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1 A METHOD OF CLEANING HEAT EXCHANGE SURFACES OF
FURNACES IN OPERATION The invention relates to a method of
cleaning surfaces of furnaces in operation, in particular metal 5
heat-exchange surfaces on the flue-gas kide of industrial furnaces, such
as petrochemical and oil refinery stills, and industrial boilers. Such
furnaces often burn heavg fuel oil for economic reasons. However, since

tHhe USTHBARIAT o RERY TG SIFAB iEHCOMiESHBEAS R oRR JAHRNACES
hest-erarrigedUrfaces. These deposits are constituted in particular by

heavy fragionsQfddrecarbans,slica; Beavmmetdls, aadsialle i ng
com gnents th%;%etaln a solid state inside , the furnace, even a gllgh
FRare. Simi i

t&H HIa6RR s TS CRT AR08 6beshvBa With Biher gl 21
ohgasecushrngeT ravefdessite rediie Adater@hangd detwenimdustrial

cembustien gaganH the flgiskteembeated 10 aneorsiderableiexent, stills,
th%{gbx I%ﬁgsin 0.3 chss olf f%rsnace efficiency. 20 Various techniques are
already known that enable the heat-exchange surfaces of a furnace to be

cleanedSitflte REEPRRLHIEHRIE TN BP PR IfBEticOht, EPA-§23pomic
8o akisnteses prriosming theifobewirigestepsibgenearating & jakahgasfthal oil

is; direcied foyyards 2% e surfacesJopClsaning. infegrating spligistate
particles in the fluid jet, and projecting the particles at a speed such that
T pAACRS disitlegr e BPESHING iﬁf&%o%‘?&&%ﬁ?"s%i% JOHARBE O PRI AT

clanedasyd fractions of hydrocarbons, silica, heavy metals,
and stable components that retain a solid state inside

the furnace, even at high temperature. Similar problems
can also be observed with other liquid or gaseous fuels.

These deposits reduce heat exchange between the .
combustion gas and the fluid to be heated to a
considerable extent, thereby leading to a loss of furnace
efficiency.

Various techniques are already known that enable the
heat-exchange surfaces of a furnace to be cleaned, while
keeping the furnace in operation. In particular,

EP-A-0 410 867 discloses performing the following steps:

generating a jet of gas that is directed towards
the surfaces for cleaning;

integrating solid-state particles in the fluid
jet, and projecting the particles at a speed such that
the particles disintegrate on coming into contact with
said surfaces to be cleaned; and

moving the jet of fluid and particles along the
surfaces to be cleaned.

The particles eliminate the deposit by an oxidizing
chemical effect and by a mechanical effect due to the
speed of the particles which sublime only after coming
into contact with the surfaces to be cleaned.

However, that method raises severe safety problems

in supplying the oxidizing agent insofar as the most
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30 moving the jet of fluid and particles along the surfaces to be cleaned.

The particles eliminate the deposit by an oxidizing chemical effect and by

a mechanical effect due to the speed of the particles which sublime only

after coming 35 into contact with the surfaces to be cleaned. However, .
that method raises severe safety problems in supplying the oxidizing

agent insofar as the most 2 satisfactory agent js_constituted by ammonium

nitate, SHARHIR %s886 Rfon fith FFérdubSthdey GIFtUHsHte L rate.

pewedhl expleshan Cartsequently; the hventienlsetkstepropage@oBstitute
S@UB%M@Q|V§§§EQ§%‘_W@D|GmS while being inexpensive and while

accordarice with the 1 vghtict):n, par iCles are use as\/irtfgoaE?(])fronﬁjlﬂgt?ona

tha@is1t0 eondthatedJed thesmbsiqsat proleleas 50% by esighy by
caheRriiee,Garbammde (Heakistaeqiansive bt eliawedi wihadls in

mg'ior'ng.iffig I%in the form of QLI' beads. In addition, although carbamide
is ot ahnox#(ﬁzgr, l|—'1'[?F1as 1 k()g(%enpfound to be more effective in eliminating

depositsTthahthE RiiBstahe § GSEH RIS Fand P e TEER1 poMiting
omﬁ.il_a'ihaﬂy,m_pm@ch@{rma@a@idemu_ freecihayortihgredient of the
formylatiop, pakesdt possiblenigebiging meling temperablye fathee s ght )
formulation that 20 is high enough to ensure that the particles do not

stBlinTE hEAPE E6ming into contact with the surfaces for
Carbamide (urea) is inexpensive and is obtained

. retalnlngg%ood effectiv?ness il'rlleelim@atigg the de%]gsit. To do this, in

without major difficulty in the form of solid beads. 1In
addition, although carbamide is not an oxidiiér, it has
been found to be more effective in eliminating deposits
than the substances used in the past, and to be less
polluting overall. Finally, the presence of carbamide as
the major ingredient of the formulation makes it possible
to obtain a melting temperature for the formulation that
is high enough to ensure that the particles do not
sublime before coming into contact with the surfaces for
cleaning, while also being low enough to neutralize the
acidic components of the deposit, to weaken the physical
structure of the deposit by chemical action, and then to
sublime or vaporize completely under the heat of the
combustion gas.

Given the advantages obtained by using carbamide in
accordance with the invention, at least 95% (by weight)
of carbamide is introduced in the formulation of the
particles.

Only a few additives are added in small quantities
for targeted actions.

In particular, in accordance with the invention, a
magnesium salt is added to the formulation of the
particles, advantageously magnesium carbonate or

magnesium silicate.
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cleaning, while also being low enough to neutralize the acidic
components of the deposit, to weaken the physical structure of the _
deposit by chemical action, and then to 25 sublime or vaporize completely
under the heat of the combustion gas. Given the advantages obtained by
using carbamide in accordance with the invention, at least 95% (by
weight) of carbamide is introduced in the formulation of the 30 particles.

Only a et BAGitiGe< BrddGed f SMINgBEARISS GMargaedattions. $71t
partigelar, it aposrslahte with thednesrttan, mo irgmesivamdalbiscddied to

the fermuatian of the-35 PaHices, &Q&I@B@&&%yﬁ@ reagneRiNm carkonate
or magnesium s&cate. 3 S,lnce carbamgﬁ IS ggrosc%glc, the magnesium

s PTAR S 5SEhIE TS sefliestef hAstire AhY avbid® pRReS tum
agygiomerstigranhdoggingithe devicefthan deresses thegabfetdeposit
adgiionHae Magnesius Seapiuessnagiun thatds oden presan iiythe 1n
deposit, and that leads to_heat-exchange surfaces corroding. In dition,

it %g%ag J|Ltor§1d55|1b e rpgﬁr{zflé?e %I%e %%ﬁ%lgg%mségraltﬁ rleggf t%lg%arptlec?egslg 8

litFEMRBE At RfprbmgRRE elfetivefessidrithe clddmity. ferther
Adveprtagaaitsiy, 5% 0<% DF enmgre sifimSad ie laddertig the weight of

the partigle farmulation, s This quiangity. makes itpassifle to oftain.y ¢ ;¢

satisfactory effectiveness while generating onl)&a minimum amount of
sdiddedig gsg&%ow&ﬁﬂaghgf the particdle formulation.

This quantity makes it possible to obtain
satisfactory effectiveness while generating only a
minimum amount of solid residues. A portion'bf the
magnesium salt is not vaporized and it drops onto the
hearth of the furnace together with a portion of the
deposit detached from the cleaned surfaces.

According to another advantageous characteristic of
the invention, in order to obtain good effectiveness for
the formulation, the furnace is adjusted so that the
temperature of said surfaces for cleaning is higher than
250°C.

Thus, the formulation, and in particular the
carbamide, changes state on coming into contact with the
surfaces to be cleaned, thus obtaining much higher
performance in terms of reacting with the components of
the deposit.

In addition, the particles are advantageously
projected into contact with the surfaces for cleaning at
a speed of at least 50 meters per second (m.s™1).

This achieves satisfactory disintegration of the
solid particles of the formulation, thereby further
improving its effectiveness and ensuring even better
chemical and mechanical effect cleaning of said surfaces.

The accompanying figure is a diagram showing a
method of cleaning tubes 2 of a cylinder furnace 1 of an

0il refinery unit.
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15 magnesium salt is not vaporized and it drops onto the hearth of the
furnace together with a portion of the deposit detached from the cleaned
surfaces. According to another advantageous characteristic of the
invention, in order to obtain good effectieness for 20 the formulation, the

furnace is adjusted so that the temperature of said surfaces for cleaning is

higher than 250C. Thus, the formulation, and in particular the carbamide
changes St5te 3T BaRfhglints’ c6REL With TRE %&L?r?ace%%rb% dQEstsef by

thustobtaiaing (math siyher perfoffhanteiretermsatreadingwitldehet he
C%PQB?@S@tmééi@pQﬁﬁﬁlﬁs&.d%m,%Be ?aaicée%ar@omyaé&age%ysly
projected into contact with the surfaces fqr cleaning at. 30 a spe t

Ie%)éfic 50 (r:nae%%npsefgsie%%a%m@').%é g% (ilje?/sesgsa%]sf a((:]Foerf/1 e%d Bé% ween
dismi€gratien erte Ryli¢pahrisiomhbasimiltaibn HtherciymbHesion gas.
improvingtits efiestivanessodnd edeying evembetier chemickdandf the
mechauica! effeg) cleaning af said surfages. @35, The AGeompanYing figyie ¢hig
is a diagram showing a” method of cleaning tubes 2 of a cylinder furnace 1

ofFAF DIFRAinEYANFE AR RN AROT i REp CRUPEP LT L3R hdEF
by esrbdmengnetrshomen eBlse tubesth exteriddnside the sfuarhceybetlieen

afjiatend 2a.and-gsecepd gadrdhs i Hydiacaghons flawiag in saiddukes 2
are h%at%d between 5 said two ends by exchanging heat with the

cOMbUS |0|q*1egas. The presence of a deposit on the outsides of the
In order to detach the deposit, an injector nozzle 4

is passed through an opening 8 formed in the wall 10 of
the furnace. This nozzle projects solid parﬁicles 6
against one of the tubes. The nozzle 4 is fed with
compressed air at a pressure of about 5 bars to 10 bars
and with solid particles 6 by a device provided for this
purpose.

The particles 6 are substantially spherical and of
size lying in the range 1 millimeter (mm) to 5 mm, and
advantageously in the range 2 mm to 4 mm. They reach the
tube 2 at a speed of at least 50 m.s"!, and advantageously
lying in the range 100 m.s! to 200 m.s!. The formulation
of the particles preferably contains about 98% carbamide
- (NH,),CO - and about 2% magnesium carbonate, by weight.
On coming into contact with the tube 2, which is at a
temperature of at least 250°C, the particles 6 detach a
fraction of the deposit, all of the carbamide contained
in the particles vaporizes, and only a very small
quantity of solid residues drops onto the hearth of the
furnace.

Acidic derivatives of the deposit are neutralized by
the gas obtained by the formulation decomposing, which
advantageously gives off sulfur oxide, nitrogen, and
water vapor. The user then moves the injection nozzle,
as represented by arrow 12, between the first and second

ends 2a and 2b of the tube 2 in order to remove the



tubes 2 thermally isolates the fluid for heating (in this case the
hydrocarbons) from the combustion gas, thus requiring an increase in the
power delivered by the 10 burner in order to maintain the same level of
heat exchange. In order to detach the deposit, an injector nozzle 4 is
passed through an opening 8 formed in the wall 10 of the furnace. This
nozzle projects solid particles 6 15 against gne of the tubes. The nozzle 4
SRRATRE COFFEreSbEd SF o Seprbbife ofaBoREE TRFERY 10 baFs WAtF
\itesaliel rdrticles 5aea thvice Providbe forethiss plrgh sep Fhapmsticlas
&ﬁﬁ@%@ﬁ@ﬂxﬁg@emgng;&éc&%@ l¥iRgduihe mngevhmilimsterche
(rpuﬁ){lto >,mm, and_advantagegusly Ir theO@Qge 2 mmto4mm, rhey .
réac S wibe 22t S speea ot at feast 5 advan%ageously
iHg RF the-range 100 m.s-1 to 200 m.s-1. The formulatlon of the particles
preferably contains about 98% carbamide 25 - (NH2)2CO - and about 2%
magnesium carbonate, by weight. On coming into contact with the tube 2,
which is at a temperature of at least 250C, the particles 6 detach a
fraction of the deposit, all of the carbamide contained in the particles
vaporizes, and only a very small 30 quantity of solid residues drops onto
the hearth of the furnace. Acidic derivatives of the deposit are neutralized
by the gas obtained by the formulation decomposing, which
advantageously gives off sulfur oxide, nitrogen, and 35 water vapor. The
user then moves the injection nozzle, as represented by arrow 12,
between the first and second
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ends 2a and 2b of the tube 2 in order to remove the 5 deposit over the
entire tube. As necessary, the user passes the nozzle through other
existing openings or through openings made specially through the walls

. of the furnace and proceeds in analogo®is manner with the other 5 tubes

2.6 CLAIMS 1. A method of cleaning surfaces (2) of furnaces (1) in
operation, in particular the flue gas side of metal heat- exchange surfaces

in %Hélt?ial furnaces, and also in 5 industrial boilers, which method

comphisas thofblloWirgl stepsiagenarafnga jéof gis thariwdifsttdd) in
topardst hensuriaees 4@ bedilaaned: hintegrating Rarticlers(&) fn tha-saliheat -

state Iil%nléetr:jgd%tfgc%ass and Rioieting. the %Q?!S%é‘é? S&’Sidai‘é‘:h that
the particies disintegrate on coming into contact wit said surfaces for

cleRfi: B mbARY e jet BRYAE dRARRfces s Re Shffadsd fmd ng
cleamed;: 15 said method being characterized in that the, particles used

have a forulation thatds gonglituted by, & maigrity of garthamids. 2 fyards

method according to claim 1; characterized in that 20 at least 9596 of

chffanfiE e rtddhte® hiG YrERSiHulation of the particles. 3. A method
according tordleiar & ot oinipez; t chdmstetizedin thdtca Aaghdsisihatalt is

agﬁédj%g“bf gas and projecting the particles at a speed
such that the particles disintegrate on coming into
contact with said surfaces for cleaning; and
moving the jet of gas and particles along the
surfaces to be cleaned; h
said method being charac¢terized in that the
particles used have a formulation that is constituted by

a majority of carbamide.

2. A method according to claim 1, characterized in that
at least 95% of carbamide is introduced into the

formulation of the particles.

3. A method according to claim 1 or claim 2,
characterized in that a magnesium salt is added to the

formulation of the particles.

4. A method according to claim 3, characterized in that
0.5% to 5% of magnesium salt is added to the formulation

of the particles.

5. A method according to claim 3 or claim 4,
characterized in that magnesium carbonate is added to the

formulation of the particles.

6. A method according to claim 3 or claim 4,
characterized in that magnesium silicate is added to the

formulation of the particles.
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characterized in that 0.596 to 5% of magnesium salt is added to the

formulation of the particles. 30 5. A method according to claim 3 or claim

4, characterized in that magnesium carbonate is added to the formulation

of the particles. 35 6. A method according to claim 3 or claim 4,

characterized in that magnesium silicate is added to the formulation of the

particles. 7 7. A method according to any preceding claim, characterized

iff thdt the tlpdceiradjdéted dothanthed kafipeaidtgredfaR& surfaces for

%eﬁrﬂa@ifseliﬁgaéﬁthﬁﬁ 5 BRAC the Mathed aceeydingjtlosaryipresedingt the
8 ri tha les are ed.nto, ¢ it

the s g%ags %)% cle eanll:rr%lg at%b lfg%eé %f gﬁo%%lsgtﬁéog st?L 1. gqﬁ%gt[hgc}il an

a%'éBrd?ng to any preceding claim, characterized in that for a duct

containing a fluid to be heated and extending inside the furnace between

afishlnenrddaland asergnd snd77 Bl ok ddiddetiamayed from the

first end to the second end
characterized in that the particles are projected into

contact with the surfaces for cleaning at a speed of at

least 50 m.s-1.

9. A method according to any preceding claim,
characterized in that for a duct containing a fluid to be
heated and extending inside the furnace betwéén a first
end (2a) and a second end (2b), the fluid jet is moved

from the first end to the second end.



