P1994 PCT 8 Septenber 2005 METHOD AND DEVI CE' FOR CLEANI NG COVBUSTI ON

I NSTALLATI ONS & nvention relates to a nethod and to a device for

cl eaning vessels contaminated with dirt, resp. wth sl agSeptembpez005 n
particular it is related to a method and_ to a de- vice for the so-called
.on-line blast cleaning of conmbustion i nstal l ations in accordance with the
preanbl e of the independent clainms. 5 Heating surfaces, e.g. of waste
incineration plants or of coal fired boilers in general are subject to a
strong contamnation with dirt. These types of dirt normally have
inorgani c conpositions and are typically produced by deposits of ash
particles on the walls. Areas in the zone of high flue gas tenperatures
are in nost instances very hard, because they remain stuck to the walls
either in nolten formor nelted on form 10 or el se are stuck together on
the wal |l by substances nmelting or condensing at |ower tenperatures, when
these solidify on the colder boiler wall. Coatings of this kind can only
“be renoved with difficulty and unsatisfactorily by known cl eani ng net hods.
This |l eads to the consequence, that the boiler has to be switched off

periodically, ﬁ&@hﬁg %1 and cl eaned either manual ly or by neans of
sand- bl asti ng. &) PEVIGE FAR GLEANING §OMBUSTEOMave very
| ar ge di nmensi ons, is frequent install a scaffolding in

- the furnace for thls pur pose. hﬁﬁgﬁgiﬁhgﬁﬁ%) necessitates an

interruption- of the operation Iastlng sever al days or weeks and apart

fromthis, because of the substantial dust - and dirt emssions it is

exceedlngly un- pleasant. and unhealthy for the cleaning personnel. A
usual | y unavoi dabl e acconpa P1994 PCT 2

The invention relates to a method and to a device for cleaning vessels contaminated
with dirt, resp. with slag or ashes. In particular it is related to a method and to a de-
vice for the so-called on-line blast cleaning of combustion installations in accordance

with the preamble of the independent claims.

5  Heating surfaces, e.g. of waste incineration plants or of coal fix;ed boilers in general
are subject to a strong contamination with dirt. These types of dirt normally have
inorganic compositions and are typically produced by deposits of ash particles on the
walls. Areas in the zone of high flue gas temperatures are in most instances very
hard, because they remain stuck to the walls either in molten form or melted on form -

10 or else are stuck together on the wall by substances melting or condensing at lower
temperatures, when these solidify on the colder boiler wall. Coatings of this kind can
only‘be removed with difficulty and unsatisfactorily by known cleaning methods.
This leads to the consequence, that the boiler has to be switched off periodically,
cooled down and cleaned either rhanually or by means of sand-blasting. Because

15  boilers of this kind in most instances have very large dimensions, it is frequently
r;ecessaxy to install a scaffolding in the furnace for this purpose. This édditionally
necessitates an interruption-of the operation lasting several days or weeks and apart
from this, because of the substantial dust — and dirt emissions it is exceedingly un-

pleasant and unhealthy for the cleaning: personnel. A usually unavoidable accompa-




8 Septenber 2005 nying phenonenon of the interrupted operation of an .

i nstal |l ati onP&9%P@hmages to the vessel nmaterials thenselves as a
consequence of the great tenperature changes. Apart frowbeplembeedfiing -
and repair costs, the stand-still costs of the installation due to the
production - resp. inconme |osses represeﬁt an inportant overall cost
factor. 5 Conventional cleaning nethods, for exanple, are boiler beating
and the utilisation of steamjet cleaners, water jet blowers | soot

bl owers and shot peening. Known is a cleaning nethod, in the case of which
the cool ed down - and also the hot boiler still in operation i s cleaned by
means of the introduction and jgniting of explo- sive devices. In the case
of the met hoHYlﬁéé’g?‘?%%‘??OPﬁ’ t‘h?em%ﬁé‘BWérﬁ’Pe‘EPO‘lof)@T ingipdfation a9 demegesdodhepl osi ve
device by ne o] C EQ]@%'% y t he
heat i ng surfg%gelc%ﬁ%ggn@g%tg@dél% ﬁs gl rtg er ebiltqhHé éxp %s%rl%)\%%évﬁh%égl S then
ig- nited. TApar filoimihs clmnmge dmdaépangcoswr thacandaritt cbitast ke irgtdilabyn i@y ce of
t he detonation vi brations of the wall produced by the
shock waves. Of¢ Hm?iﬁ?%on ‘rFEiH’nH%/F"mF E5SE REBIFSTIY 20 iRBOT ARt eYRTphFIstBAStaki th t he
conventional cleaning nethods is 15 able to be reduced significantly. Wth
~the necessary safety precautions, the cleaning can take place on-Iline,
i.e., during the operation of the combustion furnace, resp. while the
vessel i $ stCbhhventioral blREnia Rekitlidde¥or ¥dnipls, Hirs boiRir Ib@ﬁhngl dnd zhéum%ﬁblbbte to
clean a. boiler within hours, while with a conventional cleaning nethod
days woul d b¥eamiet glganesy W%‘Prjﬁmlgwe@dm(mbi@mfaﬁlﬂfh@‘@@ﬂ@nmg the case of the
nmet hod described in EP 1067 349 is the necessity of explosives. Apart from
the high costs of the explosive material, in order to avoid accidents, for
exanpl e, during the storage of the explosive material, elaborate secu- rity

precauti ons gy &G T D erial
into a hot vessel |(%&a§%qﬂ§%ﬁg’§gt?e &g bﬁgﬁﬁg‘gl‘fé ut ea(ljyov?fe(l %ngsﬁ‘ll%ethggg
ef ficient cdwilengilbipsiperation iis cleaned by means of the introduction and igniting of explo-

sive devices. In the case of the method described in the document EP 1 067 349, a
10 cooled explosive device by means of a cooled lance is brought into the proximity of
-the heating surface contaminated with dirt, where the explosive device is then ig-

nited. The cakings on the heating surfaces are blasted off by force of the detonation,

as well as by the vibrations of the wall produced by the shock waves. With this
method, the cleaning time in comparison with the conventional cleaning methods is
15  able to be reduced significantly. With the necessary safety precautions, the cleaning

can take place on-line, i.e., during the operation of the combustion furnace, resp.

Sarat

Vw‘hile the vessel is still in a hot condition. With this method, it is possible to clean a
boiler within hours, while with a conventional cleaning method days would be re-

~ quired for this.

20. | Disadvantageous- in the case of the method described in EP 1 067 349 is the necessity
of ‘explosivés. Apart from the high costs of the explosive material, in order to avoid
ac_cidents, for example, during the storage of the explosive material, elaborate secu-
rity precautions have to be undertaken. The introduction of explosive material into a
hot vessel in addition calls for an absolutely reliable and efficient cooling system, in

25 order to prevent a premature detonation of the explosive material.



.25. order to prevent a premature detonation of the explosive material. 8
Sept enber 2005 -3 Enbodi nents of the invention seek to create a nethod and
a device for the cleaning of conbustion installations &rSemerskes2005
contamnated with dirt, resp. with slag, with which the installation does
.not have to be shut-down during the cleaning operation, with which the
installation is in a clean condition again in a short tinme and especially
wi th which any endangeri ng of personnegd-and of installation conponents
during the cleaning process is mnimsed. According to a first aspect of
the invention, there is provided nethod for the cleaning of contam nation
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pi pe- I|ke i.C res ce.is. brought intg the vessel |nstallation in
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conponﬁﬁ!aélmpmmomgtthe cl\ammngmoxe&& is fopmimised. expl osi ve mi xture, are

gui ded through the pipe-like device, resp. lance, thereby getting into the
proximty of the contam nation with dirt, resp. caking or slag deposits,

and tAwbrdifetotxsOsipd@ of kivabdion] t&%ﬂéﬁ@prdﬂ%’iﬂeﬁhnétﬁod fobeR cRRFLEBE I at e,
produced by m xing of the f1 owabl e conponents, is nmade to détonate.
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“pipe-like device, resp. lance, thereby getting into the proximity of the contamination with dirt, resp.
caking or slag deposits, and that the explosive flowable mixture, which is, when appropriate, produced

by mixing of the flowable components, is made to detonate.

- According to a second aspect of the invention, there is provided device for the cleaning of
contamination with dirt, resp. caking or slag deposits in vessels and installations, characterised in that it
comprises a lance designed in the manner of a pipe and comprises means of supply on one end of the -
lance, wherein the means of supply are designed in a manner in order to conduct into the lance either in
one conduit or separately, a flowable explosive mixture or flowable components, which components,
when mixed, fofm an explosive mixture, and that the lance on its other end, which end is to be

miroduced into the vessel, comprises an expandable thin-walled container.

Embodiments of the cleaning method disclosed here is based on bringing gaseous, liquid and/or
- powdery materials resp. components, which are either individually explosive or in preference only
explosive as a mixture, into the proximity of an object to be cleaned, in order to subsequently get

the at least partially gaseous explosive mixture to detonate.




Enbodi nents of the cleaning nethod disclosed here is based on bringing
gaseous, liquid and/or powdery materials resp. conponents, which are

ei ther individually explosive or in preference only ex;ﬂ%ﬂjﬁ%b%{szoﬂ5

m xture, into the proximty of an object to be cleaned, in order to
.Subsequently get the at |east partrépry gaseous explosive m xture to
detonate. 8 Septenber 2005 -3a For the protection of people, the materials
shoul d be able to be stored and handl ed separately, in order to if at al
pOSSIb|e be able to exclude the hazard of a premature explosion. This is

possi Hrehe piatertioneoidicpria the meajerils ﬁh@lfébeahlierfg beetoredl apd handled senseaely inh

the i r

capablaop e AP BERHALSeS Mie 6 ERIBI, HR MHBLAIdE, pidinal P8 oBHBUSE 14 I ACSHER of

a vessih thé¢ mmboidinienis of shet oleblﬁngtmémsédn atbordareehaith gie tlhﬁanslaﬁ Ebacaligy the
persons, and obj.ects the cl eaning Vi according tg enbodi nents of
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~al so not exposed to the prevailing heat. e cleaning process Cor dance
wi t h aadbolgeete nWsthofhet deanlmg/dnvmoracmdmgrm)l embmhiny:nis wit thiel imvémiion, cdoribgishi on

i nstal | ati with sticky, fl tende t . _which |
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in particular in the field of steam generators of conbustion
installations. The cleanlng process, however, may al so be applied for the
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during the agperation of a plant e., on-line or with
especially by the combustion of coal, refuse sewage sludge or hazardous




the vessels still hot and exceedingly purposefully and preci sely dosed. As
a result, thB9EM down-tine costs are reduced and no conponents of the
instal lation or sec- tions of the vessel are unnecessarid $eRiampeciO98 to any
| oad. The hazards for the per- sonnel of the plant are also mnimsed. This
in particular as a result of the exceed Iﬁ'ingly short dwell tinme of the at
[east partially gaseous expl osive conponents or of the mxture in the hot
anbient. In a preferred enbodi nent of the cleaning nethod according to the

invention, a fuel, in liquid or gaseous form e.g. acetyl ene, ethylene,
~ nmet hane, ethane, propane, petrol (gasoline) oil, etc. and an oxidising.
agent, e.g. rou othe prOX|m15 ity of a surface to be
- cl eaned. Ther“éa‘%(% E%ﬁ{foﬂg BPAigrarnia, the figl %%%téamcﬂ?éﬁﬁoys of

ignited. The dopithBtis mkﬁﬂali’cﬁfsoﬂﬁetdl%u?}ﬂ %é&? }ﬁ)Wefv@lCﬁa %t e%péhpd ﬁc;[ ?lbby the

shock waves, e.g. a wal a vessel a pipe, rea of f
of the caki nggmosml af it vim pther installafians with hardhbpoﬁuea]ﬁldmg m&hhﬁ]&agum‘ﬂ@ee The

conponent s ca 0. d together.in the device accordin
‘i nvention. m% r%l?(a%[oﬂ‘% pg?'ffl ﬁll(??e&‘bg@awepbfnd&‘f;t@arﬁ gTB‘Plélaﬁﬁ th
this the auaraeahmgws abla@o bmﬂaﬂ@hm&ﬁ@%e %p@lﬁﬂaﬂgﬁ@ 1a901teh‘3n ﬁfﬁ%rg% B g

contamnation with dirt and on the sizé of the dirty vessel
and the forcdh®vessele SER&%@P@)WW@H@M I@JfPQﬁeBélym preisely elosmt &k 2 resuBuch a

manner, that L,nst n occurs exa the m xed
gas quant | tyﬂﬂfpaceﬁ i é%@‘eé% 3@ %WWB?““E\HE @[#E’chféﬁ?n ng -
“l'ies 25 betweiens bf a:ed/eaéu htetmaace@aarmﬁsxm 88D ankBa@PIHMITAS b e r{%}' o of
the gases can be calculated fromthe stoichiometry of the gases a in the

case of acet §PRIfkOhHY RIAR!-argalso inpiniamigerh (This | m llareculm“naSt heesulhof tef exaeed-
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mixture in the hot ambient. :

In a preferred embodiment of the cleaning method acéoi‘ding to the invention, a fuel,
in liquid or gaseous form, e.g. acetylene, ethylene, methane, ethane, propane, petrol
(gasoline), oil, etc. and an oxidising agent, e.g., oxygen, are brought into the proxim-
15 ity of a surface to be cleaned. There the components are mixed together and subse-
quently ignited. The force of the detonation and the surface made to vibrate by the
shock waves, e.g. a wall of a vessel or of a pipe, cause the bfeaking off of the cakings
on the walls and with this the cléaning of the surface. The components can also be

mixed together in the device according to the invention.

 20 The force of the explosio_n necessary for cleaning and with this the quantity of the
materials used is dependent on the type of contamination with dirt and on the size of

the dirty vessel. The dosing and the force of the explosion are able to be and are
selected in such a manner, that no damage to the install_ation occurs. For example, the

- mixed gas quantity of acetylene and oxygen necessary for an effective cleaning lies

25  between 5 and 30 litres per explosxon The optimum mixing ratlo of the gases can be
calcuiated from the st01ch10met1y of the gases and in the case of acetyiene and oxy-

gen it amouats to 1:3. In the case of an explosive gas mixtiure of oxygen and acety-




|l ene, the ratiois at 3.5:1 with a total gas volune of , for exanple,

~.approx. 100 lfibgseer The possibility of the optinum dosing of the :
conponents utilised on the one hand reduces the cleani SgaptankerglSon t he
ot her hand al so reduces the hazard - and dam age risk for the installation
.and for human beings. 5 An in preference5pi pe-like device, e.g. a lance, is
introduced into an installation resp. into a vessel and brought into the
proximty of the place to be cleaned. By neans of this device, after the
positioning of the device the conponent or the conponents are able to be

I ntroduced into the installation resp. into the vessel. In the case of an
on- line cleaning operation, the vessel to be cleaned and, e.g. the flue

gas may be upereothe@atidBRE3!5ck with i totat ganidliras of | forlexdraple! 4prdx QU@ MEHN of a
e.g. gases and

premat ure ex osion%ihgﬁ te- .riala’ uti I'?@d for cleani.ng,

fuel's, shoul d"6&B Pt 9 Pfiavigs ?sr‘%lot) COMROFERS uiHsed| 9n theonethead ar e
“capabl e of b@édh@eshﬁé‘bﬁgnﬂp cBits afd 8n tHeCGher'] ﬂi@fsh%ﬂuc@ﬁ heZd} .—'aﬁdgﬁgn-
preference thermally insulated and/or cooled. This can Be achi eve y a
pi pe- made ouegdrisk foe thednstglistion ahd focrhymmatbeinigal s resp. by a cooling system
attached to 15 the pipe or conducted through the pipe. The cooling for a
pi pe and/or for the materi- als utilised for the cleaning is preferably
designed in such a manner, that it is capable of functioning wthout a

conti nuo S -anis 0 | | e cl.eani n vice or to
t he conpﬁen%@%)sm?%mﬁ%gh@g%é%&ee’ Fgﬁtgilflgar%gé’g% i)"gu];ac’}sgil ,uce?ie[gg’e ‘ﬁ?f@ﬂ{i‘.o“ﬂe%’r pe or
- a lance. ther ito@n eesseldd lroight v ehd prokimityeofihpphite b bl clehfod. BYIAGES bPNS f or
“the, for 20 %aﬁli%).e, @qas ous .conponents, and correspondi ngly coul d be
designed to B 1% @ frfE‘F gosioning: ghthg gleyiss theecaponpntcortthe gompongnisare ot
dependent onghi€ idibe HittoRficcAARB G ifshtifiod Fesh M e IvakdeY. Riind B OPLEGH. L0 be
cleaned. If for the cooling a coolant, such as, for éexanpl €, Vaf P s

utilised as limscdeainmoparatios; itel vesei t¢ he cleamaicand, bgniteolue fissmBube upase
Any hoses required could, if

connectigns” gt o .attached to the | ance. ]
so 25 desir eﬂ‘?)\bb%thf"éﬁﬁ{feség ‘T’So&'af g’rtﬂFFeprﬁYﬁ"lﬁ'ﬁP of 2 iPrematye siplgsion e matace f or
t he cl eani NGriAPBiildsed for cleaning, e.g. gases and fuels, should be brought to the desired place

" more rapidly than they are capable of being heated up by, e.g. heat radiation. The
pipe is in preference thermalljr insulated and/or cooled. This can be achieved by a
pipe made out of thermally insulating materials resp. by a cooling system attached to

15 'the.pipe, or conducted through the pipe. The cooling for a pipe and/or for the materi-

| als utilised for the cleaning is preferably designed in such a manner, that it is capable

of functioning without a continuous supply of coolént from outside into the cleaning
dgvice or to the components or to the explosive mixture of gas, respectively. A pipe

or a lance therefore would only have to be-equipped with the.connections for the, for

| 20 ‘example, gaseous components and correspondingly could be designed to be more

simple. A cleaning device of this type is also not dependent on, ¢.g. water connec-

tions in the vicinity of the object to be cleaned. If for the cooling a coolant, such as,

for example, water is utilised as insulation material for the lance, then for this pur-

po‘se connections have to be attached to the lance. Any hoses required could, if so

25  desired, be removed prior to the actual utilisation of the lance for the clee;m_ing opera-

tion. If a éooling of the lance in a positioned condition by means of a flow of coolant

is necessary, then this in preference is effected by conducting a coolant through the

lance, so that it flows directly into the hot vessel. A cleaning device, however, may'

also be designed in such a manner, that a coolant flows back again inside the device.



tion. If a cooling of the lance in a positioned condition by neans of a

fl ow of cool d#94PCE necessary, then this in preference is effected by ,
- conducting a coolant through the Ilance, so that it flowsSdptembet3005nto the
hot vessel. A cleaning device, however, nmay also be designed in such a
manner, that a cool ant fl ows back again'ﬁﬁside t he device. P1994 PCT -6 8
Sept enber 2005 In order to conpletely preclude the possibility of a

premat ure expl osion, the explo- sive, at least partially gaseous mxture is
preferably only produced at the point, where the explosion is to take

pl ace. This is inplenented, for exanple, by mxing a com bustible gas and
an oxi di sing essel itself, which is to be cleaned. It is, 5

agent in the
however, al sé“%&gg'g fhranpigte PrEslyge H}ei RAgSiPUGE ph Prampdute peplpsignathesmlsonent s
in apart Okiva, &l partidlSastn mixtoftSis BFerbibly| AN foakadc ey Qe M S
n ready started s

t he thorough m xi ng of individual conponents’is y ortly
bef ore the plzcexplewidpds ¢4 eknadaceVThis is irplemeted Jar yxangiigthy mbaaputcbmns, it
is al so possihle,to directl|y.i.ntroduce an explosive. gas or gas mxture
nto an | nst BHCRIS B 4d OHditine 2208 41E verrel g, Whigh e deaenneriol 10
variant, 3 henbweakhisf pasiBleobBldhd Bt Rzbas AL iRk iYE Bﬁé[g£ P paf!
mxtures is mninmal, because the’introduction of a devi ce and a possi bl y
requi red posPf 2oHPRIE 188, e.B+ insideathiedancs. Be aceesuli ofi iy tthe dfavougiamilking of

t herefore coppl W t. the presence of any explosiye materials. |f
i nst ead of gg@é‘géj@h ﬁ%@%@q@ﬁﬁsm é‘ﬁ%adg PE’H‘SB éﬁ‘?‘fﬁf &P&’é‘%’g‘ei ceyip Eicggﬂ?d- 6@ er
form e.g. felngcesddrg safbiyl pré@altiodd)@rts hiRE pBssHIL RIS iRFbduPe 5&%}(@5&9@ to 15
be cleaned through e.g. the pipe-like device by neanS of a suitable punping
devi ce, whef2 Qs FpiKaNs ito gn instaldationl resy. rintoj ayuésdeloAlgvoindée dase of itis r esp.’
are, in qyef ShH | onm sed. This . can be inplenented, .for
exanpl e,ﬂa{)y ‘g&%ﬁ‘g?éeu?e - bﬁ?dpdgréatﬁé o <At 8&?"9(493@‘.’8 BYLR@IS g MEgHES 3t i | j sed
in the cl ea@h@na]pbéc&hime introduction of a device and a possibly required positioning of

it is able to be carried out beforehand and therefore completely without the presence

of any explosive materials. If instead of gaseous materials one or more materials in

liquid or powder form, e.g. fuels, are utilised, then these are conducted to the place to

15 be cleaned through e.g. the pipe-like device by means of a suitable pumping device,
where the material or materials in liquid or powder form is, resp. are, in preference
nebulised or atomised. This can be implemented, for example, by a pressure — or gas

atomisation, e.g. by using a gas utilised in the cleaning operation.

The dosing of gases, resp. of gas mixtures, possibly also of liquid materials, takes

20 place preferably by means of pressure vessels. Beforehand, precisely dosed quanti- .
ties of gas resp. liquid can be intrqduced into these pressuré vesseis, €.g. by means of
controlled filling from commercially available gas cylinders. The utilisation of sepa-
rate pressure vessels provides the benefit, that the quantities and with this the fill
. pressures in these vessels are capable of being adapted to the desired force 6f the
25  explosion in a very simple manner. In addition, by the introduction of the gases or
liquids under pressure, the dwell time of the components in the hot ambient is able to

be kept exceedingly short.




- The dosing of gases, resp. of gas m xtures, possibly also of liquid

-materials, tak®spPCRPO place preferably by neans of pressure vessels.

. Bef orehand, precisely dosed quanti ties of gas resp. |i qubeptemhez005
i ntroduced into these pressure vessels, e.g. by nmeans of controlled
filling fromcomercially available gas-éylinders. The utilisation of sepa-
rate pressure vessels provides the benefit, that the quantities and with
this the fill pressures in these vessels are capable of being adapted to
the desired force of the 25 explosion in a very sinple manner. In addition,
by the introduction of the gases or |iquids under pressure, the dwell tine
of the conponents in the hot anbient is able to be kept ‘exceedingly short.
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| . a., servesby esefjarae emiduntingofindiidiahgasbs bihiregds @ pipd-likepddviceldr@Uhride, pri or
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~envelopes or sacks. A thin-walled container is preferably attached to one end of a
pipe, e.g., at the front end of the lance and is inflated by the gases themselves. In

order to prevent a premature explosion of the thin-walled container, it should be
inflated more rapidly than it heats up as a result of convection or radiation and/or it

15  should be cooled. In preference, the thin-walled containers have a greater volume
than the total volume of the components introduced into them. On the one hand, this
'prevents a premature; destruction of the thin-walled container by bursting, e.g. of
elastic, balloon-like container. On the other hand, for example, in the case of con-'
tainers made out of non-expanding materials, such as, for example, sack-like plastic

20 or paper envelopes, there is no overpressure in the container relative to the ambient. -
This prevents or minimises any outflow of gas in the case of permeable lﬁaterials or

in the case of a possible perforation of the thin-walled container, which could be

caused, for example, by sparks dl‘_ by sharp objects.

A frpnt end cooling of the lance resp. the cooling of a thin-walled container is im-
25  plemented in preference by means of passive cooling methods. In the case of a pas-
sive cooling of an explosive gas mixture, in the introduced condition of the cleaning
device no additional cooling means are brought in from the outside to or into the
explosive mixture. Apart from general constructional simplifications of the cleaning

device this also has the advantage that supply lines for the materials required for the




“inflated nore rapidly than it heats up as a result of convection or

radi ati on ane®iserct 15 shoul d be cooled. In preference, the thin-walled
contai ners have a greater volume than the total vol unme 8$edtérabar@®dbnent s

i ntroduced into them On the one hand, this prevents a prenmature :
~destruction of the thin-walled container8by bursting, e.g. of elastic,

bal 'oon-1i ke container. On the other hand, for exanple, in the case of con-
tainers nade out of non-expanding materials, such as, for exanple, sacklike
plastic 20 or paper envel opes, there is no overpressure in the container
relative to the anbient. This prevents or mnimses any outflow of gas in
the case of perneable materials or in the case of a possible perforation
of the thin-weplosidn eunrelatively easthyi kerkepbseparabrciroman prssiblefluce eseling wysteny
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expl osi ve m xture. Apart from general constructional sinplifications of the
cleaning device this also has the advantage that supply lines for the
materials required for the P1994 PCT -8 8 Septenber 2005 expl osi on can
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simple manner and, for example, would comprise a material as absorbent as possible,

10  e.g. crepe or a sponge-like material, which prior to being introduced into the hot
installation is soaked with coolant, in preference water. It is, however, also possible
to manufacture the thin-walled container itself out of a material, which absorbs or

stores coolant,

It goes without saying, that it is also possible to cool the thin-walled container by
15 means of a suitable coolant, e.g. by spraying water, air or a mixture of both media
onto the thin-walled container. Also possible is the injection of water droplets or of a
'diff_erent coolant into the thin-walled container during its inflation, so that its surface
is cooled from the inside. This, for example, can be combined with the introduction

ofa liquid or gaseous component utilised for the cleaning operation.

20 A further preferred possibility of protecting the thin-walled container consists of
introducing the thin-walled container into the vessel to be cleaned inside a suitable
protecti\;e device. This is implemented, for example, by means of a protective device
attached to the cleaning device, e.g. a protective bell or funnel attached to and around
the lance. The thin-wailed contaiper can be stored in the pr'otécﬁv‘e device in unin-

25  flated condition. The protective device is designed in such a manner, that it provides




protective envel ope or by nmeans of a protective envel ope al ready contai ni ng
a cool - ant. AweRahpl e for the latter kind of protective envel ope can be
designed in a very sinple manner and, for exanple, wouBdaptamar2e0a

mat eri al as absorbent as possible, 10 e.g. crepe or a sponge-like material,
.which prior to being introduced into the-thot installation is soaked with
coolant, .in preference water. It is, however, also possible to manufacture
the thin-walled container itself out of a material, which absorbs or

stores coolant. It goes without saying, that it is also possible to cool
the thin-walled container by 15 neans of a suitable coolant, e.g. by
spraying water, air a mxture of both nedia onto the thin-walled
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real i sed,hy an_opegned protect.ive device or by one which_ opens by a force
or by pr éQs u?l?f’ Jrjglélb'fw.aﬂ%ﬁc Frity ‘H?ﬁ fhé %P@gté‘@t qeyicefag siraultaneously pro-

tected, e.g., cooled.

In a preferred embodiment, an indirect, passive cooling system is utilised both for the
thin-walled container as well as for the lance, this for the reasons already mentioned
above. A passive cooling for an explosive mixture and a lance is independent of

_ 15 coolants actively brought in from the outside during the cleaning process itself, i.e.,
with the lance in the introduced condition. A passive lance cooling in preference

takes place by the application of suitable materials around the pipe conducting gas
and/or liquid, by manufacturing the pipe or the supply lines out of suitable materials.

- These, for example, are insulating, substantially heat-resistant materials or material

20 arrangements and/or materials capable of absorbing coolants. Examples for the latter
kind are absorbent materials, such as paper, cotton-wool or fabrics, which prior to

be_ing used are soaked in water or another coolant. For the protection against damage

to a cooling layer, external prdtectivé layers may be affixed. In the case of absorbent
paper, this could be a simple bandaging with fabric. It is, however, also possible to

25  apply a more permanent pfotective layer made out of, for example, a métal screen or
~.webbing or a second metal pipe. Materials absorbing co_blants are capable of re-
lleasing them again when required and as a result of the evaporation cooling produced

- are capable of cooling the pipe or the thin-walled container. Passive cooling systems

may also be, for example, dense metal webs or ceramics, which are capable of ab-




-.arranged on the container side, i.e. the front end of the |ance, may be
equi pped w t heigodparover. A cover of this kind in preference is thin-walled,
easy to open, resp., tore- lease, so that it can be sefapeRteBPe288Pt he :
- protective device by an expanding thin- walled container. A cover is
.preferably nade out of materials, which-d4fe capable of being soaked with
cool ant, such as, e.g., a piece of paper, jute, etc.. Depending on the
construction of a cover, the conplete protective device can be encl osed by
it. Wth 10 this, a thin-walled container as well as a protective device
~are sinmultaneously pro- tected, e.g., cooled. In a preferred enbodi nent, an
indirect, passive cooling systemis utilised both for the thin-walled
cont ai ner as speling eepldntrin ihBow apawes ot posfbis dlbe cormaivable talcoaady: Apasi oned
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cott on- wool B?ﬂila%mtégf}suwﬁnoemqﬁ:mr to being used are soaked in water or
~anot her coolant. For the protection against damage to a cooling |ayer,
external protective |layers may be affixed. In the case of absorbent paper,
this could be a sinple bandaging With fabric. It is, however, also possibl €
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cool ant s ar ecwalpiagd, smade dp evithoste cogppildaentedyai n when required and as a
result of .the evaporation cooling produced are capable of cooling the pipe
or the thin-walled container. Passive cooling systens

10 The ignition of the explosive gas mixture, resp., liquid - /gas mixture, with or without
thin-walled container or protective envelope, resp takes place with meari.é known
from prior art. In preference this is implemented by means of an electrically triggered
spark ignition, by auxiliary flames or by a pyrotechnic ignition with the help of' cor-
respondingly attached ignition means and ignition devices. The means of ignition are

15 preferably attached in the region of one of the ends of the lance, to a pipe itself or to

_ the thin*wal_led container. The actuation of the ignition de\-rice as weil as the se-
qxience of an inflow of the gas and/or the introduction of liquid components in pref—

.erericé takes place by means of a control system.

The sequence of a blasting operation in a hot vessel in a preferred embodiment takes

20 plﬁc.e as follows:

' - Gas-pressure vessels by means of the actuation of corresponding valves are filled
- with the corresponding gases, e.g. acetylene or ethane and oxygen and the re-

quired gas quantities and — pressures out of pressure gas cylinders.




~may al so be, for exanple, dense netal webs or ceramics, which are capable
of ‘ab P1994 PEW4HEF 8 Sept enmber 2005 sorbing coolant in hollow spaces or
pores. It is also conceivable to construct a pas-. sived Sepkirher 2005t em out
of heat absorbing materials. Materials of this kind are in a position to
absorb heat and to store it instead of c¢dhducting it onwards. Exanples for
this are materials, which within a suitably chosen tenperature range are
subject to a 5 phase change, typically solid to liquid (so-called phase
change materials (PCM). A further exanple for an insulating |ance
cooling system are double pipes, which may be filled with insulation

material. |If so requi r(gd the npst diverse cooling nmethods and protective
devi ces may al sé98¢ RGAhLT RPA 2 thingwallsd capiainst{fop pxameplp) madmefaplasticonarte
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pl ace wi th meanckmipadwn orfgluerh qur wish adirdsive ltapepnad/er swed tifitke potdetid gerent ed
by neans of an electrically. triggered spark ignition, by auxiliary fl anes
“or by a pyrotec%ﬁ?glﬁﬁﬁngéﬂﬁﬁﬂth the help of cor- respondingly attached
ignition nmeans and ignition devices. The neans of ignition are 15
preferably attached in the region of one of the ends of the lance, to a.
pi-pe itself or to the thin-walled container. The actuation of the ignition
“devi ce as5weld Hsotrbguired; a hemnweliag isbtivatbd, g 0f pi&n&tﬁe%naél%égngdmin
~introduction of |jquid._ c ggg?ents In pref- erence takes place by neaﬁs of a
control system ¢ hefl. gsmh spaked it pealantapd/or thexcasting sagséto-i n a
preferred enbodi gty ifnakesas 20 Pl ace as follows: Gas-pressure vessels by
means of the actuation of “corresponding valves are filled

- The lance is introduced into the vessel to.be cleaned from the outside, e.g.
through an access opening, so that the end of the pipe including the thin-walled

10 container is placed in front of the surface to be cleaned.

- The opening of the valves of the gas pressure vessels starts the filling of the thin-

walled container with the gas mixture.
- The ignition device is actuated and an explosion triggered.

Individual steps of the sequence mentioned above of a blast cleaning process in ac-

15  cordance with the invention may also be supplemented and/Or_automated with inter-
mediate steps. For example, the triggering of an explosion process may be connected

with safety mechanisms. These in preference start the gas supply from the pressure

- vessels to the thin-walled contziners, or in general into the vessel to be cleaned and
interrupt this connection before the actual explosion takes place, e.g., by means of an

B 20  activation of the means of ignition. This prevents, for example, blowbacks into the
supply lines and uncontrolled detonations. In addition, the cleaning process may also

include a device cleaning step. This is implemented, for example, by means of a




wi th the correspondi ng gases, e.g. acetylene or ethane and oxygen and .t he
re- quired gawmosquentities and - pressures out of pressure gas cylinders.
P1994 PCT -11 8 Septenber 2005 At one end of a pipe a tH Beptamnbert2®dnt ai ner
(for exanple, made of plastic mate- rial, a balloon- or sack-like envel ope
or a bag/sack) is attached, e.g. plugged2on, clanped on or glued on with
adhesi ve tape, and/or stowed in the protective de- vice in folded
condition. If so required, a head cooling is activated, e.g., a protective
envel ope (insulating and/or cooling) attached, resp., soaked wi th cool ant
and/or the cooling started to- gether with the gas. - The lance is

i ntroduced into the vessel to be cleaned fromthe outside, e.g. through an
access openi hipwisgpthrivegh vitke cempressd ahveof ghplanigy gbspdiafgndihidualipipesallbwd 10
~cont ai ner isFPuﬁcgd i& front of the surface to be cleaned. The openi ng of
the val ves of?&'fle ﬂ%g %}essure vessels starts the filling of the thin-
wal | ed container wwth the gas mxture. - The ignition device is actuated
and an explosion triggered. I|ndividual steps of the sequence nentioned
above of a blast cleaning process in ac- 15 cordance with the invention may
al so be supplredrerfolewingdémbodimbmsraf de devide fontiercieanilicahethed énscakbdand
exanpl e, the triggering _of ap explosion process may he connected wth

saf ety mechatlis AT “ieFFeEraé?%fﬁ’é‘Hé% thg igventioncare gxplainerhinmpregiptaien

pressure g Vegsehss BPe;EePrE»l%r?iaﬂd MEﬂnﬁﬂcaﬁ?r&Mﬁg&e&m in general into the
g

vessel to be cleaned an nterrupt this connéction before the actual
expl osi on takes pl ace, e. by neans of an 20 activation of the neans of
ignition. This prevents, for exanple, blowbacks into the

These illustrate:

Figure 1 a simplified depiction of an embodiment of the device in accordance with

the invention,
Figure 2 a further embodiment of the device according to the invention,
10  Figure 3 a third embodiment of the device in accordance with the invention.

In Figure 1, a device 10 for carrying-out the cleaning process according to the in-
vention is illustrated. The device 10 inbludes pipe-like supply lines 1, 2 through
which, in preference after their positioning, different gases, e.g., oxygen 3 and ethane
4, but also liquid fuels or oxidising agents are conducted to the proximity of the W&H
15 5 to be cleaned. The gases 3, 4 and/or liquids in the zone of the wall contamination
with dirt 6 form an explosive mixture 7. By means of an ignition device 8, which is
capable of being controlled and actuated from outside the vessel or installation to be
cleaned, the explosive mixture 7, for example, by the generation of an ignition spark
g is ignited. The explosion may also be triggered by an ignition device located in the
20  zone of the gas mixture 7, e.g., on the supply lines 1, 2. The supply lines 1, 2 and the




supply lines and uncontrolled detonations. In addition, the cleaning
.process may ahiseypgrncl ude a device cleaning step. This is inplenented, for
- exanple, by means of a P1994 PCT -12 8 Septenber 2005 bléovénigmbenZ®Ggh with
conpressed air of the |lance, resp., of individual pipes follow ing the
_explosion. In the follow ng, enbodi nentsi®df the device for the cleaning
met hod for caked and slag contam nated vessels according to the invention
are explained in nore detail on the basis of exenplary and schematically
drawn figures. These illustrate: Figure 1 a sinplified depiction of an
“enbodi ment of the device in accordance with the invention, Figure 2 a
further enbodi nent of the device according to the invention, 10 Figure 3 a
t hird enbodi rigmitionfletibe8devé are desigaalior dahaanatneh) thidd ¢he igiieiohispirk 9 doeki gur e

1, a device 10 for carrying-out the cleanjng process according to the in-
vention is ilqoﬁg?q‘ﬁf%b‘?¥*ﬁ‘f?g‘5ddg(ﬁ° &1 Of“n‘&‘JI ‘E}gégdﬁfﬁéuﬂ’ﬂllk@“%ﬂupﬁyllyqfﬁifﬁ'ég 1, 2
through  Whrghnt & BldwWpREIEbEME/IADINE del 8110, RRS! b b indd idses,

e.g., oxyge\rllwyi?r» and ethane 4, but a sg [T qui %gébel s or bnfcgﬁesgﬁgg’llgg%nts
~are conduct ed.4 dhisheanhedriplementedf int that thaignitidn $patked bemesl te baatuatddén thases 3,
4 and/or Liquids,in the zone of th l, gopt.am nation wth.dirt 6 forman
~ expl osi ve mff)ﬁ?%e“y??ntgﬁe a‘?‘f§u@?{ygﬂé’,\“@g%&i erH'@UF%hSB, which is capable
of being controlled and actuated from outside the vessel or installation to
be cleaned, the explosive mxture 7, for exanple, by the generation of an
ignition spark 9 is ignited. The expl osion may al so be triggered by an

i gni tion deviThe shmdptiaes 1,r2 arkthaGgrinne defics Bor pass o i inal &lsh, bejothly R0 t he

supply lines 1, 2. The suppl Lyk lines 1, 2 and_the
commodated in a pipe-like envelope, e.g., in a pipe. The device 10 is preferably also

equipped with a cooling system. The cooling in preference takes place by means of
evaporation of the coolant, which cools the supply lines 1, 2 or the possibly present
10 common envelope. An active cooling takes place, for example, by means of an air —

and or water supply from outside in - and/or through the supply lines 1,2.

In case of a thin-walled container possibly present on the device 10 for the protection

of the gases against dilution, a head cooling system for the lance is in preference
constructed as a protective envelope soaked with coolant. The head cooling system

15  may also be designed as a coolant supply conducted right into the container. In this
| manner, the thin-walled container, resp., the gas — or gas/liquid mixture contained in
the containér is cooled. The materials utilised for the supply lines 1, 2 and/or for a
common pipe in addition preferably possess thermal insulation characteristics, in

order to protect the gas 3, 4 or the liquid contained in it agaihst exicmalithennal

20 influences by, e.g., flue gas.

In Figure 2 a further exemplary device for the implementation of ther cleaﬁing proc-
ess in accordance with the inveﬁtion is illustrated. A coolable, resp., insulated lance
-2@, comprising an envelope 21 and an inner pipe 22, at one of its ends comprises
‘connections 23 for the gas supply. Also situated in the zone 'of this end of the lance

25 20 is a suitable means of ignition, e.g., a spark plug 19, with which an explosive gas



P1994 PCT -13 8 Septenber 2005 ignition device 8, here are designed in.such
a manner, thapisbdhecyd gnition spark 9 does not cone to bée situated directly
infront of the end of a supply line 1, 2, in order to Sbentemberzddbowback -

of the cleaning device 10, resp., a backfire into the supply lines 1,2.
.Thi.is can be inplenented, in that the ignil#ton spark 9 cones to be situated
in the zone between the ends of supply lines 1, 2 of differing |engths.
The supply lines 1, 2 and the ignition device 8 or parts of it nay al so be
jointly ac- commdated in a pipe-like envelope, e.g., in a pipe. The device
10 is preferably also equipped with a cooling system The cooling in
preference takes place by neans of evaporation of the cool ant, which cools
the supply | imegure is eapable ol beingSgnibidy irpprefeemice tRcicivathp iTienareklpe 214m0-act i ve

cool i ng takes, pl ac f e | e, by neans of an ajr. - and or water suppl
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of the gases against dilution, a head cooling systemfor the lance’is in
preference cestinPed #ith@ pagtegtiyer loyercuirgending the absorberd adevilt iz enlabsurb- The
-head cool izng s em . | so be, desi gned as a .cool ant .suppl y. conduct ed
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cooled. The materials utilised for the supply lines 1, 2 and/or for a
conmon pi pe iSAIVAYEN BV BY K eAues ie peelingseff. trhwr. amaginguofahe omterial of the
characteri sti ' 0, I . 4 .0r.,the |iquid contained
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ess in accordance wiith the invention is-illustrated. A cool able, resp.,
i nsul at ed0| g8e@ent or insulating characteristics.

Attached to the other end of the lance 20 there is a thin-walled container 25, here
already inflated, and a protective bell 27. The thin-walled container 25 is attached to
the inner pipe 22 in such a manner, that it is inflated by the gas or gas mixture flow-
ing through the inner pipe. The thin-walled container comprises a substantially gas-
15 - tight plastic envelope 25a, e.g., a plastic sack made out of polyethylene and a protec-
tive envelope 25b surrounding the plastic envelope 25a. The protective envelope 25b
in preference is an envelope made out of absorbeﬁt papef, which is connected with
the plastic envelope 25a, in preference glued to it. Prior to the utilisation of the lllance

- 20, i.e. prior to the infroduction of the lance 20 into an installation to be cleaned, the -
20 paper envelope and the sheathing 21 of the lance 20 are covered with coolant, e.g.
| soaked with water. The thin-walled container 25 is stowed in the protective bell 27 in
folded condition. On top of the protective bell preferably there is an additional cover
soaked with coolant (not illustrated in detail), in order to additionally cool the thin-
walled container inside and if necessary to protect it from mechanical influences.
25  Following the introduction and positioning of the lance into resp. in the vessel fo be
" cleaned, the thin-walled container 25 upon inflation leaves the protéc_tive bel 27. In
.doing so, it is protected from the heat of the flue gases by the water-soaked paper
envelope and the inner pipe 22 by the sheathing 21. The protective bell 27 has a

slightly conical shépe opening outwards like a beaker, in order to give the inflated




20, conprising an envel ope 21 and an inner pipe 22, at one of its ends
.conprises . conpegidrons 23 for the gas supply. Also situated in the zone of
this end of the lance 25 20 is a suitable neans of i gnit§9¢ptedber 200 spark
plug 19, with which an expl osive gas P1994 PCT -14 8 Septenber 2005 m xture
" is capable of being ignited, in preferente electrically. The envel ope 21
pro- tects the lance 20 and the gas or gas m xture present inside it

‘agai nst being heated up. |In preference it conprises absorbent material,

"~ e.g. paper, and in addition it my be equipped with a protective |ayer
surroundi ng the absorbent material, e.g., an absorb 5 ent fabric or a
heat-reflecting foil-like envel ope in preference equi pped with open- ings.
A possi bl e preovelopé vethiedpBoon-likd cortdine tsuffictaht spacBDArortid dRkeefor ex-
substantially uce the peeling-off, resp.,

erves t revent or to re -
damagi ng of @ﬁg’?ﬁﬁlﬁ%ﬁ}egﬁa&ﬁ@ﬁ@hogﬁg@ %rﬂ@%?!’ ylipder g else Ogﬁ bawk & pefer- or
storage devi GRed ®rohbBses QR ; - ; N i .
protective |ayer n%yplzsl o) g@%ﬁ%@%%ﬂﬁs%%ﬁ%ﬁ ggg?mft)éﬁ@@?%g%@ or
“insul ating chaenanden g aber shie aicopeaingdotr hdhiotwrdied endtadfer.t A @rdtentive d20 t her e

Is a thinzwalled container 25  here . alrea inflated, and a protective _

 bel o7 he IR RLARS bR Shubire arif astbl Gk, b b cposs e Inmal Spcee 5 i n
- such a mannefilled tadp. istabldto B fIRUSAHDMsII IR B38oIThTHE BrotdAYE bdiNd

t hrough the inner he thin-walled container conprises a substantially

ipe. T .
gas 15 tight 2§l &@tﬁ%@atb‘ﬁgeﬂloplemm@r peotgctivelegicasaré pesnaientipdtadhed tofthe
pol yet hyl ene rotec-_tive,envel ope b surrounding the plastic
envel ope 253 I%éﬁ1 5 B}Oa&t]??%eé’eéﬁ{fg{%Sﬁgn%B%g?rhs L@f%?‘g’ﬁﬁghaftg‘eé{ﬁ“fe%%%pe
made. out of BoHsKd bestthe apee or Mid Ghoubs icAINSRitRHeiA Riffd&fR WiyasThis ieqvel ope
25a, in g(;efere_nce glued to it. Prior to the utilisation of "the lance 20,
i.e. prith tedied mpkep@assihle inovasy Heplpcemeat 20 aj protective idesicalfpliowiog & o be
el eaned,_ t hecleaning process. For technical and economical considerations, however, for protec-

tive devices if at all possible heat-resistant materials are utilised.

The connection for the gas supply 23 is affixed to the inner pipe 22 and connects two

gas supply lines 29, 30 with the lance 20. One of the gas supply lines 30 is connecied

15  with a first pressure vessel 34 through a solenoid valvé 32, wherein this vessel itself
is connected with a commercially available first gas cylinder 36 through a fourth

valve 38, e.g., an oxygen cylinder. The second gas .supply.line 29 in essence is con-
structed in the same manner, i.e. it is connected with a second pressure vessel 33
through a second solenoid valve 33, This vessel in turn is connected with a second

720 commercially available gas cylinder 35 through a third valve 37. The secénd gas
-cylinder 35 correspondingly contains a combustible gas, such as, for e‘-xamplel,

acetylene, ethylene or ethane.

- After opening the third and fourth valves 37, 38, the pressure vessels 33, 34 are filled
with the corresponding gases. A fill pressure already proved by trials lies at max. 15

25  bar, wherein the pressure vessel volumes, for example, have values of 1.5 | for eth-
ane and 5 [ for oxygen and typically an overall gas volume of 100.1 - 200 | is utilised

for the cleaning of customary vessels. The ratio of the volumes of both the pressure




20 paper envel ope and the sheathing 21 of the |ance 20 are covered with
‘cool ant, e.gpioogeaked with water. The thin-walled container 25 is stowed in
the protective bell 27 in folded condition. On top of theeRRBIEALTe bel |
. preferably there is an additional cover soaked with cool ant (not
dllustrated in.detail), in order to addi¥i-onally cool the thin walled
container inside and if necessary to protect it from nechanical influences.
25 Fol l owi ng the introduction and positioning of the lance into resp. in
the vessel to be cleaned, the thin-walled container 25 upon inflation

| eaves the protective bell 27. In doing. so, it is protected fromthe heat
of the flue gases by the water-soaked paper envelope and the inner pipe 22
by t he sheat Wessgls 24 préférendger aireespande th did st@ichibmstrs ragibioglibd ywa gases dor shape
openi ng out war ds e .a I n ord r,to ve the inflate P1994 PCT
-15 8 Sept enfi&FP 'f%of@"&w@%ﬁ@ecﬂfeﬂsw i} ﬂreo%%gﬁ Fk@e%ﬁisaﬁen‘gﬁseg%f‘?‘?@?‘&%t
space. A proiRGIowWeR oY ie&SlosibR inPire aamzb 8¢ adjasted RROWINAREuRhg PallQldnAUe CONe

or hollow cylinder or _else of a bow. In prefer- ence it conprises an

openi ng | ocagwydmd@ﬁéSsiﬁdé“h@sgmrqsn@e@awaej@rablw threargauppl y line or |ines
and on the other side an opening for a thin-walled container. A protective
de 5 vice nmay al so be constructed with double walls, so that a possible
internal space is filled,. resp. is able to be filled with insulating

material or g%é%ﬂé of HGxBiS eﬁgi{sh%eswtl&:hl dp%ﬁne&%ﬁwﬁﬁanc%aﬂ%iﬁ% IQ%n%Hé)t her

protective device are pernan y attached to t
“however, al shnbe2dhstetondien process shstartean The sequieha int preferemce 1sad:1:lrﬁoﬂed be

slid over the |ance or laid around it and positigned in differen
This if so mltLéchP‘F%‘cFYﬁ‘&We‘éﬁ ﬁcgsg.fﬂ%cw%aw%ﬁrea%hw@% igiedt | ve

devi ce 1ol O i Fizuré b AiNBY LIRS GAtiFein HRY sify B BileGitln RIALERON %%lows

consi-derati ons, ver, for protec- tive devices If at all possible
heat - r esi st aEn'strmﬁaMheeﬂobenardevalNdslateslmrihﬂy opened, e.g. for a few seconds. During this

10  time period the gas content of the pressure vessels 33, 34 flows into the lance 20
through sep;arate gas supply lines 29, 30. There the components are mixed and con-
ducted into the thin-walled container 25 through the inner pipe 22, wherein they
inflate it. In a preferred embodiment of the cleaning device, the gas supply lines 29;
30 are maintained separate in the inner pipe 22 of the lance, so that the gases are only

15 mixed inside.the thin-walled container 25 and there form an explosive gas mixture.

3 After the closing of the solenoid valves 31, 32, in preference after a selected time sy
-delay of, e.g. 0.5 sec, the ignition device is actuated and the explosion is triggered.
Dependmg on the selected construction of the gas supply, the spark plug 19 or the
1gmt1cm device is correspondingly positioned on the fance. The inflation process of
. 20  the thin-walled container 25 amounts to a few seconds, typically 1 — 3 sec, e.g,

2 sec.

Following the ignition of the gas mixture, the inner pipe is preferably cleaned of the
residues of the explosion, e.g. slag. This takes place, for example, by means of com-
ppressed air, which is sent through the inner pipe 22. For this purpose, one of the gas

25  supply lines 30 is equipped with an additional valve 41, which is connected with a




The connection for the gas supply 23 is affixed.to the inner pipe 22 and
.connects two piga®csupply lines 29, 30 with the | ance 20. One of. the gas
supply lines 30 is connected 15 with a first pressure vésaeterser0dugh a
sol enoi d valve 32, wherein this vessel itself is connected with a
.commercially available first gas cylinde¥?-36 through a fourth valve 38,
e.g., an oxygen cylinder. The second gas supply line 29 in essence is con-
‘structed in the sane manner, i.e. it is connected with a second pressure
vessel 33 through a second sol enoid valve 33. This vessel in turnis
connected with a second 20 commercially avail able gas cylinder 35 through a
third valve 37. The second gas cylinder 35 correspondingly contains a
combust i bl e §ampresiedipimeesevoir 4x emph epmpressedydiecempredshy be aeomprestddaaie .

After opening_t thl. d fourth valves 37, 38, the.pressure_vessels 33,
34 are fill egy lt"v%f’hﬂ‘%%d%g??aésvﬁ Yt e’&aiegbczédAasf? Splengi §’§E’Fep@f‘?"§iﬂf proved
by trials |ieBo&kpatkcf bkingZhiveatnd ¥14&i MutdrhfidAngssure vessel vol umes, for
exanpl e, have values of 1.5 1 for eth- ane and 5 1 for oxygen and typically

~an overall gas volume of 100 1 - 200 1 is utilised for the cleaning of
customary vessels. The ratio of the volunmes of both the pressure P1994 PCT
16 8 Septenb(let{ 2005 vessels in preference corresponds to the stoichionetric
ratio of the ﬁ%%&a‘él%ag‘-‘%{wta‘m% &MSPEL Qut st usin sxclustkaly pigeikmpiesalsrarg he
gases in 4 he S ] 1 I and are
able to bse agﬂ.ﬁ%tabgl@tﬁﬁrr{%ﬁglﬁh?eddﬁ%ﬁ%ﬂlva 1\%?&%&%@%5 Qrfgl;a sltbgl;?ﬁgli%lggr?ésp%gg: 36.
These pressuingly small.gt éf enbmadetdue of anerreSpoRdingbandtable matesixl ergnabit pf essur e

. switch 39 connected. with, t. ark plug 19 on the lance 20, the detonation
process is s?“z?fs%ﬁiﬂl F%“%@E@éﬁ%&%ﬂ"%? erence is controlled with a
- control system40, e.g. a relay control system The control paths are

i ndi cat ed

Figure 3 illustrates a third embodiment of the device in accordance with the inven-
tion. It comprises an exemplary construction of a coolable lance 50. A majority of .
10 the reference marks are the same as in Figure 2. These correspondingly refer to the
same exemplafy characteristics and elements and not all of them are mentioned any-
more at this point. The coolable lance 50 comprising an outer pipe 51 and an inner
- pipe 52, at its end is equipped with connections 23, 24 for the gas supply, as well as
for the cooling. A coolant, e.g. an air-water mixture, is conducted between the outer
15 51 - and inner pipe 52. It exits at the end of the lance 50, which is indicated by ar-
rows. At this second end of the lance 50, once again a protective bell 27 for the thin- -
walled container 25 is attached. Depending on the flow speed or the distance of the
~ coolant outlet opening of the lance 50 from the protective bell 27, resp., the coolant

conducted through the lance 50 is also able to cool the protective bell 27.

20  The connection 24 of the cooling system is equipped with a cooling connection valve
28, e.g. a manually opefated valve. Actuating it enables switching on and — off the
cooling system as required. In j)reference also the production of a certain mixing
ratio of_diffeﬁng‘ coolants is made possible, here represented by two connection lines

.or - hoses 24a, b, respectively.




in the Figure as dashed lines, wherein the signal direction is indicated
with arrows. pifdarst of all the sol enoid val ves are brieflg opened, e.g. for
a few seconds. During this 10 time period the gas cont erftSeftember #08ssur e
vessels 33, 34 flows .into the lance 20 through separate gas supply lines
.29, 30. There the conponents are mixed al¥d con- ducted into the thin-walled
~container 25 through the inner pipe 22, wherein they inflate it. In a
preferred enbodi nent of the cleaning device, the gas supply lines 29, 30
are mai ntai ned separate in the inner pipe 22 of the |lance, so that the
gases are only 15 m xed inside the thin-walled container 25 and there form
an explosive gas mxture. After the closing of the solenoid valves 31, 32,
i n pref er ence liheegooling systern designeden thivinayneois, in prefereficcactieated pher toghs t i on

device is actuated.an he expl.asjon.is triggered. . Depending on the
sel ect ed con%?%%ﬁ@ |°%'ngfo¢1etei?ﬁréce§£sm LHPPyves %gﬂ’éj’b“‘ffﬂﬁ ‘bf‘?i'gmfgs"é'?‘:hf"i”nén ¥Gni tion
devi ce is cortecwhelodinid byridh Fukihg Mactome el i9RE8jectdM o it haki &R a@ﬁ&peSSsOf

20 the thin-walled container 25 anmbunts to a few seconds, typically | -
sec, e.g., nsegooling Sysigmmef thising ralso espable of heing inclydedtin recontrblesysnner

e ¢ awes p FATENELARDE . o vl £ Rk bl FRBGR dtpentsitingsy 1S

sent throughtibinet onerend gfithelande 5Fand idtiave U BEk A O the Rem&asd. Apissuppl y
lines 30 is equjpped wth an additional valve 41, which is connected wth a

P1994 PCT -1V de $bler e-goimhe 635508 48 eutenPiPe 5 s1959d iat ompendewith agub-
conpressed ajkqd 5584 of ' | inder. This additional

val ve 41, here %ggiﬁ{tgg% a(s) gong%@ggg{)@ﬁ@gwgyﬁgﬁe ‘erably is also capable of
being driven and actuated automatically. If for the cleaning not only ‘
gaseous, but also, resp. exclusively liquid materials are

The cleaning method according to the invention with the device described in Figure 3

10 proceeds in a similar manner as that of Figure 2: Soaking of a thin-walled container
25 with coolant, activation of the lance cooling system, introduction and positioning

of the lance, filling of the pressure vessels 33, 34 with the required gas quantities,
triggering of the ignition process by means of actuating a pressure switch 39. The

gas, resp. the gases flow through the lance 50 and inflate the thin-walled container

15  25. This container is initially protected against heating up by the protective bell 27,
thereupon substantially by the soaked protective envelope 25b. When the required

gas volume has reached the thin-walled container 25, thé rexplosive gas mixture is
ignitéd by means of suitable means of ignition 19. In preference, following the car-

~ rying out of the cleaning process, the inner pipe 52 and possibly also the outer pipe

20 51 is cleaned in a cleaning step, e.g. by means of compressed air it is freed of slag

-and water.

The utilisation of a thin-walled container in accordance with the invention presented

here provides the advantage, that it is exceedingly cheap to manufacture, An addi-

| tional advantage of a thin-walled container made of a plastic sack enveloped with
25  paper is the fact, that while any possible sparking can perforate the plastic sack, the
envelope, however, continues to protect the explosive gas or - gas mixture. A protec-

tive envelope made of absorbent material may be construcied with several layers. By




utilised, then the volune of the thin-walled container 25 may be kept

correspond- imgdgpcgmal | . It is then made out of a corres ondln |y suitable
material, e.g. out of . substantially liquid-tight plastif Sehiea %ﬁ@@? Fi gure
3 illustrates a third enbodi nent of the device in accordance with the

.inven- tion. It conprises an exenplary ethstruction of a cool able |ance 50.

- A nmgjority of 10 the reference narks are the sane as in Figure 2. These

correspondingly refer to the sane exenplary characteristics and el enents
and not all of themare nentioned any- nore at this point. The cool abl e

| ance 50 conprising an outer pipe 51 and an inner pipe 52, at its end is
equi pped wi th connections 23, 24 for the gas supply, as well as for the
cool ing. A caotaanof the, for esampleprowision ofrseveral singleslagerpdetettbad chedlvmstht he
outer 15 51 - exits,at the end of the %?nce 50, which

nd
i s indicated Cﬁ%alg t 5‘3\/31% tcalpﬁt?lg ié’fﬁﬁdadé‘mfdotp lemperaes i diffeseatly hafain a
protective bezlebsem BlyOéxplbifing Mhdevapdlakigs caemgabﬂ%{utﬁﬁe 'céoléﬁt%,a $8 lf%?e”d' ng

on the fIOM/speed or the distance of the coolant outlet openin

| ance 50 frofPelad iplasirdbrough tydnnceptesp.r isgisressayalugingltianactual cledniog echet hr ough
the lancez50.,.,Js also able to cool the protective bell 27. 20 The
connectlon 25$0f the cooling systemis equipped with a cooling connection
~valve 28, e.g. a manually operated valve. Actuating it enables sw tching
on and - off the cooling systemas required. In preference also the
production of a certain mxing ratio of differing coolants is nmade

- possi ble, here represented by two connection lines or - hoses 24a, b,
?respectlvely P1994 PCT -18 8 September 2005 A | ance cooling system
"designed in this manner is in preference activated prior to the
“introduction of the lance 50 into a hot vessel. Typically it remains

swi t.ched on for




the whol e tlrre period, durlng which the lance is subjected to the heat. An
“active lance cooling systemof this kind is al so capabl e of being included
in a control sys 5 tern 40, Naturally it is also possi bI8e'3QR§emlPer bce a
cool ant through a cool ant connec- tion at one end of the lance 50 and to
‘have it flow back again to the sane end. This would be possible, e.g. in
the case of an outer pipe 51 closed at one end with a sub- stantially
U-shaped or concentric cool ant supply system The cl eaning nmet hod accordi ng
to the invention with the device described in Figure 3 10 proceeds in a
simlar manner as that of Figure 2: Soaking of a thin-walled container 25
with cool ant, activation of the |ance_cegling system introduction and
positioning of the lance, filling of the pressure vessels 33, 34 with the
requi red gas quantities, triggering of the ignition process by neans of
actuating a pressure swtch 39. The gas, resp t he gases flow through the
| ance 50 and inflate the thin-wal Agﬂ—ﬂqgg 25. This container is
initially protected agai nst heating up e prot ective bell 27,
‘thereupon substantially by the soaked prot ectl ve envel ope 25b. Wen the
required gas volune has reached the thin-walled container 25, the
expl osive ga ﬁll re |s. nited by neans of suitable neans of ignition
19. In prefetenc I PbWer?geaPH’é of gpntamjnatignovith dift, tesp. kg sgpleposss,
t he inner pipe S ned in a
- cl eani ng step, g%gﬁ%gmrr%%%@% MO%S gsse gglfppais{i“g éC*fl}O%ﬂerHF Q%ébd“%nd
‘wat er. The uti | iisgtheopendtion dfhhdunmlldxt&ﬂ £2p! @héifthe *v@ssél%ﬁéﬁ@ﬂ&r%ci’!r%#&dt he
inventi on presente here provides the advant age, that it is exceedingly
~cheap t o”manuf adPJp¥.2 piRe-Ligedevies. serpt lanes, €29 a?g'@%ghtaﬂtphhmvmnoemataim-al ner
- made of a plasti V{1 Ma] h fact at i.l e any
possi bl e spar ki ﬁg)"?gﬁhﬁlg?f oraﬁﬂ%t\r,]&leé HPaéltl C sgcﬂ?s‘l agvmg'nr@@ &%’5 @@v&éver
continues to prgostioneda e progmitg ogaiaa @ntamigatorvith i€ resp. BAGIESr sihd Ve

envel ope nmade of absor nt materi he constructed with several Tayers.
By P POSIts (%F t&'lat a flowable, ex osive mixture ?7% or flowable components Y

which components, when mixed, form an explosive mixture, are guided
10 through the pipe-like device, resp. lance (20), thereby getting into the proxim-
ity of the contamination with dirt, resp. caking or slag deposits (6), and that the
explosive flowable mixture (7), which is, when appropriate, produced by mix-

ing of the flowable components, is made to detonate.

2. Method for the cleaning of contamination with dirt, resp. caking or slag depos-
15 its according to claim 1, characterised in that the explosive, flowable mixture
or the flowable components are at least partly in a gaseous, liquid or powdery

form.

3. Method for the cleaning of contamination with dirt, resp. caking or slag depos- |
its according to claim 1 or 2, characterised in that a thin-walled container (25)
20 that is attached to the pipe-like device, resp. lance (20} is brought into the
| p_roximity of the contamination with dirt, resp. caking or slag deposits (6) by

means of the pipe-like device, resp. lance (20), and that the flowable explosive




' 'P1994 PCT -19 8 Septenber 2005 neans of the, for exanple, provision of
several single-layer protective envel opes, the container therefore is
capabl e of being adapted to tenperatures in differently $heertembeiszi0s By
exploiting the evaporation cooling of _sgihtable coolants, no supply of
.coolant into or through the |ance, resp., is necessary during the actual
cleaning proc ess. - 20 ANMENDED CLAIMS 1. Method for the cleaning of
contamination with dirt, resp. caking or slag depos- its in vessels and
installations by neans of blasting technology preferably dur- ing the
operation of- the installation, resp. when the vessel is hot, characterised
5in that a pi peftikkee Hawr the flovese compaentOhich soMpontgs, WHEhGniBE r¥asSe!
or installa- ti ognier;( lsou%h a. manner. that the m)tgth of the pipe-like device,
resp. |ance (20) “TFSXPESEETRRES 15(re ﬁéo‘i%&“ﬁ%?tﬁi ¢ thip-walledenmtaingrn@6) end wi t h
dirt, resp. caki igaromadk &9deté@R@sits (6), that a flowable, explosive
m xture (7), or flowable conponents which conponents, when m xed, form an
expl osive m xture, are guided 10 through the pipe-like device, resp. |ance
- (20), thereby getting into the proxim ity of the contam nation with dirt,
resp. cakingor g deposits (6), and that the explosive flowable m xture
(7), which i#% mﬁ@ﬂ’%‘pfﬁlﬁ Bisrilespmng of coptaatinatinn witl dirt, pegpotalimpor dlagddpos-
conmponentss, is . 0 . or 1 ¢l eani of . .
cont am na?i on vvin?ﬂgcc?ihgltn?ﬁoeég%&?%’a ."‘ﬁ%/&%agégi élgélatetggghm‘f‘g‘ﬁle?go'ét@%F Fohé t o
claim1, charactaflaeddyigasdshas )t drdyekiplegsibviee fbvabie iRt ) Weford Helohs
fl owabl e corrponetri]('gns are at least partly in a gaseous, liquid or powdery

5. Method for the cleaning of contamination with dirt, resp. caking or slag depos-
its according to one of the claims 1, resp. 3 or 4, characterised in that the
10 flowable, explosive mixture (7) is mixed in the proximity of a surface to be

cleaned (5), resp. in the thin-walled container (25).

6.  Method for the cleaning of contamination with dirt, resp. caking or slag depos-
its according to one of the preceding claims, characterised in that gases (3, 4)
or the explosive, flowable mixture (7) flow out of at least one pressure vessel

.15 (33, 34) into the pipe-like device, resp. the lance (20).

7._ " Method for the cleaning of contamination with dirt, resp. caking or slag depos-
its according to one of the preceding claims, characterised in that the flowable
~explosive mixture (7) is produced by the mixing of a gaseous fuel (4) and a

gaseous oxidising agent (3).

20 8. ~ Method for the cleaning of contamination with dirt, resp. caking of slag depos-

its according to one of the claims 3-7, characterised in that as thin-walled




~form 3. Method for the cleaning of contam nation with dirt, resp. caking
or slag depos- its according to claiml or 2, characterised in that a
thin-wal | ed container (25) 20 that is attached to the pieentpReeRiPSce,
resp. lance (20) is brought into the _preximty of the contam nation with
dirt, resp. caking or slag deposits (6) by neans of the pipe-Ilike device,
resp. lance (20), and that the flowabl e expl osive 8 Septenber 2005 - 21

m xture (7) or the flowable conmponents which conponents, when m xed, form
. an explosive mxture, is/are brought into the thin-walled container (35)
and is/are made to detonate. 4. Method for the cleaning of contam nation

with dirt, resp. cestRinay (2 aml m@atﬁbhomveﬁpeta&cﬁ@@ﬁdﬂleﬁt@np& @'fﬁﬂxiﬁl@glasuc
y gases

characterised in that n cont.ai ner (25) is inflated

(3, 4) or by the '&% (25@ ‘?rla&ﬁi%lnéel?#l??‘bﬁ e eonfaiger ip utilispek ona- tion. 5.

Met hod for the cleaning of contam nation wth dirt, resp. caking or slag
depos- its according to one of the clains 1, resp. 3 or 4, characterised in
that the 10 flowable, explosive mixture (7) is mxed in the proximty of a

surface to b@. cMesiweldof Be cléfsmy of dontdEnd o iR bire despOBH@ S &r {PPIposS-
Met hod for the c|eanin cg of contam nation with dirt, resp. |ng or slag
depos- its accor 8F ARFOFENSHeoae of e ?fl?lé@e"dﬁ n‘éﬂa@adﬁmed uhdraaﬁteempe}hkle de- t hat

gases (3,54) orythe a%e _ out of at |east
" one pressure ves‘s”e?’ 6%5( gghé/eg%ﬁ%n% {"ﬁ Mé‘ﬁé{@'ﬂ CP@@?} the |ance
(20). 7. Method for the cleaning of contam nation with d| rt resp. caking
- or.slag depos- its according to one of the preceding clains, characterised

|n that the flowable
10. Method for the cleaning of contamination with dirt, resp. caking or slag depos-

its according to claim 9, characterised in that the thin-walled container (25) is

cooled by a protective envelope (25b) soaked with coolant.

11.  Device for the cleaning of contamination with dirt, resp. caking or slag deposits

10 in vessels and installations, characterised in that it comprises a lance designed
in the manner of a pipe and comprises means of supply (1,2) on one end of the

lance, wherein the means of supply are designed in a manner in order to con-

duct into the lance either in one conduit or separately, a flowable explosive

mixture (7) or flowable components, which cbrnponents, when mixed, form an

15 explosive mixture, and that the lance on its other end, which end is to be intro-

duced into the vessel, comprises an expandable thin-walled container (25).

12. Device according to claim 11, characterised in that the means of supply are
designed in a manner in order to conduct the flowable components separately
through the lance.

20 13. Device according to one of the claims 11 or 12, characterised in that the thin-

walled container (25) is an inflatable envelope, such as, for example, a flexible

o

plastic envelope (25 a) or an elastic, balloon-like container.




- expl osive mxture (7) is produced by the m xing of a gaseous fuel (4) and a
“‘gaseous oxidising agent (3). 20 8. Method for the cleaning of contam nation
with dirt, resp. caking or slag depos- its according to %gépf&mbﬁh@(@ ai ns
3-7, characterised in that as thin-wall e§38 Sept enber 2005 - 22 contai ner
(25) an inflatable envelope, such as, for"“exanple, a flexible plastic

envel ope (25a) or an elastic, balloon-like container is utilised. 9. Method
for the cleaning of contam nation with dirt, resp. caking or slag depos-
its according to one of the clains 2-8, characterised in that the pipe-like
de- vice, rei/gé‘.L the lance (20) and/or the thin-walled container (25) is
cool ed. 10. M hoBevioe atdveding eabheof tHe €lgiisani fa)alj,%am&é}iéihf'hwhéﬁﬁ@ n-

caki ng or slag depps- its ?ccor.di ng to claima?9, characterised in thatethe
thi n-wal'l ed cont afTEM38E L tgnution,sy) dar Bie ignitiontod e oxplesinecinppere((ZBb) faoaked
with coolant. 11. i i . mnation with dirt, resp.
.caking or slag de%gg??g&%égﬁohﬂﬁgg}slgﬁgbana%lgur%{sﬁ?af”ﬁati ons, characterised in
that it conprises a |lance designed in the manner of a pipe and conprises
means of supply (1,2) on one end of the |I|ance, wherein the neans of supply
are designed in a manner in order to con- duct into the |ance either in one
condui t or sdpar d{a¥ise acgordingraning afxpé okime 11 o X4 Uekarddprisdd fol @YEHR6m-

conmponent §, whic e i xed,. fqrman 15 expl osive m xture,. and

‘that the ?ance o%rilg%;mg%}ﬁg@scgﬁgh?g a}ﬁ%ﬁﬁé’ﬁwqqgmte&“ﬂ r 2 heacheoolipg s¥stemt o t he
vessel , conprises an expandabl e thin-walled container (25). 12. Device
according to claim1ll, characterised in that the neans of supply are
designed in a manner in order to conduct the flowabl e conponents separately

t hrough t he é&nc®evice according to claim 15, characterised in that the head cooling system

comprises a protective envelope {25b) soakable with coolant.

17.  Device according to one of the claims 11 to 16, characterised in that the end
of the pipe-like formed lance leading into the vessel comprises a protective de-

10 vice (27), in which the uninflated thin-walled container (25) is stowed away.




20 13. Device according to one of the clains 11 or 12, characterised in
t hat the. thinPis9@lPdTed container (25) is an inflatable envel ope, @ @?;%;as, :
for exanple, a flexible plastic envel ope (25a) or an el a§§PEt?mb§T$ -like '
container. 8 Septenber 2005 - 2 3 - 14. Device according to one of the

clains 11 to 13, characterised in that i"#4con- tains means of ignition (8)

for the ignition of the explosive mxture (7) or for the conponents

form ng an explosive mxture (7). 15. Device according to one of the clains
11 to 14, characterised in that it com prises neans for cooling the shaft
of the lance and/or a head cooling system 16. Device according to claim
15, characterised in that the head cooling system conprises a protective
envel ope (25b) soakable with coolant. 17. Device according to one of the
clainms 11 to 16, characterised in that the end of the pipe-like forned

| ance | eading into the vessel conprises a protective de 10 vice (27), in
which the uninflated thin-walled container (25) is stowed away. ABSTRACT
The invention is related to a so-called on-line nethod and a device for the
cl eaning of contami nation with dirtggﬁﬁﬁQACTcaking or slag deposits in
vessel s and conbustion installations by neans of blasting technol ogy. For

- this purpose, an explosive gas mxture is nade to detonate in the
~proximty of the contam nation with dirt, resp., caking or slag deposits.

(Figure 2) L
The invention is related to a so-called on-line method and a device for the cleaning of

‘contamination with dirt, resp., caking or slag deposits in vessels and combustion
5  installations by means of blasting technology. For this purpose, an explosive gas
mixture is made to detonate in the proximity of the contamination with dirt, resp.,

caking or slag deposits.

(Figure 2)




