t|ons was al so

[0035]eXt§&§|)?(ﬂn§ % dBP la¥pebNoRtheyipid@dibn,su metied isippetidetefor increasing the
032] In U S Patent No. 6,939,082 issued. Se$£ﬁ& b The
temper@tur EsepiiorpdrropfuitusedAerghe PTOFRCUORLY fRRMISHAY g0phon.

methodj&qifﬁﬂrfﬁy{h% S & kg% Rl 'ﬂr&m SR iERice iy a oRekAlled; and (i) a

e ocean floor to |land on and nove along. a
first restdis ead pisgrehil neacabbVEhfirstisheientané second resstanigrg selected for being

eat ed| i rcul ate seawat a
capabig S B P I Fot eaog regje eBkoRE i IRE B 380 Rgnd reactan
are in %Htl&frstf &Hﬁf;l?\f}tecdﬁfc?]ﬁtfhﬁofm ﬁlelthm&rher fheidt toh%eﬂleal’:eeg tbq:oretlcal heat of
reactmp,%%gt }e:a,gsl qogbégﬂter?o% %@‘%ﬁ%%% g&%;éﬂ%f at ﬂ:ast one of the first
reactat?ﬁl\?/cz E}Q%égb% f}eR dnf ﬁ%gspeﬁﬂ‘édaﬁ’l)fllé]nanz&%ﬂ@%i 00 d fferin thaﬂﬁ @dapted to

ors Rodri'go Souza and Carl os Nag
help cifttal itle, refeseeaf tharmagtayt B, thi gggicn AHide ntherpeifod ﬁﬁﬁ%%ﬁpﬂses the

vet hod f or Ther g8 ducti
step og-e %ﬂ(g.] cHi$ ’[E)] I}é @J,Iln epen%ctl&\g?glbfgn&ilgﬁ%eg?fﬁa rse Frooléc 0n or
Ummn&@ﬁmkﬁﬁymb&ﬁmmlcgen1caI dewaxi ng of a hydgocarbon '
ransm ssi on conduit coptai.nin ara epaQ
[0036}et hseording e ,agcpth@t aspiet gF doygntio f] IBT&I?(&S 3 cffor %%&e%smg the
tempetiﬁ?c*g?j 0B TSR D IcBn@A e Q1AHE brodBEtRn (ﬁ'Qﬂﬂbﬁ'ﬂsﬁlGﬁ of hydrocarbon the
cient to fluidize the paraffin deposit and to

method enmprisieg e stepseaf: faeying rpreaent Hgthcomeriviag ) o paper fuid; (i) 2
first reﬁ%ﬁt&é@ Ir?dslg & n'ta%acltagg %ﬁ}%peu‘? ﬁletﬁr?c'}gac%aﬁl't ?ncf AN R8ctant are selected for

renovi ng the U|d|zed1§ara
being GEROK b tdaOlidS mgéthendu iat ,exwfhemat rehemecall e¢agiieny
reactargt((;a,tr(:e'I \éara;xtﬁ%@a suf] ﬁc1e1l1tn§)?1£entra 10&)shat & cacrggrogl%g rt](;] é@l{ehﬂ@ a theoretical heat

of reaction of at least 1,000 kJ/liter of the treatment fluid; and (iii) a catalyst for the reaction

gtﬁ,rgjnand second

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.
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a polar organic solvent. [0034] As denonstrated by
t hese published efforts to renedi ate paraffin wax
w@le@em32067 i N hydr ocar bon- beari ng formati ons orPCNGB2007/003467

conduits for the production or transni ssion of

hydr ocar bon, there continues to be a long-felt need to

find a solution for this problem SUWMARY OF THE

I NVENTI ON [ 0035] According to one aspect of the

invention, a nmethod is provided for increasing the

tenperature of a section offconduit used for the

production or transm ssion of hydrocarbon. The nethod
[0037] COoMfter$emdnbiag siteapeatfient Floidinteghe conduiit the freatpent Huid is preferably

conprising: (i) a.carrier fluide and (jl).:a fi :
allowed, &, £panthe a‘i%‘&%l‘)[ B n?eitag{ea]?lafr?m?h‘év%f idrelsj%snr@é a2 gﬁl&teatg}leg t fuid
preferal1§ G s @AEGAD hy@oCarb& ot B fiquid e isngdadpahpezatofe and pressure,

réacting together in an exothermc cherri% |. reacti N gisplaced
which can delptrisspive #nd svepvedboprIatia Jtaka nithe 4reati ﬁt“d! Céﬁitten ¢ displace
from thg g%]cfg:rog'to? BndfiRIEERLD HihHind Parb fH8 v 8 Ehef debticth df@onduit.

€ a theoret heat” of reaction of at | east

'[0038]1, Qzokding iotannthef asphe of thednvaation.fa method jprewded fog geggrolling the

of at. | east on f .the fi,rst.r {.a 0
release Qf 7t {1535 0P8 rga[ffa&g Qh&a ?Xr?ld}e elcc%?érﬁog?ﬁlﬁ g:jcghlﬁg %&%o Plﬁlc? metho'd
comprib@rtHR 5B oft $a)asiapigerreacraitelith € eolynekictiwenia) ebereinghe polymeric
the reactant into the carrier fl uiﬁl18 The ne

materigl i qapable O hping budrated cands \@?}erofv_he{em PLLOKO ! ﬂgvgater is insufficient

! litd Foi naRBl b QhiffeRAEt halkis@d poBimdiioanaterial
to Substﬁaﬁggﬁ%ﬁég% ??lgﬁlg% ssai on of ?1 o[rlocar b_on‘.‘1 [0031’)6]

 sticky Wdelprtind thetreactembirien matrend 69 drvies fhevarityren Themabpf gtplerably

i s provided for_.incr Lng t rature of a

further cgRIPYiRss 5t Sq%po(%{:i fﬂr’tmnﬁ?gt g‘% R e? ﬁté) tpgirig[gu ction or '

[0039F § aﬁs&ir?ﬁ'g ey anduielr epart bbihe investiore todhabispravideddor ¢patrolling
steps of: formng a treatnent. fluid.c i.Sing: (i -

the releiss 4 oty ioq o0 (P GorRif [PEAOT B0 S G- 4Ry ComBrising the

steps ogzgagnﬁ%g th¥BRLE bl @xbthérddic Fe8EdnARHth @PelyaREO Athterial, wherein the

ant” are sélected for being capable of reacting .
polymérogestegal i wapableesidhdieg hydsatet @ tery Bheteitoihe PEPROTHQH of water is

. an ecaond r.eacta are. | ]e Suffi ed . ke th
msum‘&‘B‘ﬂcgontsg%f%né%@y iy H{aﬁee ﬂgeap gllygfrm% I %I 1‘1t§ loggﬂegéergg%igwgt tO. fake e
polyméfiaasetircatisheailpdind @rahiabit info amatrizastd (b) dodne the mixture. The

kJ/liter of the treatment fluid, and (ii/] | yst
methog Bty Rt FOPIG WESTPP oRoPTE AN i S piRe L
[0040’]?605&%9@&& Cly24lt» anWhIRF @hdthct of BRKingSOWBlI®fmdrérial cat abytsdlling the
s suspended 1n the carrier fluid in a solid fog({n.ﬁshgt hod
releasd of adwpeastiono rdaetapt Eurany glotheraic BREHEINNY 2 REIE e g metho
comprisﬁtgog{egsgepgfo:rﬂr :(a trrgxg)!gﬁﬁ:lgnr\g;gt?%é R QbiddhE Refiert@MRHd &3 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.

[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.
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treatment fluid into a section of conduit used for the
production or transm ssion of hydrocarbon.[0037] After
WO niososhweT ng the treatnment fluid into the condeCT/GBRIWE/003467

treatnment fluid is preferably allowed to heat the

conduit to help nelt the paraffin wax deposits. The

treatnment fluid preferably includes a |iquid

hydrocarbon that is a liquid at standard tenperature

and pressure, which can hel p dissolve and renove the

paraffin wax. The treatment2fluid can then be

di spl aced fromthe section of conduit and hel p renove
[0042]t hermasroaﬂffbm wfix bacnt toheospusingn whctesrgoite, fqrowagple, a pure

solid, uﬁé@%ﬁ%&}r ey of&gm h%tnf SID fﬁ éna?rf {' tlggésﬁg% 81'3 refctdﬁ?gfﬁggdded in
the ma191|5le a [s6RE LARbslitiANofeXRilie oiisélid fartiabwith rth@remctamrmmem, or any

id. The method conprises the steps. of
combinpi@ercingny pr@PoHion (ﬁ@py ARG PIEMPRSOE F}}eatlpregmgr éﬂh% % i 19acﬁ1pted to

help coR@?lytHg{m a1 PBLEL bﬁihe 'recag&ﬂgﬁ’@s@luﬁgn b&d/Band YA at RibaseddTdhe reagent

erernt ortion of water is insufficient
into soluclos.ulhisdietpis abhtyol hbt@:lmaﬂa@lon hgd/pbth;rr@tmoé reagtien petveen, thejrgactants,

respect%é{% I\x& ﬁ‘;d{wtlt oc%né)i Le t}? k%a{{e of 18 c?l%%(lqg 'ragas?%' %?dés@nbed in the

detaﬂe& H@sc ﬂérﬂéiethe TieentiBd, ﬁ@@brﬂr&ff&éﬂbémwstdf&echnw alsqgowded for

f: f th t 039
WL ot W T T TR e e
reactanfgeiaqc&grr er ﬂ?f gseg%eﬁ*@fah&ﬁ’ﬂf thehédt R8rdabiors €l ease of a

hermc reaction into a carrier
[0043] | uThbse hmcmf Hodinganion icei heyprapiéced indspersently gy tagethpr, gThus, the

techmq?blgq;e §Caf) Xfﬁatp g}a[gg Rheexoottltl]e%r:mnc1 Ceﬁgtﬁ)%c %ﬁcp &e%b&@te%e the release of heat

Wherein meric material is
energy@RBAi@he of being hydrated, and mater mhereln t he
ortion of water _i sub

[0044ﬁy dﬁaq dse pessipl torvse ‘ths | E agq:or%g Eq éme élaxfe:ln n(%e?z%y the initiation
of the %lﬁ?ephﬁere&?iloﬂ R er SRE (fé{dy%he idafioM of feldast of }hﬂaﬂﬁhet‘g’}e This can be

yst 1nto a matri'x; and (b dryl the n1xture
used, fohexamgile,ad aﬂmfteneafﬂryhef t;wqtmemt fii resels ardesired Rastigfy of a conduit

e.mxture into pellets. [0040] According to
ﬂm‘“%ihmﬁﬁg?hh d598¥1od of making a solid material for

[0045F ONtThéde! ainfl @tHeh Objeéts s entades candtaspasse! tbvn vertza wilk bef apparent to
an exotherm c reacti n i.nt rrle
o perseroe Sl Go o FSHIG THENE HESEBS P i bt gdjments and

cons1d¥\fa{1gn§f LQfiwig material; and (b) formng the mxture
to pellets. Asimlar nethod can be used for helping

t o contr ol tB%IEEDMfﬂQ%@Fé‘I%P%WBW exot herm c :
[0046Leggl'ﬁmlf: gn r?é]g’tn gwﬁ% gﬁ%@%r J bbflor £GQ%$]ané\?orﬁ§§ﬂa1{1@F tBé Ebec:lﬁca‘uon

s to ormof material that
to illudfratk @@Gdrali Matripids| of thet prelient diveadorisn &héseudrawingh éogqﬁhqrdV1th the

descngltfpéltp g%g; rt(z;1 be!x%la&nn tﬁeh Sngc%lg; ?rt{uia Cmuxlze% i6nO" ﬁ{éahxlawﬁ)r@sl &b Sonly for
illustrating preferred and alternative 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

pipeline to the shore that is partially blocked by paraffin wax deposits;
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be di spersed and suspended in a carrier fluid. The
solid can be encapsulated in a solid form The carrier
wo bas@3wen have a viscosifier to hel p suspend PCEGBRA07MH03467

formof the reactant or containing the reactant.[0042]

The solid fonn of a reactant or conprising a reactant

can be, for exanple, a pure solid, undissolved form of

the reactant, a solid matrix of material with the

reactant enbedded in the matrix, a solid encapsul ation

of aliquid or solid materfdl with the reactant

therein, or any conbination in any proportion of any
[0048]0n€1*‘19ﬁrermrle ofgrdpheal oepegpontagon Phe g@aﬁrrhg)w@rrﬁqtqt@t which can be

sSR! SR P 55 o v

also ‘hak REpdRARAMIcdhBl @oa%@% WHHie disIdves 1hedv¢13r atoation0120- [h@0°F (49-65°C),
initiation and/or the rate of rea%tlon bet ween
fEY

which qap ke msest tegethardp a srigeflyid toptaga thp Klease RHARS F MR é‘?ﬂ'“’?aﬂ"é
[0049] d:f’f;l(rgﬁ;e %aa Sér%hb%ufg@h@ B inMeafl@neratibe that BartB¥eachieved where

lon-of the invention, severa
a sampth Witk oaebf ﬁwaaqmltw iafa todidHninyaee Zrebqynd WK mafrix that controls

at .l east e of th t

the selgit BRUSTE SHaRB oL TETE] TGy i flly WRkSled in the
Somnoﬁeaftapts in a car{ler fluid and the generatlon of the

heat of reaction 0043 hese aspe
(0050} g 1o & {hBuein g oY R BE AESHAL Moo, ciemppratre (F)
over terlthﬁ urE)hﬁ)r gLl qyl@z?sec(ﬁrboﬁg sHEBR Aifit tRte @ntdy@eous solutlon for the

ern1c reaction, and thereby stage the rel ease

exothehsiatanem@rigy obhmdetandr@odlpmomtr]te reactien, Fyhsse pduE ly}eehatvglg a single

use th t accordln
o ST SR AER B SAEELIEP GehBe HLUBHAR. Lo k@l ot e
guar-bel8ldakadthe, h Rbdondtdastieddiner leivagse sinflchempermties gyak athdbsut 3 hours

b d,
represe?n?s&hp ;E};Jﬂseglpqnu th%gﬂeg;(t&lr@ é}léggeéefﬁ@i lalpeg\évf %)Ié}ln%r—l{)ﬂ%mgfreactant that is coated

with p81ggﬂgi !hlccﬁﬂ&@ «pBAP) NGNS, B HAVRAE RS itéifiperbiQfRASdak T esbeut 1 hour
er objects, advantages, and aspects of the
and abomt\Beltmlrmpms¢ﬂtS the ovgsplhtempperaise af HEFSWHOBE skill in the

upon ead| th I
L K
cellulo%@@:ﬂ’[éﬂ ENoiGling izt RRAWINGohBAUE] thEhrelcascongreensf thy reactants in a
sotid ypacier BuTORPGo RSPtk ot VP oo SGPE By ek Brols the
releasep bESRALe 0By &RE BRS- fof heREosl Al RgEohRGEiBBI alidaly didelved in the

description serve to explain the principles of the
solutianpvent i ons. The drawi ngs are only for

[0052] Figure 6 is a graph showing the control 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
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
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illustrating preferred and alternative exanples of how
the inventions can be made and used and are not to be
weososuwed as |imting the inventions to the PCT/GB2007/003467

illustrated and descri bed exanpl es. The various

advant ages and features of the present inventions wll

be apparent from a consideration of the drawings in

which: [0047] Figure 1 is a sinplified schematic of an

of fshore platformfor oil production having a pipeline

to the shore that is parti®ly bl ocked by paraffin wax

deposits;[0048] Figure 2 is a graphical representation .
[0054]0f Fg@ees ishogtash ofmaddlayed, exvfibiic ceastipre prysessrvgicrgin an exothermic

heri cal , other . i |ar - :
reactonsBidebyed Bl et BERT BoL AR e FHay Gy ARG sequent reacton
is not offelWikd Etloikgohol .coating which dissolves in water at
about 120- 150F §49-65§é whi ch can be gﬁ@ﬁﬁﬁﬁﬁﬂsr in
a caPETAILEDDESCRIET N QEEWE&%%D#& : e
[0055]" & tealnlzéﬁﬁohg)%?&es FbOHEE ntodis FordEcdRbllmb QW drethbhic reaction in a
control 1n al generation that can be achi eved where

treatmet S lvehivli tim beesaf td Feilitata ghedissolptiom ard [clegnym phpgaffin wax
.. a guar-boun trix that co .S el 4
it U e PR B B G B46 LT bR, Bposicn
leads t@digadYordissiPIYR hnil Ainidiexaeme comtitiofsQ8aB o Eogplets blogkege of the -
_a theoretical graph show ng the exee ted increase in
pipelingss pppiediousls disorpebindrasiitraCAR PS¢ &r a st aged
[oose]ge' 8958 Qf, %%-ﬁgl@ggdtrg@@hﬁﬂhﬁe%ﬂ dohfpolAd 8 ¥agiely high molecular

ol ution for m ¢ ammoni um chl ori de and )
weights estiduamroom rtehperaterecaridogenexalip samitarfin comppsifien fpafptngpdzeils except

. single tenperatur eak at .ab e :
oot S o TREE S S P S R s
alcohoBU el Qre dlagse@ ahdng thelisigs oMtixeasieterriopkastia\buh ginge they are not

) single tenperature peak a bout .3 hours represents
high pplymesy, s goke ﬁ@nstd@}uﬁgle]na'gh@ rflémﬁyi %dé?%ﬁs-r e %%@gn Jyopgrties are water

repelle%%%ﬁ%?ﬁ?eﬁwwmxi '@?Heé&n?ﬁ@ihe(ﬂ)%d&tibﬂabﬂ)@b&dﬂ amflcolor. They are

and a third Iine having twp . .
combubiitp endhaveegqod alidecitic atnpetties; sebible BraogBEANISsH Ly insoluble in
represents t.he aver al 5 AL Hic LoD cti . 141
v S 0% iy P bl e
Editiof] U8 Rickarit InBBwispzm1cpriigkymet hyl cel lul ose ("CMC') as
inding materials for contro

bi ndi n | i t he rel,ease_o n R
[0057h7  {ReaiBRciam SIPH AT it A FIAER 05 ARG anga8t aliphatic
hydroc?ﬁﬁtﬂ)tng %PéIQQtHHﬂad B 2 SR8 BrableNE cafBnr ¢hairt; Rherko firmolasCalanse.

the rel ease Of n!tr.lte I ons over tine for react] OI’La
Their physicah fomniveresi Witk indreasingymelesalan wetght fromn gases | (eftgpe) 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.

[0058] “Paraffin wax” has the properties of being a white, translucent solid; tasteless;
odorless; combustible; consisting of a mixture of solid hydrocarbons of high molecular weight,
e.g., CagHyy. 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 7.
Lewis, 2001, p. 835.
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[0052] Figure 6 is a graph showi ng the control in heat
generation that can be achieved with one of the

WO @365 in the formof solid, undissol ved SPCTIGBR@7/003467
with a chelating agent to help slowy dissolve the
struvite and thereby rel ease anmoni umions for
reaction with NaNCO2 al ready di ssolved in the solution;
[0053] Figure 7 is a graph showing the control in heat
generation that can be achi eved where amoni um

chloride is first inpregnat®d on di atomaceous earth
and subsequently coated with a resin-based sl ow
[0059] T elApaasdageen, thatoldslityr of 8 swhsance| isaite cofceaiion inp saturated

i ons over tine, for tio n
solutiony; gy SHGECF . JPPTSh oL DUBa) e CRuE T RANERM usuall
considefid@Rbo10f1e 2 1R s'amﬂltgmmmétml@ datlad t"ethlﬁmn: eslsbﬂmé regicase the
an exotherm c reaction is_de aigyed before it glé% lft)l)étln
rates at avhinbl sejpéeidissol v ged Ediieaosét?%f)%trﬁ BRttiphare SR & foncentratio

eghe WEIA e ) d
[0060] [P 3L bR, heObndll B E%l%%%f[ 0055] Spprise,” “has,” an
“include’hareindli grampradval desations thq:eqnf ﬁm dack intensied EoRAVIEER OPERYy ngp-limiting

.exothermc r n fluid, which can be
meanm%@@ﬂg??f‘nfoéﬁ’fﬁ%ﬁéﬁfl‘glupﬁag ge §lol utlg%‘l and cl eanup of
[0061]Par &f fiicd MRin, Diginhslstohial “Giesttiund Ssevsmil drewrtiyahlycesiped and are

merely ﬁ%&%ﬁt'@ e o S s e B i 8ba hat he
words ¢ ; >Ld lhd O0Soh PR e 18 o‘ﬁ%’?@ln?o% R ok a8ia@f oftthename or descrlptlon of

el nes, as previousl iscussed and as illustrated.
the reactantFl EJJJIﬁlerrﬂ.Qre [ 10 G:519) be'! umi):fstqog that| thei- the merhgseodifhn tam ﬁrst and
ture or .co r i} | that possibili
o5 SRR 2 S0 oLl R s possiis
contem%laﬁ?@d' @ider e Gﬁﬁﬁeﬁﬂieimﬁtdn\fﬁtﬁn and oils except that it
y

contai ns no cerides. Sone. are cat bons:. .ot h
(00621, e eameiharAcehing oges sk VERLEBIILES g ey refening (0 and
showm?vgﬁ&?sd% XHIPIEY of B ItHth@e%ﬁoN\éaiP&e Bak® dnﬁQl"sdEﬂDm astic, but

ey are not hig mers, are not con3|dered

[0063] n Pieferdtdy thy pofcessl ‘aglt |(Q~)sbe e in F;;,‘sa@tlgg foj predugecheat pfjl after a
sufﬁc1ecpg %gl'?t 2‘%!{%‘? e‘cﬂ% %élmﬁeﬁtx Ao a sgé%yhotno&(f' £4dn¥iuit 6 86 %Efb(fl r@l‘ﬁbh may

rand col or are conbusti bl e 'and
have paaﬁﬁl 19edp di B abkiahtiallyrtdpeed i bgg,arafﬁrh wbfl €b)itreaths section of conduit

o ot o L gl P o L3 A B Bl e
impart %&1&& gﬁ‘:acﬁ%/ argrﬂin%ﬁ& o8 it tgg’e le%t %l@dng ant prefe@lMsSmeRO 0 1
f % "Paraffin,”" in a broad sense,

[0064]( novwaecading |t ‘ehq:eoresgnﬂ_y mes peeferyed eybadigent of the mventlon t?le preferred

exothermic reaction is an acid catalyzed reaction between ammonium chloride and sodium

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

NH,Cl(aq) + NaNO(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

kJ/mol. It is expected that preferred concentrations would be 5 - 8 Molar in water of each of the
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hydr ocar bons characterized by a straight or branched
carbon chain; generic fornula CnH2n+: - Their physica
wo 2008108257 es wi th i ncreasi ng nol ecul ar wei ght PCDGB2007/003467

gases (nethane) to waxy solids hi a narrower sense,

"paraffin" refers to paraffin wax. Haw ey's Condensed

Chemi cal Dictionary, 14th Edition, Ed. Richard J.

Lewi s, 2001, p. 835. [0058] "Paraffin wax" has the

properties of being a white, translucent solid;

tastel ess; odorl ess; conbug6i ble; consisting of a

m xt ure of solid hydrocarbons of high nol ecul ar
reactant®dli@thin adid (b.g.; 4636¢Hdd oPaitrid ddid) dNacxenlua‘eordeﬁdqouyES%fby weight. For

these r%@‘psaggs ggglésceg}gp%l@;itllgrgd 0] gt@wgi%a 1490 4&}&5 F%r} 297 %abced can be

calculafed 43 @1} owsaf-844 | kﬂmWX‘ GmORIs = |-I1673!H{121ﬁél€ THeltgﬁpdrdi’wre in these .
war m a ho chl orof orm turpentine, carbon

conditiafieswiringle, staadarddenpesatia andipesSIA] SXERFHSGiR B U gEbout 200 °F (93

°C). I%chfve% ntlﬁllasEc&e al g@eﬁg&? 3¢ Qﬂ(&%}? gb %g%cg%l G 101} %%atg%gvhﬁhAléas been

difficult&eebnbidl. €i n, the solublllty of a substance isits

concentration_ in_a saturat tl :
0066 O e, PR LB o B O R bRER, gy
chloridk $nd §6€9\hﬂ1¥n‘cﬁ&:"ﬁ§ 'dg@ fede ké&&@dﬂlﬁﬁtﬁeeﬂﬁhé nﬁ:ﬁ‘[elmd |aixtryoniian ions. Thus,
sonmetines called "equilibriumsolubilit bec

it is behmeégheapthmammog@nma@s andebpraiEiie its ol poly Eef&t@a[]exotheﬂmc
reactloﬁ ol lf')}ﬂu%p Iﬁg af gﬁ@%}ocﬁ‘&n Lliirige, %Wé@&l LAt 8 pre thﬁﬁiosﬁﬁreferred

erern In the appended clai s, the wor
reactant&;onpri se, ' has " and "include" and al | granmat i cal

o2 S B A A8 8 R ot

of the %&%ﬂ;t th Qrsoﬁd g% td BOK ?Honﬁél e dxdiheraiic) redcionso shet fthe heat of
“first" and "second

are arbitrarjly assi anﬂ
reactloa repcrggrisirgledsad onered Perpdipk e ditisadof asaAn e, ?Hgk Sor 1t should be
noted ﬁ-'xg{ fhe q%ﬁ&ola&t the lﬂlsﬂélb%fttﬁ)e Recidef 55089 etiBdto biMRtan@diBSaffect the

and Msecon serve no ot her purpose and are
total amotmtp(ﬁ]’}teaofhat isegamamdo r Thtes erci gsv¢rehexampl¢seof; &iffsreghtypes of solid

Fur t her is to be understood that that the mere
materigfg thap pary een%Pé?Bmd first" and "second" does not require

[0068] raﬁcécﬁﬁfu@ tB ®nadRihbolidehtlof the 1ﬁWnt1bﬁ,r atrlest bandf the reactants can be

L N TR T —
The sl@% GQLAL B8, QiR é)?(?ﬁ&t a ddR¥BNtd ﬁﬂcti’dn' tor Rt garediohed

reterring to and show ng various exanpl es of how
[0069] he Achordinigi to rangther @equ@tanfdhm%gnuqno@ng]ﬂst png foé thgrjegctants can

be encap%%eggg ﬁE ap eac]a[pﬁtlllgté#gt telqgll tg%gl% Ll'goﬁ& @éﬂshl'ggﬁlt fhe 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
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, 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 also has a polyvinyl alcohol coating which dissolves in water at
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sufficient tine to deliver the treatnent fluid to a
section of a conduit to be treated, which may have
w@ar0asios7 bui | dup or be substantially bl ocked BYT/GB2007/003467

paraffin; and (b) heat the section of conduit for at
| east about 2 hours and preferably for about 3-5
hours, thereby having enough tine to inpart the heat
to the paraffin and cause it to at |east soften, and
preferably nelt. [0064] According to the presently
nost preferred enbodi mrent ®¥ the invention, the
preferred exothermc reaction is an acid catal yzed

about 120d60{FoEHESC @R evhicneanriieursed trigethedia aerrierdiitidtn sipge the gclease of
as shown in the follow ng reaction (Equation 1): H+

one or MEPFEFFSEYS- + NaNO2(aq) > 2H20 + Nadl (aq) + N2(g) (Eq.

[0071]1) AQEEEEudRuhiesieht 6l b &ainedf for eamtpleyby orixinpebout 95% by
~_reaction shown in Equation 1 is -334.47 ké/nng bIt Lgﬁ ;
weight e feteadienty A%t b3pivetebF AEE. EBHCBINR PAVLENE AR 13k by weight water.
Prefera%g) tRE sﬁb@taﬂ@{llgfplﬁ% r28GH i©hatuPBy8R6 k8 fori dt BtaAdlard edntberature and

.g., aceticacid or citric acid) concentration of
pressuraoglt scldnbyitridei §har isRopolytheriromateridltthatican he hydipted. The amount of

cancept.ratjon, the.t ti.cal he e . t :
e SRTRNER' boRnb B AT AL SRR TS0 FfTpdc
polyméﬁﬁ(rﬁﬂgﬂieﬂssféibh!ﬁ & Delp bini6RO réadtahi intr a nfraga*x.t &hpmmﬁaﬁsecainabe mixed
these conditions starti t tan r te er. ur. an
togeihepraigsupeld PaEpohEtl ot 1B b HGoaBt RO og 160 Felets are

Vied ih D SufRELE ¥ aboBESUIPCAB: dbdukIONGrd @ sabasRRly édduce the
SuqugQﬁSéﬁw?g%E, wgich hagibeen difficult to control.

moistufe0@Bbdnt knd ite obleln tw dihal peodueth elnnaddéiant ip asting ge arfdaderothe guar-

bound h?)% %thriga- sté)i eg;?f abs%lt Ve, e ﬁ)mpé\% %gl%g‘% gF fhg Gf‘eeﬁ:%t §£fjﬁ1fmolution. The

e to e reac ween the nitrite and
size ofARA¥E PEILR &t valibdiss désired.sPiodratdy,ebe pélkts Grnéy size from about 1 to
amoni um salts and other nitrite salts would be useful
about ¥ypmedsraskot her mi ¢ reacti on. Amnoni um chl ori de and
[0072F 9 ALE8:Bink 'th taBoth BONRY BrthePERmIPIE adolEiES td YheM@Séntion, as shown in
Ere#brred reactants. [0067] According to one aspect of
Figure heopeas eHtof ithesotitl soac-beund redsfang £41, eptiogakly b goatedypr encapsulated
... |Least one of.the r ' '
it SR A RL L ERE OO e 8 QL Pt pl ok can et
to help @ tol @ferednaitgly rhix theteectaws toonoatrolathp edléasel obthe hiatf reaction.

i nstead _of as an ener i ke. It. shoul.d be no hat
[0073] he Aceritling| o gFt #11 %eggﬂég’o?e%?ﬁedrae’g&&egglt PR S}ﬁ%tda 401 reactant,
by itseﬁmleﬁlt ﬁgoﬁcpnﬁ&@étc&moe @nl:é_{ps@[&fe&% chhigolt té atle@swirihe edactant. For

eat that is generated. There are_several exanples of
examptti, fliceensppsulajipg snagdriak 6 e 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
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.
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materials that can be enployed. [0068] According to
one enbodi nent of the invention, at |east one of the
WO e@sozoss can be enbedded in a solid nmatriXx CROPGBSI0MY03467

a material that hel ps delay the rel ease of the

reactant. The slow rel ease of a reactant can provide a

controlled reaction for heat generation. [0069]

Accordi ng to anot her enbodi ment of the invention, at

| east one of the reactants can be encapsulated with an

encapsul ating material to 1drma solid capsule for the

reactant. Again, the slow rel ease of a reactant can
[0075]pr s ale egammsiatof @l inetrirlethet cambd medh@ateng@ﬁ'éﬁtmg apeactant that is

[0070], According to still a oth
sensiive o i G40 b BTAP Gt SPERLE AR POgpinTT Bofl ¢r Wydrogenated
ve adﬁé@@lldlnatrlx can be further conblned W th

encapsul ation of at |east sone, of t react ant that
[0076]e nAmiceicpriersr mosef tHeseamFipus tﬁcammuewa@ 36 CRY O 19g¥ther, o

hdpcogﬁghﬁgﬁ%g%gnéh%gxﬁﬁothern1c reaction. According to

lgure 2 is a graphica
[0077]r efFigasa ita graphcnhowmhcv cdngighth heabgemargtion that e heaghigyed where

ener al | herlc shape
a samp erY”é]@ Qp%l%f ;Iﬁaé’ ngse?lnl e%o gﬂgn 4 %%arlol;ouﬁﬁ a\g}\I oun ix that controls
the reléi@é 61 hitlitelib@f o’k fighe S rénchel Whrhydm@hmhmis doeaty ldgsolved in the

whi ch di ssol ves t t about 120-15
solutioniroHienEe S el cns OGS e ardy 1 (CARTTEE LI LQ&%H“O”“‘

or fasttIIégctfo §95 Cfﬁle&fls it ﬁg% ‘:‘rea[c%@ﬁg antss1 NEDOT kitkA SPINaO, in the

ound” r eact ant c n be formed, for exanple, by
presencm m“ agetmbmnd 95 Uebnndwbng shoves the ehange A tempRyRtEle WéqrgWPe for a

control ular%a(g dg %\ég%&% agﬁ% &%gugf I%I%’(aywi@ﬁ tgglcﬁt L N@H 88aNO, in the

y pure Feact an
presen&agﬂa&@dd g)éld n a sol |dd for m at standard tenperature and
essure, e.g., sodium rite. Guar
(0078 et Bimuse 41ih 4 Copsapish EPRPEIE B PAFIEY OB Py dr gty profil

(°F) odepﬁfﬁfeg g%r 1 QastdsicaRtor 8blid/sdauek Afuste (6 af uqmeop@mﬁuion for the

ficient to make the polyneric materi a
exothemtic cdmanfmuimeﬂ;jpr&ﬂermldt $pdigmp @@fl‘@nteaq:tmne Wélef?aq dirsg lmphrgpresents the
1ncreaw Wp@éaﬁurFﬁigﬁ Pootge F%?agr%ép &} oﬁg bma 96a et Ssgco_iﬁ_ﬁgﬁélé Yepresents the
subseqﬁ@ﬂt't&hﬁer@tﬁ& Sighaed ueledst pf d rglumdboumd aeacmnt,l that tvasatedtwith polyvinyl

t 800C f h
sleohol (VKD e RSP (6 OBBHLISTRRF oh Bt SEEGe
[00791_|_B ﬁ%ﬂrg 508 § OBt {HAG IS a Q:oﬁipﬁﬂﬁfn ot Bear gkiaitiey ndd dasboxymethyl

also acts as a vehicle for a s|low rel ease

cellulos €‘GMEE) mbm@mgtmatme@s o5 | conirelHng thearelepsaofgne %@%freactants in a
solid 1%21}1: gii g&%r ound, Vyganltlﬁg RBind &3 EPR- b8 eANG) }hatﬁ)b €hat controls the

Size from’about 1 to about
releasc@6f @ffite 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
release of solid form NaNO, into an aqueous solution of NH4CI in the presence of acetic acid.
While each of these materials to some degree controlled the release of the solid form NaNO; 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

solution for reaction with the dissolved NH4CI in the presence of acetic acid. Finally, the CMC
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[0072] According to another and further exanple
according to the invention, as shown in Figure 2, sone
w@e00at05200f t he solid guar-bound reactant can optT/GB2a007403467

be coated or encapsulated with a naterial to delay the
rel ease of at |east sone of a guar-bound reactant,
whi ch can be used to help stage or increnentally m x
the reactants to control the release of the heat of
reaction. [0073] According to yet another exanple,
pellets of a material conpt9sing a solid reactant, by
itself or in a solid matrix, can be encapsul ated to

as a bin@éhdtaial dblaysdethe sctensobf thieolidefaon ANO2Huto agsedwysiue solptien but did

ot i AR S 55 Bl YL b B ik, or

combinS RIS it &r hvr@oLHRR GeitdrisPH dxbedst @Mtassl fmbelpinyrerbntrol the
or sensitive to an increase in tenperature. 00743 é?

release aff @xg]p@ﬂf@ngffea@;ta@ﬁﬂ@pi 3 aqueqps SelHtoR f%gtg Pw{poses f the present

inventioc(:“plfl1 f@@a% ?shggéeﬂﬁ%glerrﬁ&?faﬁ%eﬁ Ratdet ﬁlaﬁgﬁ,’l\!\ﬁ y di ssol vabl e, 4

osarr can used as a coating or encapsulatin
[0080] Rt &dcoAifing ©hjet asetherkinsisdines of theainaertionaendissalvicg ﬁgliids stgavite is

. catalyst for. the reacti.on. The ¢hi o
wsod in gyl e PG ah e o P h AR SFMEon 1. Sty i o
magnesifth WnhB8hiuhBhdshRte taaki eavthys tahgouabs tof sammértiunli Emel vilagnesium

in an acetic acid solution mou!d achi eve, del a

ammonju mh‘gsph,a,@ (MgNHe%Q{%HﬂQI @%?5]&' Py gL, a‘?ﬁ??@' ﬁf’ 12 melting point
(decomprfﬁ%e? Euji) giagééér%f;b}n% ?@gpﬂﬁpﬁ@, 1,250 SNSRI Inddi RYindoluBiR Gt akbhol and

to an increase in tenperature

water. @¥anipy’ e Condarsed EhgoicglvDistidnagy,cléh (ﬁdi@@n,%i{éﬁ)@wa{ d@wis, 2001, p.
vegetable oil. [007 0 .

237. A\§§?rp t 155%‘8?“’1 it%{heé ?SS%{R@E% W&Eeé,gh?)%\éeg%% r@g{ sg)lh.gofl% %141&%0 solutions and

the disddP@@nhE T strut@e Rellfd et 10l bet dnbarcel dgghe pfesauce ehelatang agents (e.g.,

~ [0077] Figure 3 i raph show n, ] in.
citic. fghealiT et SaAesdeRRTh SRacctel 4 SrAr b Wi Bhnd onto
magne%ér%eélﬁ?% g?rbg)gcrl] .th{rag?(s' 5?*] béhtfoMinB B8 cond@Hstidacifilie chelating

N r | e release of nitrite ions
agent, i1ie potsitite td oontroddlast disvolwtionrofzstisite aRd henes ta|cpaielythe rate of heat
di ssolved in th ol ut i ' i i . )
conro o R sy B A o e b @8t vi

one of YRS Akt |18 dheoforfnastt soli¢ amidinlved stoniteoans! s chalatingregent to slowly
hase reacti ons of

. P ! 5M NHACI wi.t h .5M NaNQ2 i
ol 98 VBB PO QBEREY SUF0E SRRBIUR oM g SHOR PG NaNOs lready
dissolvg{ilqtpglgsblgﬁ&ﬁnperature over time for a controlled or
slow reaction of an aqueous solution of NHACQ _w t

(00815 mcbmding (NGRCEN e dibogiraasint e msiion; EhegNHDl 1 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
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 NH,CI with SM NaNO; in the presence of acetic acid reaching a
maximum temperatare of about 190°F. A second line shows the change in temperature over

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



[0078] Figure 4 is a conceptual graph show ng an
expected conbi ned tenperature profile (OF) over tine
W@ bwanset or a staged rel ease of solid sodi um PCT/GBR@7/003467

into an aqueous solution for the exotherm c ammoni um

chloride and sodiumnitrite reaction, where a first

line represents the increase in tenperature due to the

rel ease of the guar-bound reactant, a second line

represents the subsequent tenperature triggered

rel ease of a guar-bound rez2@tant that is coated with

pol yvi nyl al cohol ("PVA"), and a third line represents
d1ssolvéchNaN‘O§ r1ﬂ| the tp@éﬁﬁﬁd’ea(tﬂjac&tlofacidhmas‘mhgltal wAxinju0 giperatefgr @ about -

140°F. aﬁ dhlé @ |11B6)$ S ho}’ghgtggeﬁaf Omgg.%éu%%t;% a%é"‘{/a ﬁo;;{ dwe%ﬁt \3apsulation of

. NH,CI ?&Eﬁhg%hﬁa&ﬁﬁmqeﬂ 5r%é Shbbhiel goek eade Bhrth lise sfowshie change in
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eactants in a so formas a uar-bound
temperatanstwidna Béla iy, W@Eht@N@P@@l@W IFRAGDINE 3 Marimugh fggerature of
abmﬁS&ﬁf rel ease of nitrite ions over ti.ne for reaction
h ammoni um i ons al ready di ssolved in the sol ution.
[0082]AS EiBav#8 is griaphivRa delafxih dxptheshighreactibn prasessi wighspin an exothermic

t |
reaction, g AERAMOPIDFR § PR S LSO IEY S Rir e | O ample of 2
techmqtl% AR5 Llise@ 8 iy BRirtactihidctndeatsingh ntites er atkhibnd @)Ihmon and
o some degree controlled the rel ease f the s
delaymfgdhmehas«:@f amraptsl ol 6Pl of P Rmae REgPE ﬁﬁﬁgag&os includes
encaps ?Jg%t Qv d t}zén }ﬁ\ge'ﬂis $F£§%é%é£&tbhrt@&elﬁﬁﬁfe@t‘ﬁtlal release of

ete release, i.e., residua
themmgﬁmﬁﬁmﬁgmﬁme end of the test period. The xanthan as

10083 o G rrab TR R EuOOTE SBRUE SR faep Lo When 2

Vlscos1ﬁ@&i?ﬁﬂd°i§ ug\édtt'a c‘aﬂ? tigH REQhNME dhé\ﬂgﬂﬁatedrmtrh@npgae sen pmduée a foamed
acetic acid i nal | t he CMCas a. bi nder

fluid. Hab heleeyed th@t ﬂ]@|f @pd caehelp Preyides Be frﬁ{yom gﬂntrolhng the
release u?eosgl?r ggﬂeﬁt{e@%’ﬁgh gg at greatly control or sl OW

S expect d that each of these binde
[0084]Tat ar adalition to thesabowverdesaeibédosiratsizies ior wntralling thsrr kegeerpf heat encrgy
ria

to helpctgﬁlg p%rlahfrh@ppgf egicrtl-eq%lct sq%%fztagts ﬁftﬂe tréa%eﬁeﬂhﬂa Buld®e made to go

ormreactant into an

past itfél Sk %&Jﬂférgeﬁ&ﬁndrhﬁf Hewt, puises thafcldudepgimtes surfactant would tend
I nventi on.
to pengfeatethe @prafiirg@%{g];ltsAc\gB &gtéer%/getr%}&ereg%f ﬁ(régrfl ' egi]ewecr(])flgfﬁons the

smfact%t x‘&v '“?L\Ylf{bt PPack4d Qbﬁﬁ&i NEGels Ol BngSthe Puiaffn ifblddaRRel with them.

nium chloride i'n the reacti on shown
Thus, ﬂhm&ﬁergentﬂika@fﬁectrdut to Qte(hpatm@wilth ANOREGRE spifratantiseRbgRed to add

cons1dm§%g§7%%§%ygﬂ,ﬂ%a%%ﬁ§ 16]h os HhG r#&\%f Kﬁmwg%&@ sgrfactants would

vary ottt Edde RO VE basid € Mk trighl sut factane oikighepaipatted tebavepo gleud point at

t o magnesi um pyrophosphat e, P207 soluble in
least laculéélegﬁeﬁﬁsahom’ﬁﬁ’é ambicRf ST Ngd s

[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

reactant are in at least sufficient concentrations in the carrier fluid to generate a theoretical heat
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wat er. Hawl ey's Condensed Chemi cal Dictionary, 14*
Edition, Ed. Richard J. Lews, 2001, p. 237. As
W@ 2008032067 i S known to be insoluble in water, hPOEGBR07/003467

but soluble in acidic solutions and the dissolution of
struvite is also known to be enhanced by the presence
chel ating agents (e.g., citric acid, sodiumsalts of
et hyl enedi am ne tetraacetic acid ("EDTA")), which bind
ont o magnesi um t hereby breaking the solid matrix. By
control ling the concentrat2bn of the chelating agent,
it is possible to control the dissolution of struvite

of reactidicbfine hast 1t@O0ddNitteralf thdvecatmens fluid; odat lgest spme pHf. least one of the

first reg:léq%g :agflqtg%sé@cﬁ) rrg%ﬁanggso \gﬁ??l lé(if & Cao rgt hcg lrt]'%rrrpo ]llb?%t carrier fluid; and
(b) mtr&ﬁl%ﬁfgafﬂes trbdimlehie LR et a sedtiod, of! ra;dnckﬁo gt fat rthev iptegluction or

a chelating agent to slowy dissolve the struvite
nan&n@m@h@ﬁh%@&ﬂ@h@élease amoni umions for reaction with

[0086] Pohce ﬁza #e%?rqylyd |56 Qbatethd an& h@on%&itfbftlbﬁ@ ar¢ 0QB&led to generate a

anot her enbodi nrent of the invention,
theoreticli]ldlehl-bfﬁihadtlsn bf)atrlchst h600 K/ obthiedreptorent findr e

[0087]; n_pérg haé)? P\{%ﬁolgi] %hl 3 Eg@ner a ?etdhtya}%g)w%)g&%eﬁ)ﬁm between the

first refcPt 88l WelsBoohd r&Rtant. bﬁﬁ)ﬁdprsfeﬁwly, ehesodid fanpe ist adaﬁ'thé to help control

particle size was 20- 40 nes I S.a
the miinoop fhyciRElogoReR SPiaf (oo AL TD SRR 5 RSP g itin any 1
hour p%y g Vg{‘g) %%Btef aaaL9098 thﬁé“to’EHltHehtt 8t th@&%a@ioﬁﬁél@énerated within a

a test solution in the presence of acetic
period at bcknosts biurhe Mhe purprse il tothee therhentyofrsaction elegfes nwhgther at an

ener.atj on. ure 7. a.fir
even x§f Rohs st o2 et erge AHE Pelaristnd BpChif B pteg bu
substa309 Al @ tHe@@atnefod 34 reﬂ@@dﬁl within afmamqu efdusirs dVostippeferably, the heat
phase reactions of 5M

of reacpre Sarlesed oV TRSTId ALARRY S HiCHG S RoMRe HLFAPBIp Geaelid form can
comprl{tgé aPROY bwd WFereddt sSRE Rﬁﬁls iR thrdt fianaeihfbetween the first

enperature over tine for a controlled or slow
reactant @ad theseconfl rwcm%lmylfmetﬂyhﬁtaém apsul ation O NH4C with
qugousdi ssol ved t f &‘%ﬁa{t&ieﬁ‘%% i
o e e e A
fluid, ihb r$611§ Hews picigatili aﬁlgantmlly eomprises quaﬂlculatdﬁmateﬁel% Mf)re preferably,

ht encapsulatlon of NH4Cl reaching a nmaxi num
ﬂw80h¢mm@méﬂ&P%a%ﬁ 43 BKeh S14D0F, and a fourth |ine shows the

[0089£haﬁﬁ§ chitiel 0T %ﬁr@fekh!bﬁy Yhriises 44%chyifi@d gdvint. The Vlscos1fymg agent

ncapsul ati on NHAC™ reachi ng a maxi mum t enper at ur e
helps slispadub acnth@ﬁter[aD@g e Fuger Hugl. | Fop eé‘l“ablﬁ the gs%}fg&lg fgent can

comprpg a% {Nl %ﬁ s&gﬁlg?@ gn*é 31 Elg%&*?ﬁsl\/[ gg@fefhbﬁp ﬂ?exﬂgcfb‘é‘ir%% agent may be a

ore It gins Dy a
polysab&lagids esdledtell sfysherhe Qreurexampiséngf ofa hydroxylalkylgua1

carboxyalkylhydroxyalkylguar, carboxyalkylcellulose, carboxyalkylhydroxyalkyl-cellulose,
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
disclosed in US Patent Publication No. 2004/0214728, published October 28, 2004, having for
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techni que that can be used to delay the reaction
i ncl udes using a neutral or al kaline solution and
waledoawsag’ t he rel ease of an acid. Anot her exanpCEGBR2003/003467

techni que for delaying the start of includes
encapsul ating one or both of the reagents for an
exotherm c reaction to delay the initial rel ease of
the reagent or reagents. [0083] The exothermc
reaction according to Eq. 1 al so produces nitrogen
gas. When a viscosified fl22d is used to carry the
reactants, the generated nitrogen gas can produce

named {@BES ROHEKCS. Tdyldrs Gl P.dwelheusat, Minkacl daddeoeyimnd %alﬁaghava
hel.p .provi de a, nmar, f safety controlling the

Reddy, pyichds cgpropteks ‘glb ?'ForreﬁYeeIB “B ﬁ 9 nitrogen gas.

[00911l 0Q§éblenéthﬂg agddhd fe@ﬁerft@sdlé&ﬁsd&b cg\zﬁexdtemaﬂ bmmmnamee]guean aqueous
for control

rel ease of heat e
solutlomm teagaﬂ@fqarrrﬁr Biefesably cAPALTes AT aers ﬁﬁ?g‘}é’%tﬁrn‘iane‘?ff Feggted from
the grou c&%ﬂ%ﬁ% Je’ %a@a{@?uﬁrgclgﬁl WREL ﬂ'é@h@ﬁ’cep %H anly Soflb@iaflon thereof in
% to the generation of heat. Above the cloud
any prc@@t’tm“n The saméraﬂ:mé mtefevahlb/d:ompn@pstq)hmmogttbattlﬁ@ liquid at standard

e

depend the r@a@bﬂi& lsélébted ﬂb%”eﬁ@ryteméh‘d, inhichtrhey mqmﬁ i aqueous solutlon the
ecules with them Thus, E)I ter 'ﬁlil? effggrgon in the
carrier dyid i§ GeRRISHRIES Hepenndhioggrbon, o elhie hygro
carrier %?c?ﬁt s%fjec{eﬁ tﬁglg ﬂ{é d@%ﬁﬁ’ g&ﬁﬁltlﬁg SY-NGLAY oil, Gkekdiend) &hfafrcﬁmﬁ’uc solvent,
fenopva he choice of surfactants wou
and any abmbmatlen ﬁamef tlro agyaprepdiion.s Thyyecare |S?}H‘tte‘§ thrrthg él?ﬂlty to dissolve
woul d be expected to have a cloud point at |east 10 -
¥afegr ees above the anbient tenperature. [0085] '
[00921°C CPicehrily,t thet f€atinBite ﬂtﬂdofurthar metdpuslem 8 q:rysja/lhxj@dmfd@ﬁel’ to help
I ncreasi ng the tenperature C
dissolvgduapaaFingHE. FRIDRHOR Bodthes nah pah BRoIgt of B b the deposited
Y. t BRd4icQMREI & Rdltbd QaslfP svaaf frofnajedepositing
parafﬂpo‘g%ﬁp%g&gp??neat %eg?vfl UIld conpri si ng: %a carrier fluid;
elsewhared a first reactant and a second reactant, wherein:
he fif Lant ¢, 3R] @&t Rktant and th
10093} ¢ i ftprl SR EHRE I RIEL REARAEERGH Bhkcalich, ant and fhe
secondre@dthet] MdCanghacilye|are prbdratiy furtiee sdlectet foamdt Badenany detrimental
reactant are in at |east sufficient concentrations in
effect pmthe@ipelifer fluid to generate a theoretical heat of
[0094; ea% 4, ol Blst kaaeht dndBR dedddd FRttadt akhisd peédraintselected for
and at | east sone of at |east one of the first
havmg"aa@tatﬂan]b' lmdcumogemgﬁdoﬁ'fé%f‘élpﬁnt is suspended in a
[00953 ?g(g{mn e H% w6 k&’érgblyé}&%dls&d L @EUE dBg not set or

sectlon of conduit used for
solidifglh@heﬁémdlﬂie treqtment fhtld amm ﬁmlfonadybﬂwm%ﬂlb spnduit.

[0096] More particularly, at least one of the first reactant and the second reactant preferably

parafﬁ_nL

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

ammonium ions; and the source of anions comprises: a source of nitrite ions. The source of
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[0086] More preferably, the reactants and
concentrations are selected to generate a theoreti cal
whe@B/0sdo6T eacti on of at |east 1,500 kJ/ of thePCT/GB2007/003467

treatment fluid. [0087] Preferably, the solid formis

further adapted to help control the mxing between the

first reactant and the second reactant. More

preferably, the solid formis adapted to help control

the mxing so that: (a) |ess than 50% of the total

heat of the reaction is ge?®rated within any 1 hour

period; and (b) greater than 50%of the total heat of
ammom;]ulﬂe ione preférably cemgeses paamthonith helidg, gtk np¥ pilergbly g propronium
halide ‘iogilljﬂr%’g%segnhe o oseg]{osgn é,@gll\14 [g?‘e %fa?% n&Ist ages, ﬁlngltrate could
also beld}dd. ButMRinSdonfidh Ketrata if hes pedfaasle tetadealf 1’9@9@),%1Vﬁsnamre And

avoi ded, but that substanti al lll\é all .of the heat
preferaly, the Serrseel HiitAiqRS SOmBTTeSy b KHHEES: HPsTos) PRl @‘X souree

Ofmmtgh&sfgggﬁmggs LRkt bei S rel eased over a period of
to about 5 hours. For exanple, the solid for

[0098]c arDepeniing se tlat sdlastion of thg figptfreegtasend die ggoqmshfegctant, the reaction
may be, %sg%{eg?lh togr{gc? X g%alé;& Ofor eac?& éf‘rﬂgc Qﬁ'éfﬂi’@ﬁr}ewﬁ%nf‘deﬁ%en the first

In at |least two
reactanf hﬁgﬁl‘é seE&ﬂ&%&c’céﬁﬁ CWhér hélpfuher nedessany, thé xtiep @f derning a treatment
help s end the solld mat er i al

fuid profeihle Fher SRRRGESTRRABE § “EHBEPL ATy Cop e toflyst fo an

exotheﬁ’rﬂE Eh&fﬁkaﬂtr@acﬂ@ﬁ Sétbv@!:n thVEk® réchbesmthy secbﬁkﬁre‘a&hmtd
terral is of 0-40 nesh size. [0089] e carrier

[0099]f | Uingthp r:méeﬂfakrlegctl@o pstUiltERgs2 aatwgcﬁ@umi}h% gaiggcouyeean further
0

e

substarBRIRAbtER: bebwdeattBe fisotadablant gudl thersacbued mctenh alhis $jep ef delaymg the

e 5L 25 S 1 2202, SHE N OBt gt e

begmnﬂlgac{) th@i’e‘i’efa% ¥t @k Yt G dactiGR vRxeas hkyihh y(dreast)sa:hlk y>|f goaof the first
oxyal kyl cel | ul ose,

and segadlyeaciealsan| ahsyyb,d é@@yaqs Weng@qaml ggl@per;g]ﬁpﬁ z}paﬁ)ach to controlling when
the heag gﬁﬁ%ﬁ‘%clfn\/% f}fel?ahsec‘fil Qﬂ?rq o tdiSisd OF SOk Q:’allaﬁ}g th"érb‘lart of the reaction. For

eéreof 1 n any proportion.

examplld Sﬁ‘@ﬁdléa)éd: g tlkg emblystamay wcedreafter (SWPI@GOD@ Q:fr@Q SRt §as been
ver, the trea

t .
e QB s ST b SRSl S0, Py g e

heat e %}‘ isRI16FES BbYed b€ moirs SR eifedion gtepg@]n’eleamnf thesteemergy depending
han with additives that hel p the viscosifying

ontheagmrﬁtof\ﬁh‘t sediddpran pf gi¢ cs Pt LRBAHATH the carrier fluid

NG I

[0010@'Eb| | cal-[%l éél gbq%oﬂﬁg%é4%%§%4 gﬂeﬁ%l f?i EéeidﬂrLﬁ Qe Foﬁ blg?a%&f acid can be

any maﬁﬂél, thbamehg of dissavieth fhecerrieo fidRupRsy feashing gydegpin f ature to
yeHAIn [Pt

release the ac1gk %urt er, the Iéﬂsscl)]utmn (ﬁ' the p()Cfa bgﬁc &g%ngl whig B@gﬁpected to increase
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

releases the encapsulated reactant at a temperature above 150°F (65°C). Examples of
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Reddy, which is incorporated herein by reference in
its entirety. [0091] Depending on the reagents
W@ 200805267 t 0 generate heat, which may require BET/GB2007/003467

aqueous solution to react, the carrier fluid

preferably conprises water. The water can be sel ected

fromthe group consisting of: seawater; brackish

wat er; freshwater; and any conbination thereof in any

proport| on. The carrier fluid preferably conprises a

hydrocarbon that is a |liqud8l at standard tenperature

and pressure ("STP"), which can hel p dissol ve paraff
encapsulaing Mbﬂeealp et derwbloy, melsipemaintyinofeseangesagonpsiude vegetable o
based- %{eﬁlalgs%t?ﬁg% Jratet earfse rs%%lﬁ D GRse. MO | uirfgyUrSe%{eﬁfaN%n6 153,236 issued

e carrier I's an enul sion of
Noverbad 23 Zmolﬂwhhemardipdsrandmu preferabl y, the
ydrocar bon in_t

ootof) S SESETRE FRLEeind! e SBheChS Lor s o

ammori®h VSRt and2hReki@ MénC eEdEA ?r!;toié ﬁﬂaﬁi‘eﬂﬂ)}f alnnadidnyand more preferably a
proportion. These are selected faor their abilit)

carboxglicsgaad. v Mcp‘ap@fefrpbly,v\ﬁg acidge ggl]sctpql &pgy thg| goup %npr}/sh}gg acetic acid,
citric %ﬂ%ﬁ g cq]‘?:n aplIyg IE(EC, atfo‘ﬁ refe%?%n 3n§ rﬁf«%o’i‘héﬂ n Q?or this particular

SO vet paraffin wax.
reactioff 46 hcaﬂ lshmd l‘melﬂfédtlse tccmkeh@b pHchfslsQ)Wv‘@r orthp P@ERT fipid dlogs than or

dep t ffi
e o) 55 BFORL i BB 20 e PGP BEBAE B e s of
dvelay'u%1 HEWIELSE of E}QOa%?ti tomelp'ﬂdiéihi tt@fbefgméejf gy s&‘tbsﬁanheldeﬁﬂron between
their high heat of reaction, rst r ct ant

the first hreactrat emtitheasaeandrieactapbd FaR 9X%%ﬁ aithe fien 4F By éﬁ%ﬁlvse of the
acid cafg%ro{r% %ﬁfﬂrégd%l%gz?gas% a¥iang tRMeadednk FoRNt al  ef f ect

Further, the first reactant
[00103Nnd t mmesspemﬁd solideranof areactaint capbefusedatsl songiel thet wixing of the

reactaritg% q?rv e e t el %H ¥ \é\é,'e%(:%ﬁé@%sé ap h%qg{e%%la%{egdy release of at

r ea ment

Jeast oRE 6f @E %chénfs%ﬁ&l E@Itﬁﬂe@ steidyt taetofintixihgend nectisgtor eny combination
solidify, whereby the treatnment fluid cannot itself
of such pliesfees.ent | y pl ug the conduit. [0096] More

[001 o@ﬁr ti %r%gllr){% g, a&ccbﬁﬂ‘%ﬁto QRE eﬂli)oﬁlhﬁ:nf off &t iKRaGé R Me Nd form for a

e secon ct ant eferably is a wat er - sol ubl e
reactaﬂ&toa{pmbs ebing avrledstsahe f abddapt enpeof thesfirst evetantnandyfig second

n act.ant .eac ter-sol ubl e
rea"t"“ﬁtdf %q“ge(ﬂ% i %’gﬁdwgﬁwﬂ‘)otaﬁ%%érﬁ”l FSt IX@eact ant and the
[00108§C OndAéd%ﬁﬁﬁQfH ano AP Eb&limeaiterf deahuditien, 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 control the release of the

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

forming a solid matrix, a small proportion of water is added, which preferably is an insufficient
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materials, preferably the first reactant conprises: a
source of cations, and the second reactant conprises a

W@ owB08200T ani ons. Mdre preferably, the sour ceP@f/GB2007/003467
cations conprises: a source of amniumions; and the
source of anions conprises: a source of nitrite ions.
The source of anmoni umions preferably conprises an
amoni um hal i de, and nost preferably the anmoni um
hal i de conprises an amoni um chl ori de. Ammoni um
Sul fate and Ammoni um Ni tra2% coul d al so be used. But
Ammonium Nitrate is | ess preferable because of |i

ts
- proportxptoo sibseantialiyu hgdrain thep pelymetip| patetitle bybys culiggent to make the

polymeg;; t@;%%r%b :so 21 gl%}?lg gh Qct%% Kﬁ{o a Maklyd. T Phe ABRHARThN be mixed

e 1 0ons conpri ses:
togetheP Qb UMmdHdt ﬁlhﬁrﬁ, whh9&dn fﬁem&ﬁdiomjﬁ(bmtd! lsmal gleBetsi Thespfpellets are
the first reactant and the secaon V
subsequeat drieth fragapwladipsred BV« f’x‘g’a RECHe S‘t%qt?%th"%lrs to obtain
the ﬁna?@ro%)ﬁ&t RETa 080k BE Rt as aGkdet, ARe p&&iﬂéﬁbbdnhﬂirff hr[aﬁix also acts as a
t ant and’the second reactant. Wen hel p E b
vehiclenfor esstaw yeledsh @fshepﬁagtant saktnintegSolTiane af e e © thege pellots can be

varied ?q sze bk’{eﬁeé?% th L pefidip (Ilngelﬁ 31zfe %Jﬂl ?Olﬁl 1t foCAbBEIY mm across. If-

! ONPrITSi N cataly or an exothermc
desir edc{h@ Fﬁhﬁ@kmfyﬁﬁqkllarslzbehmhemmﬂoﬂed by streanmdmtquahd t he

econd reactant. [0099 the a of a reacti.on .
[0010&]equ, Fi POgaRsuIEEPs s | re]f‘ Pt Ht gg’%n? ageo%@ﬁt yH?canmamX’ the

encapsﬁl%ﬁﬁ@&r erPQéHa{dgsﬁatteﬁﬁ FtRAbBI cortlisay b Rentdrivelubtl pegmerdd material.
tatal yst to p del ay the begi nni ng of th
Mors ulsstapi bR o e ble R TP Hgigieh iy sclgripd from the
econd _react.a | he il lvzed

group GRS Qo B 00 AL o T el P ey BBl ol
polyvifd RE&aE hpdlsbwﬁﬁlrliylimhﬂdmeg a]klybcd:blag]scm |eﬁ1grscﬁndt dstery ef @k}glecellulosms

of the heat of ereas havi.ng
hydcosgt liih GROPHG TFPET SRS CONRCE e &g Sk, SR sohubi
polyac%ﬂ tE9, 'W%te@1 sﬁﬁﬂ@ﬁa@fyﬁc@ﬁ%ﬂd@dﬁﬁﬁfmm/malﬁmmhhydl‘lde&opolymers and any

nt r ol l'ing when'the heat of reactlon rel eased
combirgation therded it ariveriaRorBen. abessd ap Jhst et BisdBFERPE, dgperson of skill

the reactio a[r@J, OtnatdpRlsCald anysppropriate
in the ﬁgwlg%&aﬁda tSgir:(()’{s,]t%ae"‘t%g }eﬁpéﬁ J)(}?mt[eﬁie&?%g%t ants has beedr?ljp P
physicalebdtdsfoemf foomhidvs % odleage fofrmactant (séien aedesired [tas er pier a desired
reaction, such that a small initial spike in heat
tempeigfEt-gy is all owed fol l owed by a nore sustained or
[001 o§¥ eppegtdrRitRa t?e f6f erld @il a€iRE fa Gactiad ©n dinbgdding hheadfmt i @ matrix,
of the solid formof one or hoth of. the react

the ertcaml@@pg mee@h%déy@ Pestsrial caR RenBRAHIVA glontECT flog ofor example,
POlyVlrﬁgl]a?%thlgo e gﬁllla%&fs@eg bRGIIGa BOuRA. any material that

S or ve 1 n e carrier fluid u on reachlnﬁlé
[00110%r t aumaspmmnaapsmletmg;omnwémgmheeraﬁé ican r:@m Faferial fhat melts or

dlssolgelxgtggtlt ut ! On {]llg.::, E)Zg e?alsg r'crle{eiagtarﬁafo? ra!naexo\fﬁgﬂngc p&%c’[lon. Further, the

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

extended to release successive portions of a reactant as the temperature of the treatment fluid
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with increasing tenperature. [00101] By way of
exanple, the polyneric material can be a material that
Wo elogasws7 t he encapsul ated reactant upon reachPEyGBR007/003467

exceeding a specific tenperature. In such case, for

exanpl e, the polyneric material can be selected to

rel ease a reactant at or above a tenperature of 120F

(49C), for exanple, polyvinyl alcohol. O a polyneric

material can be selected that rel eases the

encapsul ated reactant at a26enperature above 150F

(65C) . Exanples ofencapsul ating materials that have
increasésOWAtHRhéH A@casivatmslehse dfhesaants g gencadte somA sif yhie available heat of

veget abl e oi | base epcapsul ng materials, such as
reactlortf%§1éthfé§%9t%€'&tqﬂﬁ %&? efﬁFéNo 6, 153, 236 i ssued

[po112)ovenge fwa%%f PR ekanlaal 165 PBlyEREP diaddriab ban b@ﬁh]@?e]d thitisolve in

articularly, for exa when the first a

‘an acidicesajution; svhgrain mwwm@:%)mé (FORRESSY WaiPR & & Hﬂm? Y& gt pH; and

whereir] ﬁ}e%g:;/?éﬁlent Sit il @hﬁ%ﬁ&{rﬁ%@ﬂsf %?gg?ed%ﬁaémafcﬁi PUBbERReayad release

i C acl the acid 1s sel ected

of the elfcld} thd 1ISII€ of Itlmmatenmrthe samigt ﬂmdemtdd hedothe asidie,j wehigle pan be used to
actic acid,

begin 19, ¥5{535% FIRC Oﬁé)Pet 68%}?41@%?“%?%%0 ?gfrfll ({1h L gmple, such 2

polyme%la%!itgnﬁ% %Ht(%ﬁﬁ' M@nd x ﬁﬁé@nﬁﬂﬂwﬁ%ﬂf ddmmnvmglﬁatel which enaterial
carrier fluid |l ess than or equal out

would dissolvedn anjageticirisl solpsians ﬁ’éheﬁé’far%eﬁﬁl P %ﬂw ftifgaf polymers.

[00113°MPr ' cgﬁrdH%q ?2910 er exg BbEMeRDARC I BARAS BieQblidl f@m comprises:
cidto egli nni ng of any substantla
havinglae &t somelreft andeast ameoffther §itst reaptontaand the geconé repstaghi a solid form

ant. For exa the,.s

that is ]néq?lg an B?u gatg&r%d 8&731[? &rb}lrlstrtr%gtglenf ﬂc %éh‘lﬁﬁsésh%é ent to increase
the solfiilifATRudEedcthit ihReitdrr @aspeeific e&hmpld of [sﬁk&lﬂﬁf}mﬁ'ddanent is when the

specific solid formof a reacta can
first reaaenticomprisRs: mﬁsmq@mb%mmﬁ%m@eﬁ@ﬁ &in ‘ohd R b, SPigPlggn water

at a ve sl&b ?atg"of bR fnsgﬁgﬁé s&onfi %a@%ﬁ‘c&ﬁpﬂsgﬁa kdiree off mﬁlte jons; and

ease o east one of the reactants for
whereif am lag)drit ¢l ist@sel yher ratecofhflisselutionpfhel MRS RIMIANIHR ;Phosphate

conbi natj on of
COmPIISES-a i:l}f?aﬁlgg Age Zrlfl %%éoscrle%ﬁ?ﬁf e c%quﬂnr%eaé%rtltﬁg ﬁre@éﬁﬂ? k&ected from
the gr&@ J:(ﬂlsfsﬁﬁg'fbf ofitrie dceBcllalit satio wp ilykmedibirietegraadetit aaist (‘EDTA”),
sone of | east one of _.the first reactanHF?nd t he

mmlo@e@%mcsdéélﬂifér& apd anyrio@rratiop fheteod 81 7 RHPYH wi t h a
[001 1Efrby gqf kifouiBh &l Rbstodd0 84 c Apde, AaE Aedidh@iques aNdbkedmbodiments can

ment of the invention, the solid form conpri
be advﬁnxage])uslgamd aynergmnpg]dy ggg’ﬂchéng%er i varions compinations ozttwo or more

techmcllues to ac N8 destOf mlxmgc’ br [8aGHA00: ABfhehR S&EBAUfter a specific delay

period and gradually or in stages.

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

of: allowing the treatment fluid to generate heat in the conduit. This is important to allow the
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reactant is encapsulated with a polyneric materi al
capabl e of helping to control the rel ease of the

wo e@sn3s7 [ 001 06] For enbeddi ng a reactant hPCEHGBR007M03467
matri x, the enbedding nmaterial is preferably a
pol yneric material. Mdre particularly, the polyneric
materi al preferably conprises a biopolyneric nmateri al
or a derivative of a biopolynmeric material. More
preferably, the biopolyneric material is selected from
the group consisted of hyd@&7oxyl al kyl cellul ose,
xant han, diutan, guar gum chitosan, i

n an . .
v paraffmqthﬂepasiisahn@mdheianupﬂgd begip ér t;qugq_or[l@tl Br;z¥erably, the carrier fluid -

oo £1 85 30y b Re 4ROl I el i LS dridvel thdldeposits.
comprisei 58 SyiTF bl S ST o S T rt e A
Most prefiibly, RiF@B@st, 188 nftihodsfi@ther Somgidseithe wskvipod: gispleging $he treatment

is an insufficjentproportion to substantially hydrate
fluid fromhthe gesitipref Fndiit erial , but is sufficient to make the

[0011 sfo' Y G SrofFBd Bfab@Mimhis CkMor-Rnfeedubfabbidss taigedr B2th¢ armdtment fluid,
nto a matrix. The materials can be m xed to%%;her i< solvenis
which ihnitiditian so pravidieg ridetersehex: Bifechrcanralsp Bdp £ PREGLY FgaMe SOV
) Ll .pell.ets. The |l ets are subsequently dried,
that Wﬂf%ﬁnbilg Nt ﬁ'leﬁwag d\s? %S%g‘m oven at about 80C for about
[0011 9]-2t hOPlﬁestréa@ngrhtfgﬁm cztritﬁaﬁsd ]hervialpopnr pxgmtodegrqcsgwnm m.oéﬁ;f@ structure
acting as a binder, e .pol yper - boun s Qon-ioni
of the alepasiiod W) HPENE! OHESPISKG P dREdObf rb%?{g@&r Shith, She Hon-onic

surfacta%?s't into solution. The size of these pellets can be
varied as desired. Preferably ) [

the pellets var%whn. ion and
[001203i ze T aiditimda thelexamplpsdin cxothemig EFagEQ bty eefaIpagum ton
... the unjform of l,] ' : rdak | E@hdhost powerful
nitrite igRy {g %Jieﬂtﬁnﬁ é{%ﬁmﬁl ulgag.be%ﬁ%‘gf Sl%géplé;%cgatg;%ldgt ing a | ,p ,
oxidizih®36dcBBhs @vaipbleeddiegFantoEaRaption s Rf raterdsk Jbeggyge it is highly
encapsul ati ng or enbedding material preferably
exother@®grpr i ses a wat er-sol ubl e polyneric material. Mre

[oo121" ef erfb/Rntoh Qr REXAP folel ydiied perokidel andt$éerrous iron catalyst
'golynerlc material is selected fromthe

(Bauativoribi Sthemgraideps|tyohenyloval BEHbRETORR JOR AU 2 Qpigiy) free radical
The hyé%%t%%%{aﬁ%gpﬁ rtllgél %Jg%éry %ﬁﬁ%@’ &5icP @hy Vi hd us2@@é akidize and break

Fro cel l ul oses, ethers and
apart ofahRfsoledulal Kyl cel | ul osics, hydroxy al kyl, carboxy

nmet hyl cel l ul ose sodium dextrin, maltodextrin, water

sol ubl e pol yacryl ates, water sol uble pol yacryl am des,

acryl ifgcgqiggpmal el o> arfy/te e +dapd| yners, 6wl 2hny

conbi nation thereof in any proportion. Based on the

teachings of this invention, a person of skill in the
[0012%{)t deaerb&n@QJ ExdiRernfl RELHARNkIE UL @bLsh BEPXidPahatmetal ions are

l'ymerTC materials and an appropriate physjcal solid de and

also cdridnmlited ashiodues axidieingapeciest sucharstthnreaghiaree! hydyesgp negpxide an

time or after a desired
copper 1ons.

[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.

Also similar to a regular combustion reaction, organic destruction by the Fenton's Reagent 1s
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tenperature. [00109] Alternatively, for encapsul ating
a reactant or enbedding a reactant in a matrix, the
wepmap3wbati ng or enbeddi ng material can be sePGI/GB®7/003467

to tenperature. For exanple, polyvinyl alcohol or

hydr ogenat ed vegetable oil can be used. [00110] Thus,

the encapsul ati ng or enbedding material can be any

material that nelts or dissolve in the carrier fluid

to rel ease a reactant for an exotherm c reaction.

Further, the dissolution o28the polyneric materia

woul d be expected to increase with increasing ) )
highly &:giﬁbﬁmm Llﬂlﬁike[cﬁﬁlbﬂlétion!:hwmlr,,Femah mg;q_@ds tassonlla@ﬂ withefoaming; -

of the reactants is.encap ated.in a firs ' :
often verythepyyagndithigk i @a@%gaffswﬁeerga%&ﬂt esppeially %’\R/ga?gé/%ﬂ(’%nds with
high arh SRS 3hHH0OE. and another portion of the reactant is

encapsul ated in a second polyneric materjal that .. .
[00125]e| ealewevtre thesa@ranteaaic wepeyhrt LEMpESRTre (o ogidation by the

Rassibl e 0 h X h 8RS chiboxylic acids,
FentonS RS0 5o lhGfag L IRck, ROatriel End BRSHIRES cafbory
compoGREBCRAt hice typinat ioaiiatiof produecefaturgeasmolenles risematouresist further

of the treatnent_ fluidipcrease i.t h i
e LR L RECSERER i A TGRSR Yo o
be used 83 bxifze M5 aokA80n hObné bt thiheact@aCloattherarl vt Alchidad tréhe carrier

carrier fluid. [001 12] By way of further exa .. the
fluid. Butnyifieet rartiruashy rarctiva i adlinwez alreis g e OB f b roeed, the

heat ge%é{agekl%gff%g%kis%acw&% ol Broe@bbh &I the katkier AGEREA BEBsed to melt

t
neutra al'i ne pH, and wherein the .

and hely dissolverthe pdrafificl vaxr tTherheatorfithis seastion Weyldype gxpestesse be limited by .

acid.._ugon the del a rel ease of . t ' ’
e i S B P 47 P G 0 0 LR, B e o
hydrocHof ivoRfdbdRed $RdidsblvhRGhdipdraffinelas thesoméuiof one of

the reactants into the carrier fluid. For exapple 2 with
[00126L,ch  cARsuhewErTRle R Erobll CYOBSERTITBRHAD 15 Aty £ pmmonia wi
carbon’ %{'(;gc'ic{%atté G0 rBa SHQN@Q@)N}E', NAtBiter¥Bivble FBMBoHURl miasl By many

dissolve i'n an acdetic acid solution. Oher exanples, )
organismg | indimdingnhiwesrise , to celinhipate cnigreggpreacsordfugo 1o b ollowing reaction

Accqrding to yet another enbodi nent of the invention,
(Equmyﬁ§550|id form conprises: having at |east sone of at

| east one of the first reactant and the second

reactant in a_ solid for IS J Nso le in ra
wat er ;Zhéﬂﬂ%@%éé “the Wégﬁﬁ%fﬂf(s)ﬁ ﬁ?da conpr i gé]ecg %s an
agent to increase the solubility of such reactant in
wat er. A specific exanple of such an enbodi nent is

[0012‘@6” the fidditd SRREHANLT SAARIJnSEHPL TR REFhdHIA, *ETOAIdIDRIde, urea,
phosphate 1n solid Tformthat is soluble in ter

, at
and wagryars|-owb.t at¥3d% d%8okud i3 dEnalnersRECHRHY 1 eéeffog%pgly, the
theoreh PSRy Ras QHFof Thlealtidh! (i P LSF1oBHO(D) + HOFELNC(O)NHz(S)) -

2HPA(NHa(g)) - Ho(COx(g)) = (-285.8 KJ) + (-333.0 kJ) - (- 92.2 kJ) - (- 393.5 kJ) = -133.1

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

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



wherein the agent to increase the rate of dissolution

of the magnesi um ammoni um phosphate conpri ses a
web@Basiony agent. In this enbodi ment, the chel BET/682007/003467

agent is preferably selected fromthe group consisting

of: citric acid, alkali salts of

et hyl enedi am netetraacetic acid ("EDTA"),

nitrilotriacetic acid ("NTA"), and any conbi nation

t hereof in any proportion. [001 14] It should be

under st ood, of course, th@9 the techniques of these

enbodi ments can be advant ageously and synergistica

|
variatior3f @€ tjoesibletingidh e the abed tpaehind niihsatmRAKMETS (Wi5° SLXSGH and.

. more techni ques .to achi eve ' i Xi LaCk3htdion, to
s el BT D O P AL S ncieac pin,
thereby t@ﬁzﬁalg bARHAdKiNedOR the agttadest. w20 MG nventidnsansyyasiope gmbodiments

t th t hod dj t.o the i [ ] i
it v B 2 S Sub BB, Mg

5 scope ofgtgg %wr%ltrlﬁ(#ne regdgﬁgp(jﬁﬁ}athg cREhd Apendddibidd] anthideineipliodsntsan

e further conprise the step of:
i solating 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. [001 17] The nethod accarding to
,the invention can further preferably conprising the
step of: allowing the treatnment fluid to generate heat
in the conduit. This is inportant to allow theparaffin
wax deposits tine to heat up and begin to soften or
nelt. Preferably, the carrier fluid conprises |iquid
hydr ocar bon that can dissolve the paraffin wax to help
renmove the deposits. Most preferably, of course, the
nmet hods further conprise the step of: displacing the
treatment fluid fromthe section of conduit. [00118]
In preferred enbodi nents, a non-ionic surfactant is
added to the treatnent fluid, which in addition to
provi ding a detergency effect, can also help to-
emul sify organic solvents that will aid in dissolving
the wax deposits. [001 19] The treatnment 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
surfactants. [00120] In addition to the exanple of an
exot herm c reaction between amoniumion and nitrite
ion, the Fenton's Reaction has been known since 1894
and is one of the nost powerful
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oxi di zing reactions avail able. The Fenton's Reaction
is of interest because it is highly exothermc.

w( 2®8A%6The Fenton's Reaction involves hydr ogetI/GB2007/003467

peroxi de and a ferrous iron catalyst (Equation T). The
peroxi de is broken down into a hydroxide ion and a
hydroxyl free radical. The hydroxyl free radical is
the primary oxidizing species and can be used to
oxi di ze and break apart organic nol ecules. H2ZO2 H
Fe2+ > Fe3+ + HO + HO* (Eg302) [00122] OQther simlar
exotherm c reactions wth hydrogen peroxide and net al

CLAIMSoNns are -al so contenpl ated to produce oxidi zi ng

speci es, such as the reaction of hydrogen peroxi de and
copper ions. [00123] It is well known that organic

¢ ONPON RAlSH SPHdr BRrQA&EE the tempethtualbf aQsetiqardfianduit used for the
advant age of the Fenton's Reaction i

that it d t
P o ten e o GHHKIOCGURBOINISHOF cPRBRYaRIe U Plis

such pe anAlen R tufll SHPERLEe, since there is no
carboﬁﬁin oge %erox?%e.%F0012£] I% the reaction is

carried to ¢dnpd etriierfjuid;led ultimately the organic

nol ecul es break do i.nto n whieh are the
normal end Sﬂod%g?%ﬂ%gmgx?gﬁgﬂ%P?é%@%ggg?ﬁonf Al so .
simlar to ar egzl arthe and vaitianiand @amnid oerctant granelected for being
destruction by the Fenton's Reagent ish

hl . .
exot hermi c. Unl sapable ghtsastinedpsct %%?gotiﬁeéw%/co%egncal reaction;

Reaction i's asspgi at & itk b {RGR AstaRlabe o Ras shifkiont
and thick in the'early parts of the reaction,

especial |y for tercgsrationpiodheiearigr it iogengists piheorghical heat of

carbon. [00125] However r r | foaREE FIESL: and

t hat shom1resisFﬁﬂggi{8tgé$§éﬁpgﬁ%g§o?ﬁg enton s "o

Reaction. Snal | (Hhl oitileat eeheadfloatvast ong opthedirstirerstanbanl the

short-chai n carboxylic aci.ds, conpounds that .are .

t ypi cal oxidati8%”%@6@9€W§S8Fp?5g88?&ﬁﬁwgfﬁﬁg@fn%g%ﬁ¥mnnﬂMt

to resist furt h%ad&ﬁt@@ﬂﬁ@@&dnﬁ@l DX réibR e betHe@Bactant into the carrier

Reaction. Neverthel'ess, it is expected that Fenton's

Reacti on can befluskdnd o oxi di ze hydrocarbon as one of

the reactants to generaf . gdedh debohdf ERY Fdr8h

fluid. verllntforduﬁlgg %‘hﬁaret:le ‘ngel?ll?grafdy]h@ga%t Ive vviot h par af fli ne

vax alpi@diion o tidiemizsiod of hydrocadeort r eat ed, the heat

generated by Fenton's Reaction with the hydrocarbon in

the carrier fluid can be used to nelt and help

dj sso l'f‘gf:c o dPREA o \aim 1Th@ch@athe dlid foird i sapted amhelp
e

woul d expected to be limted by .
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

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.



10

15

20

25

30

t he anmount of hydrogen peroxide and ferrous iron used
in the treatnent fluid, and an excess of hydrocarbon

wawwwBd3doe? used for dissolving the paraffin waxPCTGBR@®7/003467

condui t. [00126] Another exanple of a highly

exotherm c reaction is the reaction of anmmbnia with

carbon dioxide to formurea, H2ZNC(O NH2, a

wat er - sol ubl e conmpound nmade by many or gani sns,

i ncludi ng humans, to elimnate nitrogen, according to

the follow ng reaction (Edqdfati on 5): 2NH3(g) + CO2(g)

- > H2ZNC(O NH2(S) + H2O(1') (Eq. 3) [00127] The )
st andalicmethodadoprdisg ofClhior attiemin thetspliq forgrsubstpiplly comprises
car.bon di oxj de, .ure nd water are - 46.1, -393.5,
P%@@ﬁ@?nﬁﬁﬁ“£§%@?%@i@%ﬁgpgfm%%spectiver. Accor di ngl y,

the theoretical enthal py change for the reaction

31 NS yiiod Ssaopmplogy i (v ispG sy Tpidpmagisgss)

- - (- 393.5 kJ) = -133.1 kJ/nole (based on
%ﬁg%éﬁéﬁﬁ%&gf carbon dioxide). [00128] Another highly

exot herm c class of reactions is Gignard reactions,

7 g G P gLy s

Pang 0 about

Thectaeegoi ng descriptions of specific enbodi nents of
the present invention have been presented for purposes
of illustration and description. They are not intended

70 bergxhaushia¥r he tPClaifih L whétinithy/@tiérdtuid corhinéses water.

preci se forns disclosed, and nmany nodi fications
andvari ations are possible in light of the above
teaching. The enbodi ne Iahemditke
5 dor TR mSHEE P e RS Fiain i RS oA pERRaLeRdL
a8l kSacRhBeInhpibs applei-satiblomatdral.t her eby enabl e
others skilled in the art to best utilize the

i nvention and various enbodi nents with various

pdi f iTgatiRns Asordhg 1S MRS, aelhe particul ar use
contenplated. It is intended that the scope oé t he

i nvent@on e firstriepnsant sgmpiies: oV armo bl eAtie8Y 2Rer et o and
t heir gqui val ent s. o I ibMCr easi ng

t he téﬁ)per gl%eusr%%gngafr atsec??%}lseéfﬁ%%ﬂr}gg?t{l&%nslgg for the
production or transm ssion of hydrocarbon, the nethod

conprising the steps of. . ormng a treatment fluid
B 3o ettt accaragy 6 Kl ybgieing

and (ii) a first
react aff angh RaeLsollle ERARES adthprissh@fi@btiinm 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

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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(1) the first reactant and second reactant are
sel ected for being capable of reacting together in an

we@z@Bhaani ¢ chemcal reaction; (2) the first apdI/eBe@mmo3467

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 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 sol82l formthat is adapted to

hel p control the release of the reactant into the

CRI I Bhe inkthibd aco@m:ing ) Cliaimt t 2)celeiainy thetseeptof dallayms thef relgpgp of the
into a section ondui t u?sgfor t he production or .
eHANEHFOTRIIEGF %ﬁca BEHYBHRYSS. The met hod accor di ng

to daim1l, wherein the solid formis adapted to help
control the mxing so that: (a) Iessth?n 50% of the

6t al Themethofl agdoedipg st ionm | {.ovigasia tha Rl eHRHissHgR aoid

hour period; and (b) greater than 50% of the total

heat of the reaction is generated within a period of

ak. NDThe mettod raScoréEng T&@lmﬂhxﬂﬁﬂh@@owrlﬁl@g tth? s@patfirfopming the

wh I
g e

m xi ng between the first reactant and the second
reactant in at |east two stages. 4.

décor Thagethodacending fo (himdi Hherkia 16,59 @fpﬁ? ﬁ?mpﬂses having at
3??3 St an draH eXst%ﬁE'Ef ib%_%ﬁ‘st Q&Hahf:éﬂdQB@ sd¥BhEFadhnttaed@ddn a solid

mesh size hod according to Gaiml1,
\eri€ withtalpe Lymaaricieaterfidlui d corrprl ses a viscosifying
agent. 6. The nethod according to Caim1l1, wherein the
carrier fluid conprises a non-ionic surfactant. 7. The

net hodRGe@idd doriiMg@ iidinll, whbetretha stlieformcoierises! havihg at

conpri ses water.
lear;? some of at least one of the first reactant and the second reactant encapsulated with

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

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

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

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 introducing the treatment fluid into the

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.
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8. The nethod according to Claim1, wherein each of
the first reactant and the second reactant conprises a

wois03x6f ubl e material. 9. The nmethod accor di PQT/GB2007/003467

Claim8, wherein: (a) the first reactant conprises:
wat er - sol ubl e cations; and (b) the second reactant
conprises: water-sol uble anions. 10. The nethod
according to Caim9, wherein: (a) the water-sol uble
cations conprise: amoniumions; and (b) the

wat er - sol ubl e ani ons conpr83e: nitrite ions. 11. The
met hod according to Caim1, wherein the treatnent

pdui dAfmethérbfor umrqasmg d temperatued of gt septign ofgonsust yeed fardhe

chem cal reaction entheflr tode
S ko SRS Al yint Heod CGAGLARL i ML B2
furthey comﬁﬁrfgla’tgeatﬂa@tsmmoﬁfpnsmgl aying the rel ease

of the catalyst to help t he be ni ng of any
subst anti al ( ea%?qr’éﬁ‘fg%@ Sﬂlﬁ-’e ?tie"rg{‘g]r eact ant and

the second r(?)acéﬁfkttre]ag’tantmﬁ aRBoAAdeREaE) fnthef@n:t 0 C ai m

12, wherein the step of delaying the rel ease of the
cat al yst corrprléés @n@sq@mp@@m@nrﬁ@%%%@m?wmmsand

The method acc O{h sec%gh Qﬁaggﬁ{ W%Btrx#}lgewﬁ{u% rbfmﬁteqaﬁsal\xﬂéltem the

conprises an actd accordi ng daim

14, further confifst sdatignttané ssdoap raxttant ae mmgletdfeeactlng together
treatnment fluid with buf f help del ay the

rel ease of the HANFXOPEIIFG e"f’t’@f(ﬁﬁ % 9Bcording to daim

1, wherein the gl i dib@hMNAOERbE RActaitANE MGt Rdast saﬁment
sonme of at | east ‘one of the first reactant and.t

second react ant ceneieiertieds infhecapey piddn 850graf 3 i]i‘e%retlcal heat of
polymeric materig Fﬁcgll(z at 146 1%*18/31‘[&%@%@&&3%&9 fitdd@bmma

1, wherein the 56 or m conpri ses: having at | east
some of at | eas{3)oneatdbast send ofras icastame 0hthe fustdeactaat and the

second react ant enc uI ated wit enca t.

mat eri al capabl éeCBF’ f’tﬂP‘H@ S‘ESBGIE:%HW g“lec gis’?ﬂéﬂ%eﬂéggom} form that
the reactant. 1;8dafiee Riipeshtterelesg of theGhaitant info the carrier
wherein the encapsulating material is a material that

rel eases the endapkardted reactant at a tenperature
above (%)ZOF ét%gdgzmg the treatment fluid into a section of conduit used for the

production or transmission of hydrocarbon.

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:
(1) acarrier fluid;
(b) afirst reactant and a second reactant, wherein:
(D the first reactant and second reactant are selected 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
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19. The nmethod according to Caim 18, wherein the
encapsul ati ng material conprises polyvinyl alcohol.

wQ@e08/0sm6net hod according to Caim1, further PCT/GB2007/003467

conprising the step of: isolating the section of

condui t; and wherein the step of introducing the

treatnment fluid into the conduit further conprises:
introducing into the isolated section of conduit. 2 1.

The met hod according to Claim1, further conprising

the step of: displacing th&4treatnent fluid fromthe
section of conduit.22. A nethod for increasing the

t enper at ur e()f @catadyst fayrihofeactiondeiveen shefiniragisng and the second
production or transm ssion of h Qc - t: .
conpri si ng [REaL, FhEreyat ?e(ai\t)so?ng)r{’?hghr? gcaga Ptesgﬁﬁ’gﬁ(tﬁg%flp%dcamer
conpri si ng: fifiid)in @ s6l&d for@rthdt isdddpied mphéls corgrohéteaeleasrod the
(ii) afirst reactant and a s cogd react ant, wherein:

(1) the fi rthalb’ﬁa%tPélPﬂC%ﬁﬁ]r“i“gég a source of ammoni um

i ons Fbgd t fﬁ?roé%ﬂc EeAGTAMiui§ HIP kL s&Pon df Seidug@s&d for the

nitri i ons, erein the first reactant and second

. 1 eact prkluetion or syeadrhissiof of yduacarbgnt oget her in an

exot herm ¢ chem cal reaction; (2) the first and second
reactant are in at |east sufficient concentrations in
bhe cans iRtholilabidldihg to€nan as evlertihedieedtisemb oh@deasbéne of the
reaction of at least 1,000 kJ/liter_ of the_ t.reatnen
i repciaa By sesond BAGITIGoMEPENEAE P SETIeGUOgh o P form that
fid 4B A1 thelrBRa SR B A @A B thel carfdsipNded i n
tl%%ﬁétaeﬁ(?g‘lflﬁﬁ%i d ien aasol id feormthat is adapted to
hel p control the release of the reactant into the
rei fluid, and | At r L 1" BEMealihitiigl
to Strﬁlﬁgb#hogﬁcg?rglggg%gliatu%&ggégﬁ%g%HHISS) Broduction or
tac@RtedrioIRipdbn@bl fhy didagsddnt: 23. A method for
increasing the te

erature of a.section of conduif...
used {®r tkss B}agéa%tqf tofal g?aéﬁg eggchﬂn I§¢gericra A4 ofithin any 1
hydr oq;lgﬁlb&qiod,tgﬁ nmet hod conprising the steps of:
(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
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.

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-

ionic surfactant.
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(a) formng a treatnment fluid conprising: (i) a
carrier fluid; (b) a first reactant and a second

wOo e@8n367 wherein: (1) the first reactant andPGEGBR@7/003467

reactant are selected for being capable 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 of the treatment Bbuid; and(c) a catalyst for
the reaction between the first reactant and the second
reactant, wherein at |east sone of the catalyst is

spended i.n.the carcigr.flhuid i soli '
%aSt g’ge frgtkﬁ)éll algcocrglﬁtg 1SR ﬁfa%rﬁ 29 ,r\g]iléé‘%ggheo(foaytl eifugcg %Béﬂﬁd}'%%s Water.
into the carrier fluid; and (b) introducing the
treatnent fluid into a section of, condui.t d f th
Blodudtip siethod aceARRES Gl 241 Wherein s sy, i Congises Water and
rﬁg{ggygg&@ﬁg§§gnggdﬁjain123, wherein at |east sone of
at lTea

st one of the first reactant and the second
reactant is suspended in the carrier fluid in a solid

f.arm that i.s ad el I iceq
cher RS o B UER L ELRFR, SRRk he SRR RATRAL comprises
g balifargo tielagihaireleadd of eeridi n the solid formof a

reactant is adapted to help control the m xing so

that: (a) less than 50% of the total heat of the

rgact lgR xﬁe%hw&@&aingdo WidiRian, *Bdreih thowid pekadulateddvith an

(b) greater than 50% of the total heat of the reaction

i encaysnleriag watenpk apebleofhalniegitapfongipl the seleage Ablhe &cidog,

The met hod according to Claim 24, wherein the solid

formof the reactant conprises at |east two different

swl i d Themishabeporeihgtto Cheings 3¢ whene the brecansuldting nipsenieb trp

the first reactant and.the second reactant in b
et ieos e reRstahoa P KR AL i S FEdFO,

wherein the solid formof the catalyst

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

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
section of conduit, and wherein the step of introducing 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.
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substantially conprises particulate material having a
20-40 nmesh size. 28. The nethod according to C aim 283,

wob@sesa6t he carrier fluid conprises a viscosiPgi/Gg2007/003467

agent. 29. The nethod according to Caim 23, wherein

the carrier fluid conprises a nonionic surfactant. 30.

The nmet hod according to Caim23, wherein the carrier
fluid conprises water. 31. The nethod according to

Claim 23, wherein the carrier fluid conprises water

and the catal yst conprises3@an acid. 32. The net hod
according to Claim 31, wherein the treatnment fluid |

fiaur t Hetie mettnd acvestingtopiain2 ¥, durthep coraprging the step o0& Miwplasig the

the acid. 33. The nethod according to C aim 31,
W?é?‘é?trfij‘?%goﬁépﬁschg%ﬁgcé’ﬁglﬂfat ed with an encapsul ating
mat eri al capable of helping to control the rel ease of
the acid. 34. The nethod accordi(gg to.CIO%iim(?af the
dher ehmethed fopinsrrasing fhefgmpaipirs ofjs seetiof qhpaduitysed o5
rel Sor LER0G dibRaat ARthodcoRptiEap tedtdpk of:
B‘E’g\@%&i’fdg&’?@g&p‘%ﬁfﬁé me’t_ hod agco?df)ngﬁ?o Cam
33, wher ei n(i hex emdegbud sanprisingavees; add conpri ses

pol yvi nyl al.cohol..  36. The hag:t.0 Caim
33, wher ei nWhe? éﬁﬁﬁeﬁ%tﬁli’ta fl%gé%ggé%?%ﬁ{’g‘)gﬁ%ﬁ'ses '
hydr ogenat ed veggt atdhe fiest keactift cofipeiseset fouctead ewnufinivgn ions and

to Caim23, wherein the conduit.is a subsea .pi.pel i .
38. The method ®ee&eo8s Frycient Wﬁ?sz%s,oufci?r(‘?ﬁ%’fl% iBiS, WWhErein the

conprising the gieRaQhnt shd9dhd Rehclahiars ejabledf 0dacting together
conduit; and wherein the step of introducing the

treatment . fl ui dimanteGOﬂlhmﬁéGhﬁ@P{ﬂ Tﬁiﬁﬁf’ﬁer conpri ses:
| ntroduct ng | Nt ot Nl SR AP Sl P fea il Ale HiOR Ml suffifont
o0 clarm 23,

The nmet hod accoFdi ng urther conprising
the step of: al tewkmeatioheinttheetrreriuid icgaetats gtbaerctgadbeat of

heat in the conduit. 40, The d cardin .

d ai m 23, furt hERCRERY *?Pﬁg’qoﬂzégﬁ%ﬁ?g’r"%e %f%%ﬂt%@}dhand

the treatmeng) fl kMt icBCbRBertthe Gesd éactant #hdthe second
A nmethod for ‘increasSing the tenperature of a sect

. Lon .
of conduit weasthnf,ovherdieatdeastienmns e pattlyshi isBeadgh e cartier
hydrocarbon ’ﬂutlct' f ang%)tliﬁqgmi: RERE h@dtdh tb ti‘l@l}:}séoﬁﬁ’§l 8¢ release of the

catalyst into the carrier fluid; and

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

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.

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:
(2) mixing at least one reactant of an exothermic reaction with a polymeric
material, wherein the polymeric material is capable of being hydrated, and water,

wherein the proportion of water is insufficient to substantially hydrate the
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(i) acarrier fluid conprising water; and (ii) a first
reactant and a second reactant, wherein: (1) the first

WO 2@83a067 conpri ses a source of anmoni um i ons BCHGBRE@®7/003467

second reactant conprises a source of nitrite ions,
wherein the first reactant and second reactant are
capabl e of reacting together in an exotherm c chem ca
reaction; (2) the first and second reactant are in at
| east sufficient concentrations in the carrier fluid
to generate a theoretical Réat of reaction of at | east
1,000 kd/liter of the treatnent fluid; and (c)

cat al pelynfesic mdial beigs ufficiseittomae theeolymagic m%tae%l &Heky to help
and the cond rea rein at |east sone of the
cat al 1ﬁgﬂ?d§36ﬁ%e§n&hxt ? carrier fluid in a solid
forntqﬁﬁt ideyimgithpneidtuke® hel p control the rel ease of
the catalyst into the carrier fluid; and (b)
introducing the treatnent fluid into a section of

CENduitihe lfﬁ&ﬁ’odf&fzorﬁﬂl% 0 CRAMAU3] Rther coniRREIY (BS $t91ﬂ; (ﬁ‘f suspending
hydr ocar bon. 42 he net hod accordlng to Caim4

vhe de¢dmigture era@@aremﬁu@fandtmtr@a@tlg dheecagter il with gte dried
Lrg.ﬁ(g&ra teﬁqrrll]? ) gonsd%ﬁ S £ dir f :E;?&ftllcﬁén 18 eRfedn ¥ h %cl}scarbon

|n a so adapted to
control the rel ease of the reactant into the carrler

fluid. 43. t hod of ont n he r.e

e TanshiReniamgrto SOmAL Hhih b Sutift A3 FeRbndk e
C@&kﬁﬁﬁn%b%@ t he net hod conprlsing t he steps of (a)
m Xi ng ast one reactant of an exotherm c reaction

with a polyneric naterial, wherein the polyneric

C\%é er "ﬂ*le xh&h&c?&%gll ?1gott) CH?M‘&I BrEret @ carRBE VR cBiprises a non-

erein thé proporti-on of water is insufficient to
siohistsarfidtadt]l y hydrate thepolyneric material but is
sufficient to nake the polyneric material sticky to
heIp bind the reactant into a matri x; and (b) drying

tie M pdelh&hoddocorting: trtlbiatiq edereil the chielaidrodBrises water.
further conprising the steps of: suspendi ng

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 nitrite ions; and any combination thereof in any proportion.

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

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.
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the dried mxture in a carrier fluid; and introducing
the carrier fluid with the dried m xture therein into

w@2@8n0swst used for the production or transm SBCDGBRG07/003467

hydr ocar bon. 45. The nethod according to C ai m 44,
wherein the carrier fluid conprises a viscosifying
agent. 46. The nethod according to Caim44, wherein
the carrier fluid conprises a nonionic surfactant. 47.
The nethod according to Claim44, wherein the carrier
fluid conprises water. 48. 3fhe nethod according to

Cl aim44, wherein the carrier fluid conprjses water .

Hd t Fdemsihadascordmede (Clamed . Pheiein the b@ﬂpei)/ﬁﬂe@s agtetal jigselected
r- : = SO0 : t
A A R e
4BitosEncinrmmy howbiaetooy aidriy atyopreperition43, furt her -

conprising the step of: formng the m xture into
pel l ets. 50. The nethod according to C aim49, wherein

thie pette@icivel Madeyme nfethodacaording & Chith#dm about 1 to
about 10 mm across. 51. The nethod according to O aim

43, wherein the polynmeric material conprises: a

by, opol mgtﬁod‘%t:&ﬂi:%: to %aif'ﬁ Adefirat dohspridingd er_lcapsula(;ting the pellets

bi opol ynmeric materi The net hod ‘according t

Gidh an &tbapsniteting inrtariabedpiablp of hetping do pentesl thelrelease of the reactant.
selected fromthe group consisted of hydroxyl alkyl
cel I ul ose, xanthan, diutan, guar gum chitosan, in any

csmbi Metel thesbcbrlirgn Gliiapsy, tiherein tha.enddpeulptimgimeterial comprises
made by the nethqd according to Caim43. 54. The
ﬁ%Wﬁ%ﬁ“ﬁ@@%P@Wﬁ@n?8m§¥@{n149, further conprising:

encapsul ating the pellets with an encapsul ati ng

mat eri al capable of helping to control the rel ease of .
t¥e r chetrethod EGordittgtorfllainn8s, adieerin thegy ater-olublew e ymeric material

erein the enc dulatin ial:.c ' .
PSP T R O AT 5y ol i
a&ll&ﬂfoﬂ to\@liers] mirtialyhydvdtesedipoltvirg] wedtae,-sdywilylepyrrolidone, alkyl
polymeric material faqr_epc ul at.i IS lected fr
terdtlppes pheis 86 stter ! GV GTINARHEH MAFHIRE, AR R coliulose
al e  GoRGhY "BhRedeRBIL | alvatyr hysliBley ZslyR@Vlies,nywater soluble
acetat'e, polyvinyl pyrrqlldone, alk¥l Lo
polyacrylamides, acrylic acid/maleic anhydride copolymers, and any combination thereof

in any proportion.

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).
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,

wherein the polymeric material is capable of being hydrated, and water, wherein
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cellul oses, ethers and esters of al kyl cellul osics,
hydr oxy al kyl, carboxy nethyl cellul ose sodi um

wa@leoo8032067 mal t odextrin, water sol ubl e pol yacr yPEr/682007/003467

wat er sol ubl e pol yacryl am des, acrylic acid/ maleic
anhydri de copol yners, and any conbi nation thereof in
any proportion. 57. The nethod according to O aim55,
wherein the water-soluble polyneric material for
encapsul ating is selected to rel ease a reactant at or
above a tenperature of 1208P (49C). 58. The product
made by the nethod according to Claim55. 59. A nethod
of corharbpirtign phwateris dnsytficamt ta substanfiadlyydratgrthg polymeric
exot herm LR ] rr I ui.d :
compr o R3S bl Beblb e SRk Hhere kol Ao TEbOP bind he
exot heatalyst inacibwiy; sad h a pol yneric material, wherein
the paJyneric terial is capable of being hydrated,
and mé%gr n@?ﬁ?ﬁ%”%roportion of water is
insufficient to substantially hydrate the polyneric
material but is sufficient to nmake the pol yneri

. - - C
ik er i‘amethofl o akipeephd pratraial 9e conitolmedthe felgage of a at least one
%icccén)f for 31 e &tg;}mﬁé Yéa&gcrnt i?ﬁ) DAt Rrid, B mAmEELARS R g the steps
nmaki ng a Solid material for control I'ing the release of
aofat | east one reactant for an exotherm c reaction
into carri.er fl ui th t hod conprising the steps
of : (gf)ni%?ﬁﬂgffﬁgggfgﬁﬁamW'D%F%Fggfﬁ%inaterial; and
(b) f Qe ngonkig Hexhisfuee infd gellesl | ets. 61. The met hod
according to claim®60, wherein the carrier fluid
conpri ses water and wherein the reactant is selected
fgom thg lﬂétﬁ&@?c%gﬁaﬁig% I 80 wMBLiR et R AEOTRRH U water and
ions, water-soluble™nitrite ions, and any conbi nation
t Wibereinfthd wacant ipsebaotedtficonthe@RoupTeasistighadow aletentahlp gmmenium

ot et aotthRaTill b o4 A} RN B el B P EPRRER

conprising the step of: coating the

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

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.

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

coating the pellets comprises: a 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.
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pellets wth an encapsul ating material. 64. The net hod
according to Caim63, wherein the encapsul ati ng

woreos/szb7 f or coating the pellets conprises: aPCT/GB2007/003467

resin-based material. 65. The method according to

G aim 63, wherein the encapsul ating material for

coating the pellets conprises: a material that nelts

or dissolves at or about 120F (49C). 66. The nethod

according to Caim&60, wherein the binding material is

a polyneric material that 4§ capable of being

hydrat ed. 67. The nethod according to C ai m 66, wherejn .

te pdibgmsthed agaerding e Clasm 66i Whete thepolmats watsria rﬁ@dlng 1s
f [

PR, Btbeidd kP Rl o ol L2 S RRTRS b e ikl

|wisamélﬁ it mmpormm sl tran msafﬂcscnhgoc‘snhstmtlaﬂﬁ hp)dl‘aVrtbfr p@ymeric

ufficient .to make t
Rt B ool R Do R PP TRl fod th restan
Maford MatB®. The nmet hod according to Caim 60, further
conprising the steps of: suspending the pellets in a
carrier fluid; and introducing the carrier fluid with

t(ﬂ&e peﬂﬂe%éh&d%%@ﬂd& DRk GORGLE cHhB angQBe §t9§s of: suspending

production or transm ssion of hydrocarbon. .
rtb¢ hdlbtsoh arvakcien @ual | muomthapamgtrﬂlu@ mmhdhcr PqilgtStth@fem into

rel egs ast a cata thermc
rae%(’&a lgﬂsedf tﬁ?apEo cuoélror ansr%1¥s1§% r%l?c% og%gonpr i si ng
the steps of: (a) mxing a catalyst vvlthablndlng
material; and (b). form.ng the Xt ur

69. A method of gnalung a solid %atenal P] or contro hng Le rﬁease o} aatleasta
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.



