;e3e X1 **+\ . L. &061TX1[0 9 D E C 2002 METHOD FOR CLEANI NG HEAVY
HYDROCARBON SCALE ADHERED TO EQUI PMENT AND PI PI NG STRUCTURE FOR CLEANIERG00?
BACKGROUND OF THE I NVENTION 1. Field of the Inveny ent invention
relates to a nethod for cleaning heavy hydrocar bomlllmmmmmwmra shell and

t ube heat exchanger or other such devisce incorporated”%ﬂma equi pnent in a
petroleumrefining plant or the |like that processes petrol eum hydrocarbons
as a raw material. The present invention also relates to a piping structure
for cl eani ngMERFHODe¥DORe CRERNONSIHEAVY hHYRROCARBONI SOAUE CARHERED T@t hod. The
present specification is based on patent applications filed in Japan
(Japanese Pat ent ApIIRMEND AND.P HEINID-STRIBITURE] i s EAMNGNt Appl i cation
No. Hei 10-48301), the content of which is incorporated herein by reference.
2. Description of the Related Art Hi ghly viscous heavy hydrocarbon-derived
foul ant (hereinafter, referred to as "scaleﬂ%ﬁ;ontaining iron sulfide,

catal yst and the |ike adhdtKGFPUNHEE HE (MYENION nsi de heat exchangers

or other devices incorporated into coking, fluid catalytic cracker, or
at nospheric or vacuumdistillation units which process heavy

hydr ocar Pnﬁggiagﬁgtﬁﬁégfﬁééééf$ in a petroleumrefining plant or the Ilike.

Scal e adhesions ot equi pnent reduce the efficiency of heat

transfer and t] i t i ficiency of
{ranster and bW SpReRERel LGl R x STe{LE GYEl ShdyRPIG! (O BT onC
regul arlyed ¥y By@FY8ErDEH| §6aDE £HER & NsIEOLIal® SRR hdd¥e SBHDTRIN -

Cl eani ng of such equi pnent has conventionally been carried out using a

mechani cet etkeni sgciieddotce nindbdehofHteé@in i & eyt Vi eoved, or a
chem cal cleaning nethod in which the foulant is chemcally renoved.
Vari ous pethabé¢enl reftaingophantoos the hike |t peadsses petroleum
hydrocarbons as a raw material. The present invention also
relates to a piping structure for cleaning the device employed
in the aforementioned cleaning method.
The present speclfication is based on patent applications
filed in Japan (Japanese Patent Application No. Hei09-221801,
Japanese Patent Application No. Hell0-48301), the content of

which is incorporated herein by reference.

2. Description of the Related Art

Highly viscous heavy hydrocarbon-derived foulant
(hereinafter, referred to as "“scale”) containing iron sulfide,
catalyst and the like adheres on tubes and the like inside
heat exchangers or other devices incorporated into coking,
fluid catalytic cracker, or atmospheric or vacuum distillation
units which process heavy hydrocarbon-derived raw material in
a petroleum refining plant or the like. Scale adhesions on
these types of equipment reduce the efficiency of heat
transfer and have a negative impact on the overall production

efficiency of the plant. As a result, the plant must be shut

Iy
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as a jet cleaning method in which high pressure water is continuously
sprayed though a small dianeter nozzle, so that the force of the water
renmoves the scale; a blast cleaning nmethod in which an abrasive ﬁﬂiﬂ @i
sand, alum na, or steel balls is sprayed at high speed, so that t F @%
of inpact renoves the scale; a pig cI%?ning method in which pig is
conpression relayed by neans of air or“water inside piping to renpove the
scale; and a cutting cleaning nethod in which scale is renoved by rotating
a cutter b : t cas o 168! o€l b N S od is
Bvai | abl GovR EHROkacRy) E8rcE L aan HEFLEE of B e et e o
mai nly ceRkakguipmbate active agents. However, when cleaning heavy

hydr ocarbon scal e, considerable tinme and expense was incurred in order to
renove the hi ghluningcotissaenl equipgandl ras obnwehtbondllpebadwr ement i oned
mechani cal cl eani ng nmet hods was enpl oyed. For exanple, water-jet cleaning
was carricadrdetd batr esing goweahénicain cheanhmgrmahbodutrrwiichaces of
tubes of heat exchanger between the residual oil and the crude oil in the
pet r ol eudondang A§ phystcalaynosprEefe arsdi Fhemieal ualieaning nekhedn
distillation unit. Water jet cleaning was perforned when operations in the
pl ant wedd ¥hisbnibe ﬁ@PlGVEréFICQ@W%FE?%&,rem@VQdDEC 7.007 3 or by

suspending opeLall on oL Ruby 2,PotLLonol o e, GO oTenL p1d,fL sosegrol  no
tracting the fluid_insid i ; . L ot |
CKL1 1 A9 MR BBtoSR ShiEAUABIE bro SR O esshel | cover

di sassenbloniy R sakeanagh! chEALh’ 85 shai §°aPGHLRERMh oz RECONST ingich care

must be exercl se en“1nserting e tu S SO necessary to

confirm tthat fdra@meld ensubatapcesmai8sbehaVsaaseecafl btasoneeasnsigon during
equi pnent di sassenbling. As a result, this operation required nuch tinme and

expense. methidderin whiishopar abirasiwassabhoapr sAhapaalaminat hat stegl esent ed
a danger to workers during novenent of heavy equi pnent, cleaning

oper at i ot 1ltsr d&t spriayeld wdshdghaspeedandohtatptbhesfioeceeof oprpatt ons.
Also, the plant's operational efficiency fell because of the requirenment to
suspend &§doxesothe scaleong piri 6deaninpnpeted dnsuBiehbPidglis he

equi pnent. 1 n general, _chem cal cleaning nethods have not been sufficiently

of ot | vETRESSSAGR megadRd PENBERRG REa?)=noBr BRAPBOANSLAP PLRHAT 116

, i ti | hem | it t i nt ai
the tenpetRRyEs e SUALEA PRY eneCsraat RyCBrbRacE TRoRr EEr PLth iEvetse the
ef 1 ci engy, glordiAlee HyegnYal1HOURURE roAAYEOUS Gheani ng sol vents using

conventional chem cal’'s presen an envi ronnen al hazard by a treatnent of
the waste cl eam RheS@av@Nbs EAEmibBhI E288AMNg! MePASABSCESMAENOA OIS €atl the

wast e cl eani ng sol vent w thout the environnmental hazard, adding to the

costs of avied labdeedmr ehilhr eedee, ih@issolved and removed using
chemicals which mainly contain surface active agents.

However, when cleaning heavy hydrocarbon scale,

considerable time and expense was incurred in order to remove
the highly viscous scale, regardless of which of the
aforementioned mechanical cleaning methods was employed. For
example, water-jet cleaning was carried out to remove foulant
from the inner and outer surfaces of tubes of heat exchanger
between the residual oil and the crude oil in the petroleum
refining plant’'s atmospheric distillation unit or a vacuum

distillation unit. Water jet cleaning was performed when

operations in the plant were suspended for overall servicing,



0 9 DE C 2002 4 chem cal products thensel ves were expensive, so that
overall costs rose. In order to resolve the problemof the tinme required
for the cleaning operation, US Patent Application 5,425,814 discl@S@iquy
cl eani ng techni que for hydrocarbon processing equi pment, for exanple. The
techni que | eaves out a precleaning opeyation, referred to as "steamout”,
in which steamis sent inside the systemto renove volatile conponents,

espect aldy REzaNg q@%égglr;f%ga'et&%%' Y UAyORCEAHABA oFl AAdAEdubheERRi NI

time is sigmfic as a res t abl e cl eani ng i s"nmal nt ai ned

in this 4eehdi e Mb19HP AN H NG n P18 A bpREadl cAGUE 0BG UL Pehiton

conprising of terpenes and surtface active agents conventionally enpl oyed

i nsi de tdyes $9dn 1N d N0 WPRG-a 1fonl 1o eixit raled 1@igr atleatfilng.dl @apiablovwever,
the technique's efficacy in renoving heavy hydrocarbon scal e adhered to
equi prerd plece pfarquEmalent ,ng anetvrimge wted ahieldd coyergc ankdopuldwngat eri al
remai ns problematic. In particular, in recent years, the duration between
regul ar owf ritrenandee famndlengt hened, requiring cleaning of heat exchangers
and the |like before the next maintenance period. In this case, plant

oper ati ons arRLSRASINEgdred@fuipnentafdienr: ¥d sassenPdiae e8dr sdgasdndnd t he
equi pnent. to be cleaned is isolated fromthe |ine. Alternativeg%, operation

of a portt rrHIL AR PRI &P e MORFPVEEM TS C&LH ARSHt BRance) s

f d, it Js desi l.e t t | i i hor t
ossi bl X% TR At ATARSTS Wt S ETr LGy G 7S WENTION D 9
DEC 20 .S, t i i i f i t hod
for cl %ﬁ%émée%y{fy%o%%%%hiégle agq;me %eﬁ%p%gg{égn%#r ;B#l%ﬁi %hnfheo

operat i ofigdci# 1@ dlcdriiind it tdl&i%@'é%%dﬁ:n_ﬁh@tr la1 el And0 I iagkaduring
the operation, treatnent of the waste cleaning solvent is not problematic,

and the sesdPt) stHwiask090 el rdd sl elinedtanld \Wxpesise.lt is an
addi ti onal objective of the present invention to provide a piping structure
for cl eani ng Burtier s tUsled operdattiion meshadscApomtdiemgitic iim tthatnéthod of
the present invention, an organic cleaning solvent is enployed to clean
equi prer@reSeA iR He Aanganriisr Adydie e duwrlagh awivement o d@@vpnent
incorporated into a device for processing petrol eumderived hydrocarbons,

wher ei n $EERIPGENT CleFHRh PREFAJEARDS s TredtReRte ddomFsits WG teF qand
petrol e rive drpcar bon whi ch n. di ssol ve the oil_ conpaonent of the
heavy h;&gar;%gaé%%%s"{s}geal etanO(Ped:ﬁa%c;XWe'nc 4 ’nisci’ge [5)§1aéll' Sr é)gr%r 88‘8 und B
that proypE£ss & ' égug [ | j rggg% , the method
conprising: a %?‘z’ég’%ﬁing% I speérjsﬁg'r% %ﬁﬁé&\@éﬁo fo Gé?r(lits i s dissolved
and di spspéeslit n s U/ i Nch prEbiGide WAl ik he TNV EnPARnYd thel vent
i nside the device or by soaking the equipnment in the organic cleaning
sol vent ;equipment.
In general, chemical cleaning methods have not been
sufficiently effective in dissolving and removing heavy

hydrocarbon scale. For this reason, when employing

conventional chemicals, 1t was necessary to maintain the
temperature at 80°C during the cleaning process in order to

increase the efficiency of scale removal.

However, aqueous cleaning solvents using conventional
chemlcals presented an environmental hazard by a treatment of
the waste cleaning solvent. For this reason, it was necessary
to treat the waste cleaning solvent without the environmental

hazard, adding to the costs of the procedure. Moreover, the



a renoval by peeling step carried out at the sane tinme as or subsequent to
t he di ssol ving/di spersing step in which the remaining sludge froanqE Q@ A
hydr ocarbon scale is renoved by peeling; and a m xi hg and processi ng gt @
in which the used organic cleaning solvent is mxed in with the raw

mat eri al and processed. 09 Df C2Q02 It is desirable to provide a step
for formng a circulating line prior to the dissolving/dispersing step by
connecting the nmeans for supplying and circul ating the cl eaning solvent to

t he equi pnent to be cleaned, w th cycling cleaning pref I [ried out
in a cI6§§ﬁﬂ§§ét@ﬁpd?ﬁ§5f&WQ&ﬁ e8f 8L P CEPENSHY Vn3§ gégg ¥X§5Fiiof t he
presentchﬁﬁp&%%@ s approach to resolving the aforenentioned probl ens.
Nanel y, e ¢l"éarii ng such petrol eumrefining plant equi pnent as heat

exchangers | RGOIHNA! qa, i/l 1GRKILRG, prbBidmCaEakKe! ¢1hEACKBL1rEE for
atnospheric or vacuumdistillation units to which heavy hydrocarbon scal e

has adhaifd o1 dai e dpedmdiRcanopateale App1aeadyved 8, 4hgygidanger ous
operations, in a short period of time with surety and at |ow cost. Further,

since t ha dircdson @fl enigpRNYedhndiquel fotr agdraciabendprorgssliiagni ng is
reduced or elimnated, the cleaning operation causes only a slight decrease
in the pantprendperfat encdmpdfef.i ciTiyec yechindguet Reayesr auitng pEeici ency of

t he heat exchanger or the like is inproved, while the operational costs
associ atakeaging drenatiprar e afegiredd tovgseovdeam ketwasie whdshi A§e3Bl vent
can be processed insjde the petroleumrefining facility, so that costs
associ at’t $4th insidey e syshen fo Temoyer &9 Len FrMERRERLE S

cont am nat_i on ed.not be a _.concern. .The.current appl%ﬁabilit

Cechni oUE RO Y FERETRG SodvacvetaBrany G0 SHERF aorhg bearate.
sahes, S LS g ol bodnd o] Shabegcy fos
cleaning is maintained in this technique by compounding,
circulating an aqueous solution comprising of terpenes and
surface active agents conventionally employed inside the
system, and employing a filter in the circulating loop.
However, the technique’'s efficacy in removing heavy
hydrocarbon scale adhered to equipment in a plant employing
petroleum-derived hydrocarbon raw material remains
problematic.

In particular, in recent years, the duration between
regular maintenance has lengthened, requiring cleaning of heat
exchangers and the like before the next maintenance period.

In this case, plant operations are not suspended, but rather
the throughput is reduced and the equipment to be cleaned is
isolated from the line. Alternatively, operation of a portion
of the devices is halted, and OSM (on-steam maintenance) 1is

performed. However, it 1s desirable to make the cleanling time

as short as possible so that productivity is not reduced

SUMMARY OF THE INVENTION



operating a petroleumrefining plant continuously for an extended period of
time. OF course this technique is also effective in shortening the duration
of regular maintenance operations. BRI EF DESCRI PTI ON OF THE DRAW NG ﬁt@?ﬂﬂ?
is a schematic structural diagram showi ng the process line at the bottom™o
the petroleumrefining plant's vacuun19isti||ation unit, and an exanpl e of
a bypass line in the present invention for isolating the device to be

cl eaned fromthe process line. FIG 2 is a schematic structural diagram
showi ng one exanple of the piping structure for the circulating line in the

Pare of Tkt ok g iAdt B A st A A TR i, ) onri ng
| t in.th i t.to.b | d._FLG 4 ] h i th
Posurts nrtralf £ AR S et SREbednRn ddld LIRS L0
howi the. 1 .Tgst i { td i E 06 i
;r g\émhngheo%r%“?e[s‘#e %%ﬁ%%o’%@%%@% el gceﬁ“ﬁg ﬁognpﬁéggb\éﬁlq}q gé\;ieentélco%nl.e FII Séi :
7is a Qif&@hoﬁhtp,‘g’s"i Hedde & a5l £ Ssi0fadhestg BRfe i ibd N& ANt of

i nvention. FIG I's a schematic structural view show ng the experinental
equi prenthe i e tidndasd fmraie % notd rdd a2 Rdlthe EdHlar graph

showi ng the results of the neasurenents nade in Test Exanple 5. DESCRI PTI ON
OF THE BRERtdiRpi2EMBIA NN with surety at low cost. It is an

additional objective of the present invention to provide a

piping structure for cleaning which is used with the method.

Accordingly, in the method of the present invention, an
organic cleaning solvent is employed to clean egquipment having
heavy hydrocarbon scale adhesions, the equipment incorporated
into a device for processing petroleum-derived hydrocarbons,
wherein the organic cleaning solvent is a mixture comprising
of a petroleum-derived hydrocarbon A which can dissoclve the
0oll component of the heavy hydrocarbon scale and an oxygen-
containing polar organic compound B that promotes dissolution
and dispersion as active components, the method comprising:

a dissolving/dispersing step in which oil foulant is
dissolved and dispersed by supplying and clrculating an
organic cleaning solvent inside the device or by soaking the
equipment in the organic cleaning solvent;

a removal by peeling step carried out at the same time as
or subsequent to the dilssolving/dispersing step in which the
remalning sludge from the heavy hydrocarbon scale is removed
by peeling; and

a mixing and processing step in which the used organic
cleaning solvent is mixed in with the raw material and

processed.



The present inventors discovered that a m xture of a petrol eumderived

hydr ocarbon A and an oxygen-contai ni ng pol ar organi c conpound B is
extrenely effective in renoving heavy hydrocarbon scale in particu'ﬁgﬂECZ%Z
Thereafter, the present inventors conceived of a highly efficacious

cl eaning method using this organic cleéning solvent, and a piping structure
for cl eaning equi pnment enploying this ¢leaning nethod. Heavy hydrocarbon
scal e adhered to tubes or the |ike inside equipnent such as a shell and

t ube heat excHangerdeHIRkes ¥ Pt 2 \§ o feDifosERsbrfent and sl udge

(particul ate components Iikeirog:sul i de agsl SO, .on. e scale affixes to

T
t he surf%ﬁﬁPQﬁaﬁ4ﬂgt RS 1 : %RQV NP eds qﬁ;ﬁﬁqp hponent .
of the. (SRR, oty S e B e et el it o d ssol ve
t he hi ' ' t i l.e. ,Th - i i I
organ:gQ%%ﬁ%gﬁﬁ%q%?é&é%ﬁ:%%:ﬂhﬁ;%§4£§%E%§$ﬂ%%tg%ﬁﬁgﬁéﬁﬁﬂbf qﬁgkpkggéﬁf o

i nventi quy r i i vent r t i 1d t he penetration
of petro e%arrx?iﬁ%lgeﬁygr o%]g:r onie?ion"?% ﬁ? sé(}é{sge.cd [')'J'j}esq{egn't he cooperative
function of cpaENisyihPEERctdard lomMRREMs OIrs¥ It YT e surface
of the scale, but also inside the scale, is dissolved and dispersed in the
0 9 D E gzxeXdMix % oreaiien '8 egpruaol e nte ddl iRy ditss Gl fo regdatitSiperes ng st ep
of the present invention's cleaning nethod. As a result, the highly viscous
scale | pmdtalged. to a solid particulate matter (sludge). Then, during the
step of renoving the scale by peeling, the solid particul ate sl udge

remai ni ng af tNamelie, seker ¢lepidih siteihgetnoleuns gteflnplag ipkfndt e mat t er
can be renoved easily fromthe surface of the equi pment. Even if the
oxygen- GSHIERRTHY 3Dike2abrerhan T otirPIPIrated didey adkinge Lwidht eri al
bei ng processed, and hecone m xed in and treated as r materi al, .they
have no GHAUSN T LBl Fafket Fn 4 FPTRRSTOHR TR AT G Tt A Jm MRS
such as,_fQqr anpl e ffecting a catalyst_ ar t li.ke.. The

petrol eutnqr 3%1}?%? “?1%/‘9? ?c%‘?rboo%ajf&)oa Sk oeeglé/nsota%}eerseen't ta{leprtbeoar\@'m since it is
suppl i e SR ' h foci L . .

or gani cq%:}{&e%rﬁ:%%ﬁésrgﬁ%%e Egénp% SI ng& S‘geif%(ﬂg:unfﬁ{eér%%/%ﬁds hg}ﬁr o%a#g{ogn' ,&qgnd
OXygen- GOrEd it NEe PO @ o T EE Gy CRIMALRSE B LReatholow &SBHE £ & separate
process to treat the used cleaning solvent. Rather, the organic cleaning
sol vent can Euptieessetndy fleediuptiobask sudperddion edf Igntf acility. As
a result, costs associated with treating the used cl eaning sol vent are not

i ncurr ecopatatebwes , derine @tamiaamsiarédweedyalr ccladmbomte&antlize recover ed -
fromthe mxture, environmental contamination is not a concern. Further, it |
i s even A Lrefepemelen grugsionl Bt ¥ ught glegrrase dn ciaating i ne
prior to the dissolving/dispersing step by connecting the neans which \

suppl i ePIHYE § rREER oRgb &f $Rf %ol vent to the equi pmrent to be
cl eaned. By Qﬁﬁhyfn@he operating efficiency of the heat exchanger or

the like 1s improved, while the operational costs associlated
with cleaning are reduced.

Moreover, the waste cleaning solvent can be processed
inside the petroleum refining facility, so that costs
assoclated with thls process are not incurred and
environmental contamination need not be a concern.

The current applicability of a technique such as
described above, enabling equipment having scale adhesions to
be cleaned in a short period of time with good efficiency, has

been highly anticipated in view of the growing practice of



O 9 DEC ~00~to out circulating cleaning in a close systemin this
manner, the dissolving/dispersing step and the renoval by peeling iﬁg Eﬁﬂﬁl
be carried out at the same tine. During the dissolving/dispersing E

t he renoval by peeling step, highly viscous scale is changed and the sl udge
(solid particulate matter) only residg; due to the cooperative action of
the two conponents in the organic cl eaning solvent. The organic cl eaning
solvent circulates within the equipnment at a fixed linear velocity, so that
the scale sludge which is in the formof a solid particulate is renoved
fromthe f f t j ysi.cal [ f liquid, and
conveyecfpzeﬁastlaig’g %}é)éé:%uoﬁ%xfenﬁ{%@ﬁh@?gt pﬁea%th:l %%ﬁ:ei&&%rue%g'y?gr&%%gani ng is
signifi Ce%!@édﬁcf’c?%%d B Sild!Ct Wi Rfurlde® i8S YRl 1190 alidd now be
explained 1n detail. The organic cl eaning solvent enployed in the present

i nvent i Q¥ et vE Xl igh BN Rhed fadraalomnd o Pedrilidte thaindiedadideon A,

whi ch dissolves the oil foulant in a heavy hydrocarbon scale, and an
oxygen- Gy thidigs pol ar organi ¢ conpound, which pronotes the dissol ution
and di spersion of the scale in petrol eumderived hydrocarbon A as active
conponents. Conpounds applicable as petrol eumderived hydrocarbon A are not
particularly restricted, provided that the conpound enployed is a

hydr ocar bon whi ch di ssol vVBRIEReDBSCRIBTI OGNt OF nTRE HeRAWINGSIr ocar bon scal e,
wi th exanpl es ranging from |l ow boiling point conpounds |ike gasoline and

naptha to high boiling point conmpounds like fuel oil. O these, the raw
material, internediate product, or fina“ﬂﬁ{oduct of a device processing
pet r ol eum derf Med hylft Gt FRRREGE FTEHE R, idhagram yiPEthe002 n

oo oDSALa YRS Sl S i A S %00
or hi ghefa afih |1 b4 1 A bt d! HY dPREMPIY ©f S RiyHddd Q%ne in

the present invention for isolating the device to be cleaned

from the process line.

FIG. 2 is a schematic structural diagram showing one
example of the piping structure for the circulating line in
the present invention.

FIG. 3 1is a schematic structural diagram showing one
example of the piping structure for the connecting member for
the cleaning solvent in the equipment to be cleaned.

FIG. 4 i1s a graph showing the results of Test Example 1
in the present invention.

FIG. 5 is a graph showing the results of Test Example 2
in the present invention.

FIG. 6 is a graph showing the results of Test Example 3
in the present invention.

FIG. 7 is a graph showing the results of Test Example 4
in the present invention.

FIG. 8 1s a schematic structural view showing the

experimental equipment employed in Test Example 5.



Specifically, avail able conmpounds include the residual oil after

at nospheric distillation in a petroleumrefining device; |ight gaﬁ qki
(denoted as "LGO'" hereinafter) which is the light oil fraction ob 3' ngy
fractionation; heavy gas oil (denoted as "HGO' hereinafter), which is the
light oil fraction froma vacuun1disti4|ation unit; light cycle oi
(denoted as "LCO' hereinafter); as well as conpound nononers included in

t he precedin%‘such as paraffin- derlved hydrocarbons |i ke heptane, octane,

nonane, decaddG -uldd& ﬁbgqﬂﬂﬂaﬁ§ﬂ¥ NG tdec H9S Ut Ofg ddisn MeagyFements

pentadecane dr oal k In ht hal enes | i ke decahydr onapht hal ene,
decahyd ﬁ%ﬁﬁi ecahydr ot ri net hyl napht hal ene,
decahydroethylnaphthalene decahydrodlethylnaphthalene
decahydr o- n- propyl napht hal ene, and decahydr o-i sopr opyl napht hal ene;
non-aromati c cyclic hydrocarbons |ike butyl methyl cycl ohexane,

nmet hyl pent yl cycl ohexane, heptyl cycl ohexane, nethyl cycl ohexane,

di et hyl cycl ohexane, p éﬁiﬁfk’f&)ﬁh@ﬁ‘% PREF SR KA PEMBYD TGRS, aromatic

hydr ocarbons |i ke toul ene, xylene, and tetralin; and ligroin and |inonene.
These may be enpl oyed alone or in a mxture, in viewof the ability to

di ssol ve the heavy hydrocarbon scale to be cl eaned. Oxygen-contai ni ng pol ar
organi ¢ conp@hyl grrdsernr dfrareaiiorsatdisasterade thatpeumd xseimctofd af rom t he
group conprising aromati c ketones, aliphatic ketones, and carbonic acid
esters pelr®leum-de0ozdhydmeudred B ke fotdges reprg@dadalg todad a (1)
whi ch pronotes dissolution and dispersion of oil foulant in

pet r ol e RGP apMBAIBE & bloh exXtrRNeHH (ﬁfﬁ@%ﬁ%eﬂl} wwvulmsre hgiavy
petrol eum derived hydrocarbon A R i-C R2l] yt1)h[W‘1ere|n R1 and R2

ea(t:)h reﬁ’rYéjér@r?lt k%?ﬂan e slat re‘bllcf"r]tﬂﬁ anﬁqﬁt?rfalécédea‘fk RRFReNH nc: Ed: ng
ngﬁgég%re quy %ﬁﬁ%é???ﬂj Q gro%ﬁﬁygﬁpc u |3g5$uﬁst|tué§%§fengoige
?I ncloudl ng sqﬂbst{pst ut %&%}ﬁ)%&q@é}cﬁ Q‘#l%ts [}gmﬁ]t ut eég:ér oups

repr eseisy l1d&p8lg cg‘tﬁlﬁ; niPt SSEdecthd ramsl ﬂgaq{j[,{aq e tHyqg branched chain
al kyl groups, aIkerne groups, al'koxXy groups, hydroxyl groups, phenoxy
groups and phamty diydfcdrbon scale adhered to tubes or the like

inside equipment such as a shell and tube heat exchanger

consists of a highly viscous 01l component and sludge

(particulate components) like iron sulfide and so on. The

scale affixes to the surface of the tube due to the adhesive

strength of the oil component.

The petroleum-derived hydrocarbon A which is one of the
active components of the present invention’s organic cleaning
solvent functions to dissolve the highly wviscous olil foulant
in the scale. The oxygen-containing polar organic compound B
which is the other active component of the present invention's
organic cleaning solvent serves to facilitate the penetration
of petroleum-derived hydrocarbon A into the scale.

Due to the cooperative function of components A and B,

the oil component not only on the surface of the scale, but

also inside the scale, is dissolved and dispersed in the



Speci fic exanples of the carbonic acid ester include nethyl

a- net hyoxyi sobutyrate, nethyl (3-nethyoxy isobutyrate (hereinafterﬂgm_:“[m2
abbreviated as MBM, nethyl a-hydroxyi sobutyrate, ethyl

a- hydr oxyi sobut yrat e, 3-nethyl - 3-met hoxybutyl acetate, 3-nethoxybutyl
acetate, ethyleneglycol nonoacetate, efhyleneglycol diacetate,

et hyl enegl ycol nononet hyl ether acetat'e, ethyleneglycol nonoethyl ether
acet ate, ethyleneglycol nonopropyl ether acetate, 0 9 DE C 2002 13

et hyl enef 9amic pkrnriyd eheentckt dihe draigd ey disnrerithcdior ©f
propyl enegl ycol di acetate, grgghéfnegl col rnmononet hyl et her_ acet at e,
t

propyl enedf RIFSR hylngemkton LIRS RAEIRY v Grorfoit iy ITh& her

acet ate,, propyl enegl ycol noput vl et her, acet at-e, , di hr.opyl enegl I
mnoacettéf%l}f%i‘ﬁ?%%?‘?{%n%%?ng ofs aéll'éacréqea‘fet,o dt it &%gt?@%“bfa%ﬁ%%&ﬁﬁ/l

et her achf§§ ej}lipropyleneglycol nonoet hyl ether acetate, dipropyleneglycol
nonobut yl e %r acetate, propyl enegl ycol nononethyl ether propeonate,

di et hyl enegl v no, y. t t | et eheg hyl
et her acet at _e'f,;}?éélrl1 bt%@g#?%o@%%u%ﬁ%ﬁ%rﬂ?cet at e%/%e% téﬁg%é
3- et hoxyph OPL OTEY Sparei &Yl afs &l PFHE AR E a S dY | tH@ @ o HUH V!

| actate, dinethyl ‘'succinate, dinmethyl glutarate, dinethyl adipate, isobutyl
f or mat e, pdett Yéh@tgd @t €0 £t ylid@rept @i Batetnt tdhrenZantiss Pembidte | i ke.

Exanpl es of applicable aliphatic ketones include acetone,
easily from the surface of the equipment.

Even if the oxygen-containing polar organic compound B is
returned to the raw material being processed, and become mixed
in and treated as a raw material, they have no undesirable
effect on the petroleum refining plant’'s processes, such as,
for example, by effecting a catalyst or the like. The
petroleum-derived hydrocarbon A also does not present a
problem since it 1s supplied from inside the petroleum
refining facility.

Accordingly, an organic cleaning solvent comprising
petroleum-derived hydrocarbon A and oxygen-containing polar
organic compound B does not requlre a separate process to
treat the used cleaning solvent. Rather, the organic cleaning
solvent can be processed by feeding it back into the refining
facility. As a result, costs associated with treating the
used cleaning solvent are not incurred. Moreover, since
petroleum-derived hydrocarbon A can be recovered from the
mixture, environmental contamination is not a concern.

Further, it 1s even more preferable to provide a step for
forming a circulating line prior to the dissolving/dispersing
step by connecting the means which supplies and circulates the

cleaning solvent to the equipment to be cleaned. By carrying



met hyl ethyl ketone, nethyl propyl ketone, isopropyl nethyl ketone,

i sobutyl methyl keton, pinacolone, diethyl ketone, diisopropyl ketone,

met hyl n-anyl ketone, nethyl iso-anyl ketone, cycl ohexanone, andggqﬁdjm$a
Exanpl es of applicable aromatic ketones incl nd~ acetophenone,

propi ophenone, butyl phenone, val erophggone, benzophenone and the Iike.
These conpounds may be use al one or in conbinations of two or nore. 09D
E C 2002 14 MBM and acet ophenone are optimal from anong these due to their

hi gh efdh€agyrén1 st $8§! ¥188nihg Ohlacerpsacsysoémt e tlohd emariven) ditgly, it
is preferable to use these alone or as a mxture. The AAB mxing ratio for
pet r ol edis slel vied/ &y dpeecalhgnsfepnandxylge neenoval nbygpeel tmg os Yemi can
conpound B is preferably in the range of 100:1-2:3, and even nore

pr ef er abeycanobed-qut. avhthet hemprbpoeti on of petrol eum derived hydrocarbon

A exceeds the above-cited range, petrol eumderived hgdrocarbon A penetrates
t he heavy hyRpBERgbbhesdhfeokBLRISALGPGTS LRIt HEEPt ARASERE TPRORESRY ved at
a slower rate. Accordjn

L I S A
polar OLGaLS SRPOUNd:Recyepds, eyl onopal! anedsocbag, cLicoarelpl of
prOport%§918E §fy9ﬁ8‘E§8tébﬁgBﬂeRgéain°£ﬂé”b£%§REB°Hanﬁ&h§ %ﬁi&%ﬁ%h's
range, e SCal e canno bé renoved. organic s vents other~than

OXyge”'@RQtékghﬂﬂcpehéﬁn?BBaEBiv&HEDBEPQuf%E@¥ vetRddeené Oedhifpment

af orenenti oned organic cleaning solvent cited above. In the case where

ot her feﬂlanfik@daﬂﬂhéhenvbQOEMe¥heayythadreﬁarbealécaiedgé whesenis then
this organic solvent is preferably able to dissolve and di sperse such

foul ant inSpkei foemexsdnpl eslatl pagahculaveveat semoceddéromr thessetf@es such
as propyl ether, phenyl ethyl ether, phenyl ether, benzyl ether,
et hyl enefl ybel edihpmhpitebiietheppbpsieabgf9roe of the liquid, and

conveyed outside the equipment. Thus, the time required for
cleaning 1s significantly reduced.

The structure of the present invention will now be
explained in detail.

The organic cleaning solvent employed in the present
invention is a mixture comprising of a petroleum-derived
hydrocarbon A, which dissolves the oil foulant in a heavy
hydrocarbon scale, and an oxygen-containing polar organic
compound, which promotes the dissolution and dispersion of the
scale in petroleum-derived hydrocarbon A as active components.

Compounds applicable as petroleum-derived hydrocarbon A
are not particularly restricted, provided that the compound
employed 1s a hydrocarbon which dissolves the oil foulant in a
heavy hydrocarbon scale, with examples ranging from low
boiling point compounds like gasoline and naptha to high
boiling point compounds like fuel oil. Of these, the raw
material, intermediate product, or final product of a device

processing petroleum-derived hydrocarbons as a raw material is



0 9 DE C 2002 15 dinmethyl ether, and propyl enegl ycol diethyl ether;

al cohol s such as propanol, butanol, octhanol, 3-nethoxybutanol,

3met hyl - 3- net hoxyl but anol, and propyl enegl ycol ; and gl ycol ethers GLi8hC 281
propyl enegl ycol nononet hyl ether, dipropyleneglycol nononethyl ether,

et hyl enegl ycol nonobenzyl ether, diethyl eneglycol nonobenzyl ether,

propyl enegl ycol nonobenzyl et her, dipﬂgpyleneglycol nonobenzyl ether, and
the like. The cl eaning nethod of the present invention will now be

expl ai nedeshraelai fromi tet pergpet eive dof ndagie nefhitlsandkeirepfand n the first
enbodi nent, cleaning is carried out through: (1) a dissolving/dispersing
step, (23cquishbian.byApeenpoygndtebtaimeld (I3y mzefindimg errierokleseiigh
treatment step. Enbodinment 1 (1) Dissolving/dispersing step The first step
i s a di ssakvanpoilispgr pohgtsoLp200°Gvurc higyhaire aaxdhdrsecé tld guid @qui pnent i s
renmoved by dissolving. First, operations in the petroleumrefining plant

are suspgpdeflargnteinperieatecxshpp@eervea ot her pi ece of equi pment ,
i ncorporated in the atnospheric distillation, vacuumdistillation, fluid

catal yti c crasgecibficabkyngavailabsei sohpdends romelide ptlantreysdwead The
af orenenti oned organi c cleaning solvent is supplied inside the tubes or
bet ween ohd afiber ahumoshbeshel| Aistilhatbomi pment péeralewh eeeehing punp or
the like is enplgxed to circulate the organic cleaning solvent, so that

good confa¥ices a%lléveas beAIM/eéﬁem‘éeI@c@ﬂs e“hLG?" cherElentten) 1@%&3&1 fﬂem
o B an LA el oSO
Lhe or 92045 CERBLAR 30l VeRL: ARCRLLRLES, N RUROLL "o fFqn Pl T MLt 1 no

period O%ﬁé{:ﬁ%ggf PLof*d"PhEudl BRULS1 L+ PoA QLY t BIDRE AYife (¢PL) by one

of these
(denoted as “"LCO" hereinafter):; as well as compound monomers

included in the preceding such as paraffin-derived
hydrocarbons like heptane, octane, nonane, decane, undecane,
dodecane, tridecane, tetradecane, and pentadecane;
decahydroalkylnaphthalenes like decahydronaphthalene,
decahydromethylnaphthalene, decahydrotrimethylnaphthalene,
decahydroethylnaphthalene, decahydrodiethylnaphthalene,
decahydro-n-propylnaphthalene, and decahydro-iso-
propylnaphthalene; non-aromatic cyclic hydrocarbons like
butylmethylcyclohexane, methylpentylcyclohexane,
heptylcyclohexane, methylcyclohexane, diethylcyclohexane,
butylcyclohexane, and ethylpropylhexane; aromatic hydrocarbons
like toulene, xylene, and tetralin; and ligroin and limonene.

These may be employed alone or in a mixture, in view of
the ability to dissolve the heavy hydrocarbon scale to be
cleaned.

Oxygen-containing polar organic compound B is preferably
at least one compound selected from the group comprising

aromatic ketones, aliphatic ketones, and carbonic acid esters



al nost all of the oil conponent in the heavy hydrocarbon scal e adhered on

t he equi pnment surface can be dissolved and di spersed in the orgaghﬁ

cl eani ng solvent. Any scal e not dissolved and di spersed which re Ik 2002
sludge is changed to a solid particulate matter which can easily be peel ed
off fromthe surface . (2) Renoval by feeling The second step is a renova
by peeling step in which the sludge i% physically renoved. This step

enpl oys g <Rloe | @rRNifg IsRtined deyireal eyriged. (Enowhaemng these, jet
cleaning is optimally enpl oyed because renoval of the sludge is easily
acconpl ifetbtas alidHylutien eadofdilsipdrsiBacase inemevakanky ipeel i ng proceeds
via the dissolving/dispersing step descri bed above, the energy required for
cl eani ngédtsradensi dermabled heduroed it Bhendpehdchod si swtaadilgd solttbliader | ow
pressure conditions as conpared to a cl eaning nethod enpl oyi ng conventi onal
mechani ¢ull the | pedifi Plge ushi der ivede iysirocsinhoa the sl udge can be renoved in a
short period of tine, the risk and cost of the operation can be reduced.

(3) Mxing and processing 09 DEC?~p~ mThe third step is a mxing
and processing step in which the used organic cl eani ng solvent, which
contains heavy oil fromthe scale_which was dissol ved and di spersed in the
di ssol vi ng/ di spersing dtep— (s retirhed to and nixed with the raw naterial .
Thi s used cl eani ng sol vent cq be m xed with the raw material inside the
petroleumrefining unit. Further, this m xture can be processed in igﬁ

pl ant by the usual distillatin unit. Thus, no special process- s G ired
to treat the used cl eaning solvent, so that additional costs are not
incurred and there is no risk of environnental pollution. Wile the series
of steps for cleaning in the first enbodi nent can be carried out at the

t enper atWreendiirch RIS driqgiRY dadvin ddpreaseint piep @irolupofsetllee texkg&mon cl eani ng
sol vent, the higher the tenperature of the first step of

di ssol viamgndi spler&d raglkheymmips r(dpialludinge suibls tdamtedeatlkyfl ghroupsal.e can
be di ssolved, so that the tinme required for the cleaning process can be

r educed.aliisl engned T Qs elridtaiug ingrisubisdrl trte dp iad kard enies gaodipSar.y
tenperature, preferably 20C. _The upper tenperature limt for the process is
300C, prafetsh IroHrT, (i udiay fs ttertads Bkoxy0 € X oAPSenper at ur es above

dependi oS EHETTY 8 O B GRS T o S aNes SASESEaEdgl y.
this is JHH ﬁﬁgﬂffﬂﬁf%&ﬁ%i@idgﬁﬁd¥E§3§ﬁﬂ¥¥¥¥erd phenyl groups).

Each of the substituted groups represents at least one
group selected from 1-4C straight or branched chain alkyl
groups, alkylene groups, alkoxy groups, hydroxyl groups,
phenoxy groups and phenyl groups.]

Specific examples of the carbonic acld ester include
methyl a-methyoxyilsobutyrate, methyl f-methyoxy isobutyrate
(hereinafter, abbreviated as MBM),

methyl a-hydroxyisobutyrate, ethyl a-hydroxyisobutyrate,

3-methyl-3-methoxybutyl acetate, 3-methoxybutyl acetate,
ethyleneglycol monoacetate, ethyleneglycol diacetate,
ethyleneglycol monomethyl ether acetate,

ethyleneglycol monoethyl ether acetate,

ethyleneglycol monopropyl ether acetate,



In the cleaning nmethod according to the first enbodi nent, a

di ssol ving/ di spersing step is carried out using the aforenentioned,qQrganic
cl eani ng sol vent, and sludge is renoved 09 DEC2002i8in theggéﬂgb

by peeling step. Wien the dissolving/dispersing step is carried out at
ordinary tenperature, the cleaning prggess can be acconplished in an
extrenely short tinme. As a result, operational costs and risks are
reduced as conpared to a conventional cheni cal cl eani ng met hod. The
tenperature for the dissolving/dispersing step may be optimally selected in

vi ew of opgr teﬁ{éadp eset SnFHUh Y r%'ﬂheltf RftQi el he process. The second

enbodlnent 0 I nvention w now be ‘expl ained in detail. The

met hod f orpcd ANty 18R 1P HRIHo 4 M4SN IR eMEd 19D @ avedlat el s adher ed
S carrleéjout via (I) acirculating line assenbling step, (2) a

di ssol vi ngéxh sIpRdrfe J1gy s 1e aivhet HyaMatde baded@iteng step, and (3) a m xing
and processing step. (Enbodinent 2) (1) Crculating |ine assenbling step

The first mtagyleheylserdll ietthyd @thead adertgatlei,ne is a preparatory step
carried out after isolating the equipnment to be cleaned fromthe process
line by i mmepyigneglyded miquonyragingdthed @eert@te. in which the remaining
fluid in the equipnment is drained out, and an organi c cl eani ng sol vent
circul ati mfF %Pgﬁxﬁﬁ#|@9QRﬂﬂﬁﬁﬁeﬁ$hﬁ¥tﬁﬁ?@ﬁﬁﬁ:pnent to assenble a

circulating |line for the aorganic cleanln%lsolvent It is preferable that
this ci r ol sRAGRYIeRRE el dHoReas ipropylenegiycol’ diacetate,

dipropyleneglycol monomethyl ether acetate,
dipropyleneglycol monoethyl ether acetate,
dipropyleneglycol monobutyl ether acetate,

propyleneglycol monomethyl ether propeonate,
diethyleneglycol monomethyl ether acetate,

diethyleneglycol monoethyl ether acetate,

diethyleneglycol monobutyl ether acetate,

ethyl 3-ethoxypropionate, methyl 3-methoxypropionate, ethyl
lactate, butyl lactate, dimethyl succlnate, dimethyl
glutarate, dimethyl adipate, isobutyl formate, butyl acetate,
ethyl propionate, ethyl benzoate, and the like.

Examples of applicable aliphatic ketones include acetone,
methyl ethyl ketone, methyl propyl ketone, isopropyl methyl
ketone, isobutyl methyl keton, pinacolone, diethyl ketone,
diisopropyl ketone, methyl n-amyl ketone,
methyl iso-amyl ketone, cyclohexanone, and the like.

Examples of applicable aromatic ketones include
acetophenone, propiophenone, butylphenone, valerophenone,
benzophenone and the like.

These compounds may be use alone or in combinations of

two or more.



0 9 DEC 2002 19 FIG 1 shows an exanple of the process line (feed oil flow)
at the bottomof a vacuumdistillation tower in the petroleumrefinin
plant. In the figure, nunmeral 1 indicates a heat exchanger. Heat e@@h@ﬂbgmz
1 is connected to a heating furnace 8 and a vacuumdistillation tower 9.
The solid-line arrow indicates the orjinary direction of flow of the
process line. Al though only one heat Qchanger 1is showmn in the figure, a
plurality of heat exchangers 1 nay be disposed in parallel or series in a

typical oi | gy nidy Md¥phelift af Ylinal FHrdifaimdie haaeer sub 268

di sposed in parallel, the piping before and after the heat exchanger to be

cl eaned ﬁl?élizb%ﬁmséﬁtﬁafc%]old Dl ARGy e o vrgnehtodft kBepr ocess
line. Wien a plurality of heat exchangers 1 are disposed in series, a

bypass Isd®lé s menortechdby, det dy ipe fidmbileatt excdeantgmset albaechbeaned,
after which the heat exchanger is isolated fromthe process |ine by closing
of f the indxiguibef ore and after as in the case of heat exchangers provided
in parallel. The inside of heat exchanger 1 is divided into tube and shel
menbers (not Biovwk)B mixindaratgio faminstralehes derdvad ydgocasibea fhe
shel | . Heat exchange is carried out by flushing different fluids_inside the
t ube and®RsPEEISHECHHA NIRRT t‘?fggac%)c.o"mc(‘indl B HenwdTed 8 abddi dual

oil after atnospheric distil]Jation is. supplied into the tube fromtube

Supply. cHEni e o 1 EA thi* B 145t {4 MetReh IRRARE LA | ot L on passes
t hr ough %@i_iyfgl and i s di scharged out through tube discharge opening 5.
The resi 17of1 " after atnospheric 0 9 DE C 2002 20 distillation then

passes " oy QS % IUEIRER o e LRIAHICRIESTIP MRS | at 1 on

tower 9, and 1S separ el ng into vari ous conponents.

Resi dualesddedd t Erie BRIt &q Maridd | 3d b Idubacacea diyeiriddazibioan at ower
9 (vacuumresidual oil) is supplied fromshell supply opening 2 on the

shel | sipknetraesd thetosgey Hydddbsirboac Woale sichelslpwlynasseshiahr ough t he
shell, and is discharged fromshell discharge opening 3.
the scale is dissolved at a slower rate. Accordingly, this is
inconvenient since the time required to clean the equipment is
extended.

When the proportion of oxygen-containing polar organic
compound B exceeds the aforementioned range, the amount of
scale removed is reduced and higher costs are incurred.
Moreover, when the proportion of oxygen-containing polar
organic compound B 1s below this range, the scale cannot be
removed.

Organic solvents other than oxygen-containing polar
organic compound B may be added to the aforementioned organic
cleaning solvent cited above. 1In the case where other foulant
in addition to the heavy hydrocarbon scale is present, then
this organic solvent is preferably able to dissolve and
disperse such foulant.

Specific examples of organic solvents include various

ethers such as propyl ether, phenyl ethyl ether, phenyl ether,

benzyl ether, ethyleneglycol dimethylether, propyleneglycol



When executing the present invention in a heat exchanger 1 of this type,
heat exchanger 1 is first isolated fromthe process |line. For exaq@§§ 3@2
shown by the dashed arrow in FIG 1, valves 11 and 13 are closed t §B

t he piping before and after heat exchanger 1, i.e., to bypass supply
openi ng 4 and exhaust opening 5 on th%étube si de of heat exchanger 1, and
val ves 12 and 14 are closed to bypass supply opening 2 and exhaust opening
S on theasiethy #i denek Neal Y6hoNGsEglycdt @iéeryl tethde; hentorurhanger 1
which is to be cleaned is 1solated fromthe process |ine. The remaining
fluid i nshér abepegpPhRBENt bitaflbdl NedtRatoBf t BFmétiRoRgBtit&xehangier 1 to be
cleaned is isolated fromthe process |ine. Next, a cleaning solvent

ci rcul atmeghglpptyetrarglblisanobnean@dptopyhenadbyeoknt amdegllycel pnent, to
forma circulating line. Because cleaning can be carried out by isolating
t he equi phbarstsubb abepnepylenegiviecbroeremetiyyli abhend assenbling a
circulating line in this way, it is not necessary to suspend the oi

refi ni ngdppeepsienegeycrbrepheretiybneherg 9 D E C 2002 21 plurality of
heat exchangers 1_are_provided, cleaning can be carried out by isolating
each devPEBYBﬁBeS%YSOFiW@nPPSHFYﬁeeﬁP%Eess line. Thus, this does not have a

I f | apt ti . i I i b il

car t eq uetnyheRedTecPichPhoRSRayiethed oo i S Toducad as comared to

conventiﬁgsbxggggﬁg§g%ﬂ HQBSBeBP§1p§9ﬁ§§S line had to be stopped for a |ong
) en

period o ganrng so Crrtul ating supply neans has at | east
a filteras5eabe1sRdLAvabLA! mBlabafify1 Cotrekalang eHEPLIRE. Circul ating the
organi ¢ cleanftnhg sofvent inside the equi pnent and a cleani ng sol vent tank
for supplyi ngrhbecatanengnintened 6f JeRéCpsésant NOneehyesh , wBDI héw pseVi ded
wi th val ves and piping for connecting to the heat exchanger, etc. FIG 2
shows aneggaaphedolinadetadll asing twoepmnbfehred émbodbmertsi tigeteof. pi ece
of equi pnent to be cl eaned when that equipnment is not provided with a
connecting nenber for connecting to the cleaning circulating supply neans.
Note, however, that the circulating line is not limted thereto. The
cl eani ng sol véRt ther E4rati aAgbediment neaheaningdalei caurded ngupubipraagh or
circulating the, aforenentioned organic cleaning solvent; a cleaning solvent
tank 33 fé? QuPDFFPAYLRALdLFRERFENE| BERP ng (4| FeREMO%Ad BY PeeHRY sol vent
punp 32 for_supplyi the.organic.cl eani ng,sol vent, The c|eani ng sol vent
circuIatFﬁap$ugggy(ﬁgaﬁsmﬁ§iggoepge9rﬂf?ﬁgﬁP%iﬁﬁeegﬂﬁﬁgtfgﬁg'on t he tube
and shell sides thereof, and valves 21-28 for adjusting the direction of
fl ow of the organic cleaning solvent inside the various piping. A
sedi ment enMgo@0heAB® 30 is al so provided. The organic cl eani ng sol vent that
has passed t hrough heat exchanger 1 flows into sedinenting colum 30, and
(1) Dissolving/dispersing step

The first step is a dissolving/dispersing step in which
scale adhered to the equipment is removed by dissolving.

First, operations in the petroleum refining plant are
suspended, and the heat exchanger or other piece of equipment
incorporated in the atmospheric distillation, vacuum
distillation, fluid catalytic cracker or coking unit is
isolated from the plant system. The aforementioned organic
cleaning solvent is supplied inside the tubes or between the
tubes and the shell of the equipment being cleaned. A pump oOr
the like is employed to circulate the organic cleaning

solvent, so that good contact 1s achieved between the scale



0 9 DE C 2002 22 the peeled off scale in the organic cleaning sol vent
sedi nents therein. The piping of the cleaning solvent circul ating ﬁﬁ I%wp
nmeans i s connected to a tube supply opening 4, tube di scharge open gﬁﬁ,--
shel | supply opening 2, and shell exhaust opening 3 of heat exchanger 1, as
shown in FIG 2. Four |oops through which the organic cleaning sol vent
flows are formed in the circulating lilee shown in FIG 2. The | oops can be

Ciroul at 1916 AR e TRetthd Rt Suo T BT oy Ty
The or occetidhddi SFEURHENT SRR et ot BEREdt © 11

t he process rom suppl'y’ openi ng

di scharg ' Thi i r |§H%k' f.or [ s 23, 27,
and 28, Z:n ﬁgo%?salﬁ&%%%é%t%? va véeéé.irghfgé;e%%g iooépﬁ]és{ﬂf%f

circul atigyn RPN £n ¢! £ DS By BUpd iy ghetdhe shell side of heat

exchanger 1 in~a direction opposite the usual direction of flow of the

process fl uid By MdEntfdDeEs$ ddriitadt . twddontisdhaidaxi salmrge o 3 to
shel | supply opening 2). The second |oop is forned by opening val ves 21,

27, and 28leamithg|sxsivental footdespaal fidgs . peitieod hoff cdednsop ficsr fexanpecUltat i ng
organi ¢ cl eaning solvent through the tube side of heat exchanger 1 in the

same di r efdued 26 dreinstpl téhpeedthre of2d9QwWiRf one offr @tese Hethddish) t he
process line (i.e., fromtube supply opening 4 to tube di scharge opening

5). almost all of the oil component in the heavy hydrocarbon scale
adhered on the equipment surface can be dissolved and
dispersed in the organic cleaning solvent. Any scale not
dissolved and dispersed which remains as sludge is changed to
a solid particulate matter which can easily be peeled off from
the surface.

(2) Removal by peeling

The second step is a removal by peeling step in which the
sludge is physically removed.

This step employs a mechanical cleaning method typically
used. From among these, Jet cleaning is optimally employed
because removal of the sludge is easily accomplished in a
short period of time.

Because removal by peeling proceeds via the
dissolving/dispersing step described above, the energy
required for cleaning is considerably reduced and the
operation is carried out under low pressure conditions as
compared to a cleaning method employing conventional
mechanical cleaning only. Moreover, since the sludge can be
removed in a short period of time, the risk and cost of the
operation can be reduced.

(3) Mixing and processing



0 9 DE C 2002 23 The third loop is fornmed by opening val ves 22, 26, and
28, and closing all other valves. The fourth loop is for circulatin

organi ¢ cl eaning solvent through the tube side of heat exchanger 1 ﬁﬁﬂiﬂzmz
direction opposite the usual direction of flow of the process fluid in the
process line (i.e., fromtube dischar%e opening 5 to tube supply opening
4). The fourth loop is forned by openiﬂg val ves 21, 26, and 24, and cl osing
all the other valves. Thus, by selecting each of the | oops formed in this
way, and circohat ithgrd stepl tsoh adgangcanlieprbngssbhgestephdaughithe
respective loops, it is possible to clean the inside of the shell and tube
menber s ithehasedexegander cleaaioigr sollaentg Whhaehcanntsadnbkyhbeviyorddd by
connecting such a cleaning solvent circulating supply nmeans, enabling

cl eani ng from fhehscedgamhd chl wasi ddssolvedt gndi dagpabsed. 1Al Ehe3 shows an

exanpl e of the formation of a circulating line to an arrangenent in which a
connect i Ag-SHEA1eg/dlspgEsing step, 1s returned to and mixed with the

raw material.

This used cleaning solvent can be mixed with the raw
material inside the petroleum refining unit. Further, this
mixture can be processed in the plant by the usual
distillation unit. Thus, no special process is required to
treat the used cleaning solvent, so that additional costs are
not incurred and there i1s no risk of environmental pollution.

While the series of steps for cleaning in the first
embodiment can be carried out at the temperature which is
higher than the melting point of the organic cleaning solvent,
the higher the temperature of the first step of
dissolving/dispersing, the more rapidly the oil component of
the scale can be dissolved, so that the time required for the
cleaning process can be reduced.

The lower temperature limit for the process is ordinary

temperature, preferably 20°C. The upper temperature limit for
the process is 300°C, preferably 260°C, and even more

preferably 200°C. At temperatures above 300°C, the components

of the organic cleaning solvent may break down depending on
the type of organic cleaning solvent employed. Accordingly,
this is not desirable as it may pose a danger.

In the cleaning method according to the first embodiment,
a dissolving/dispersing step is carried out using the

aforementioned organic cleaning solvent, and sludge 1s removed



cl eani ng sol vent has been provided in advance to heat exchanger 1. By
provi ding the equi pnent to be cleaned with a connecting nenber for t
cl eani ng solvent in advance, the tinme required for the connecting o AEC 3602
can be reduced. Nanmely, the equipnent to be cleaned can be easily isolated
fromthe process line, and the circulating line readily fornmed. Thus, the
time for the process can be greatly réﬂhced, and the operational tinme even
further shortened. In the case where a connecting nozzle for the cleaning
solvent is grOV|ded %3 ghe eggi ment in this maé, a valve for 09 DEC
2002 24 At éPPupEMAY2th YpPS 489 S4PR-i sWBPBvEhEd to the pi pi ng which
supplies ces qu to the _equi Bra | I's provided
closer t8 Fﬁ&Rggaﬁé ﬁpe§?&8gtﬁ§ﬁpt%§ §3F6gedtﬂg bft n8ﬁggnB?§|ng provi ded
wth a f'%R%SrF%hr%O”Qﬁ%t ﬁ%ahﬁn ﬁr %@B'EQnSBEVEBEo&h&EFhé&'EH épr'y
valve tdr

means an5 arg ng or e organi c
cl eani nge%&\éﬁ.etlgoéh\s%vatn@r Iﬁ%ear PRELAY t'EﬁepE)BEEﬁ%iBhHh.dcbéthQthed in

t he sane manner t'he pi ping for discharging the equi pment's process

fluid. Braaghedrpi Rle@tced a@oubﬁgarea tbeacaBhPBRBLofhIEchandchs provi ded
with a flange for connecting to the cleaning solvent circulating supply

means anglaavahgemeahosuppl yi ng, discharging or stopping the organic
cl eaning solvent. In the case of heat exchanger 1 shown in FIG 3; valves
The temperature for the dissolving/dispersing step may be
optimally selected in view of operational costs and overall
time for the process.
The second embodiment of the present invention will now
be explained in detail.
The method for cleaning equipment to which heavy
hydrocarbon scale is adhered 1s carried out via (1) a
circulating line assembling step, (2) a dissolving/dispersing

step and a removal by peeling step, and (3) a mixing and

processing step.

(Embodiment 2)
(1) Circulating line assembling step

The first step of assembling a circulating line i1s a
preparatory step carried out after isolating the equipment to
be cleaned from the process line by interrupting the piping
connected thereto, in which the remaining fluid in the
equipment is drained out, and an organic cleaning solvent
circulating supply means is connected to the equipment to
assemble a circulating line for the organic cleaning solvent.
It is preferable that this circulating line be a closed

system.



41, 42, 43, and 44 are provided to the process line piping which Iinks
shel |l supply opening 2, shell discharge opening 3, tube supply opening 4,
and tube di scharge opening 5, respectively. Branched piping 34, SSﬂEBgECamp
37, which are equipped with a valve and flange for connecting to the

cl eaning solvent circulating supply ng ns, are provided to a part of the

pi ping that is closer to heat exchang 1 than val ves 41, 42, 43, and 44.
When connecting a cl eaning solvent circulating supply neans to a device
havi ng this kFmd.ofl phpwegast exampie, of hehé| pngessoflimantheedpopl ng 34,

35, 36, and 37 can be opened and the piping of the cleaning sol vent

ci rcul at Eagw3uppl $heehas tant aEhadvateust @isThilat bomet tower ihetlapeni ng of
branched piping 34, 35, 36, and 37 is preferably 40~ or nore of that of the
openi ng pftrogegmprefinog2pkanthe piprthg fbguree pumeral i| imdlcates

di aneter of piping which is typically enployed in a process line is on the
order of 2a1bepfcREshanggs. aHgphngrehapgey InthesoRpegiedttp adneprbirgerably
in the range of 4~8 inches is desi e for the diameter of branched piping
5, '35, 36%8a6ea8. Anflosr FasraBeRisbELRELER hilFer of barihy SObLETELRG badi iy
adjusted_in_a piRLNg.havi i er.i i n By.c i ves 41,
32 35" aniad, “hPYsgEr ke P AR Pha gt Db SETBEey ¥ CLBE BRI BT,

forma chgggd |ine for cleaning. By opening valves 41, 42, 43, and 44, heat
exchanger can be returned to the process line. An arrangenent in which a

plurality of Reaho@Y¥RhanE9 8nd HautnNExéhhsgb¥PE D6 SRHWECIANEnEOZZI €s are
aligned in parallel or series, can be isolated fromthe process |line by the

openi ng @higakresi Agpohryalvgsodshdatcekbpangdbpyel falytberaisposedi om of a
circulating line can be carried out~snoothly by connecting the cl eaning
sol vent parailllali og sappky fraastppibainchedrefpningg3gladd, 36 and 37, and
the time required for renoving scale can be greatly reduced. (2)

Di ssol vi ng/ di BpensanplurgpltRenfvheabyepekanggrst kpare dhepgeedntn st ep,

after fornin& a_circulating line inside the equi pnent, organic cleaning the
ci rcul at PAgaLiLRd - f £Bf PRRLEPcRAfATesaRYl §LReENENC thedt s3BFRanNgsE &P sherse

T R Rk R OF S L e A0t Aeh B eouor .
coLvent tResHBBLRES, 1958 VRAR,Ch' YRRy BE fihs ! BYbaRhgbly Iceile
disposed in series, a bypass line is provided for detouring
the heat exchanger to be cleaned, after which the heat
exchanger is isolated from the process line by closing off the
piping before and after as in the case of heat exchangers
provided in parallel.

The 1nside of heat exchanger 1 is divided into tube and
shell members (not shown). A number of metallic tubes are
aligned inside the shell. Heat exchange 1s carried out by
flushing different fluids inside the tube and inside the shell
(outside the tube).

FIG. 1 shows that resldual oil after atmospheric
distillation is supplied into the tube from tube supply
opening 4. This residual oil after atmospheric distillation
passes through the tube, and is discharged out through tube

discharge opening 5. The residual oil after atmospheric



0 9 DE C 2002 26 This step is perfornmed after formng a circulating |ine
as showmn in FIGS. 2 and 3, by using a circulating punp 31 to circg#g f t he
organic cleaning solvent in the circulating line. The |inear velo b {\3e0a
supplying and circul ating the organic cleaning solvent into the equi pnent
is preferably 60% or nore of the Iinegh velocity of the process fluid
(actual val ue neasured= -0.2 msec), d nore preferably above the usual

| i near velocity of the process fluid. When the linear velocity for

ci rcul at iddg tild adriganither] eassesy $hiroagh heatdag thvamag@dBof itshe process
fluid s linear velocity, it is difficult to peel the sludge adhered inside
t he equi pidmedugedy indqy Macuiie ddisdddilgd lonnEowern fsufmideilentsepprated
tenperature faor supplying and circulating the organic _cleaning saolvent is
not part iPFuLEANg [GlFtidd.edh AU FRTIRES COMPS e t ResHudingidoi nt of

t he organi ¢ cl eani ng.solvent.. cificall the lower, Limt for the

t enper at GE&&Ts a&t“lﬂ’isg’é‘ref it‘:'e;}ld'esr 1og, gf'.éﬁnamayu?@c,digﬁ:&%% tower
preferably 50C. The u rolimt o i,s 300C. .preferabl 0C.._and even .nore
pref er abl% (é'(%’&u"\/\ﬁ§ﬁ%t%lt eo:‘ﬂ)le)r AturEPPHISS °§b§¥‘ e SEPRAY; OPENIRS ng
sol vent tends a f il ' i SS [ t oi nent
of the stczal%gl, t\t}\}% %Z‘?é%nlensqt g%?z?n%gftatelﬁ%% eir}nqéxcglsh\s'llsg%aggagla I{et?g'(r&erﬁ%ﬁ's

ri sk thaty ihhe f@anith AN ItHe SHMANt AHRY 16" AlschdeRpdicnGrPkHq type,
enpl oyed. By switching the direction of circulation of the organi c Meaning
sol vent igisidiaridee op@nipigerg. to be the sane or 0 9 DE C 2002 27 opposite
the direction of flow of the process fluid, it is possible to inprove the
cl eani ng ef f edthenSwixtechi tigh g ft Heh @ rfels@n tdiingenitdionc dm lae heeado epdchsnee by

swi tching valves on the circulating |line as descri bed above. The
ci rcul at iln@fduhdts diyres dreathexohdagest 10153 fiiawts solatedt faorhdiger .

process line.

For example, as shown by the dashed arrow in FIG. 1,
valves 11 and 13 are closed to bypass the piping before and
after heat exchanger 1, i.e., to bypass supply opening 4 and
exhaust opening 5 on the tube side of heat exchanger 1, and
valves 12 and 14 are closed to bypass supply opening 2 and
exhaust opening 3 on the shell side of heat exchanger 1. As a
result, the heat exchanger 1 which is to be cleaned is
isolated from the process line.

The remaining fluid inside the equipment is drained out
after the heat exchanger 1 to be cleaned is isolated from the
process line.

Next, a cleaning solvent circulating supply means 1lis
connected to the aforementioned equipment, to form a
circulating line.

Because cleaning can be carried out by isolating the
equipment to be cleaned from the processing line and
assembling a circulating line in this way, it is not necessary

to suspend the o1l refining process line. Moreover, when a



In the second step of dissolving/dispersing and renoval by peeling, the oi
conponent of the scale is dissolved by the organic cleaning solveny qng:mmﬁ
sl udge is peeled away and m xed into the organic cleaning solvent. Since
the main conmponent of this scale is iron sulfide) it has a high specific
gravity. Sludge having a | arge partic?z "size sedinents in the sedinenting
tank of the circulating line. It is prfeferable to provide a filter near the
exit of the sedinenting tank for this reason. Provision of a filter ensures
that sepprataDit9f ofhRestudgendiddrr oceed provigeay €liéani®ncyan eyen
further i1nmproving the efficiency of cleaning. In this second step, the

or gani ¢ caeabedgoatdl vgnisolatiihgt eachhdeuibe aoné ogtda stytmenfrom ctheat i ng
line and the scale is renoved. As a result, volatile conponents do not |eak
out, so phateshelsnet enThushi this daée. neB)hawei aglange pebtectiony step Step
3 is a mxing and processing step for mxing the organic cleaning sol vent

i nto t hepkant neperabionst er AbFRanfhpce afliepnbresSpRgPe t eaghby yedrked®ani ng

solvent remaining after step 2 can be mxed into the raw material inside
the pet rotbunthef FirfgraArErednfer npRehr 8teRN1HrpAveeds2e FAMRHELDERR ol eum

2 AT Bl Skk ahedbbhhah' 8 HPLin' PhecRlRLSs, AR aacke .o O
t he C|rcg£$%%§g %FPEaaRBﬁBné@?iéSCQPdtfﬁgp’ and mxed it into the raw

mat eri al - i S no cessary to enploy a special processing device

for treating &HélHi@gnihsaﬂbﬂgeﬁe'&f?&ulé@iﬂédEHE%I nﬂg%ﬁ§5%§saé€ | ncurr ed,

and environnental contam nation need not be a conce eani ng net hod

of the seeea gnbediaeNt seHRLO¥EAINENBAELSAERANRNCH1 PEQRBAL En§! S@D NEbr
solvent, and precedes via first, second and third steps as descri bed above.

As a resditculéitsngethedoggannst cabeningpsoioenef inshdy thereguipmenteavy
hydr ocar bon derivatives. Mreover, since cleaning is carried out by

i sol ati ngndnayclhendygi préventotbekcfeansdppivimyghther afteseméntboned devi ce
di sassenbl ing operation is not required. Further, an operation requiring
human | a@bganigchladnileg epéuantg, and 46t PRevddad WEEDrvRhyey, arte
operational tine can be significantly reduced, the nethod is safe, and the

costs asE%E?BSeGORAFHnPﬁgt P@aﬁPn&h%pEFQFi%ﬁcééﬂgﬁﬁ'cﬁchharply. Si nce
Bilant. the. nellerva- FRBAR: 257 KPR rOEof CRECPLRT BhOuRERer YRR TF ant ' s
?geggggfgégsgéﬁggég?ﬁéngé?3251géhdo£Oe&uﬂbﬂéﬂﬁ'tbeﬁé'cléaﬁéécwﬁéﬁiﬂﬂaéi”e
egquipment 1s not provided with a connecting member for
connecting to the cleaning circulating supply means. Note,
however, that the circulating line is not limited thereto.

The cleaning solvent circulating supply means has a
circulating pump 31 for circulating the aforementioned organic
cleaning solvent; a cleaning solvent tank 33 for supplying the
organic cleaning solvent; and a cleaning solvent pump 32 for
supplying the organic cleaning solvent. The cleaning solvent
circulating supply means 1s provided with piping connections
on the tube and shell sides thereof, and valves 21-28 for
adjusting the direction of flow of the organic cleaning
solvent inside the various piping. A sedimenting column 30 is

also provided. The organic cleaning solvent that has passed

through heat exchanger 1 flows into sedimenting column 30, and



operational time can be reduced even further, by providing a piping
structure in advance to the equipnent to be cleaned which can be connected

to the cleaning solvent circulating supply nmeans. Additionally, if (0 DEQ 98
truck is used to convey the cleaning solvent circulating supply neans to

t he equi pmrent to be cleaned which is inside the petroleumrefining 09D
E C 200Z 29 plant, then it can be sinﬁ£§ connected to the cleaning nmachine,
and cl eani ng can be perfornmed. Because the used cl eaning sol vent after

cl eani ngtRasPpetadceffl scedei dnr ther nedanhtoclbendhy pelveheusedehént 89
device, mxed, in and processed, it is not necessary to provide a speci al
devi ce fgﬁeﬁ?ﬁﬂessing this fluid. Thus, environnental contam nation is not

a concern, ang addi tional costs for such a_process are not incurred.
Exanpl es The presBAPiPAveAt EBR Gieaning selEeBt arhtdulat ey astppsy ng

the pr oaned¥ € BORREGReT Farar biPe o TPRLY cRBAPLRG “andtibel A1 erkatosol vent
Was preﬂ@é@ﬁiﬁ& §,Cgﬂgfiagh581§xgﬂgﬂfng( ,aggées&gll exhaust opening 3
of heat exchanger 1, as shown in FIG. 2.

Four loops through which the organic cleaning solvent
flows are formed in the circulating line shown in FIG. 2. The
loops can be selected by opening and closing the various
valves.

The first loop is for circulating organic cleaning
solvent through the shell side of heat exchanger 1 in the same
direction as the usual flow of the process fluid in the
process line (i.e., from the shell supply opening 2 to the
shell discharge opening 3).

This first loop is formed by opening valves 23, 27, and
28, and closing all the other valves.

The second loop is for circulating organic cleaning
solvent through the shell side of heat exchanger 1 in'a
direction opposite the usual direction of flow of the process
fluid in the process line (i.e., from shell discharge opening
3 to shell supply opening 2).

The second loop is formed by opening valves 21, 27, and
25, and closing all other valves.

The third loop is for circulating organic cleaning
solvent through the tube side of heat exchanger 1 in the same
direction as the usual direction of flow of the process fluid
in the process line (i.e., from tube supply opening 4 to tube

discharge opening 5).



LGO was enpl oyed as petrol eum derived hydrocarbon A, and a m xture

conpri sing MBM and acet ophenone in a ratio of 2:1 was enpl oyed as gpag
oxygen-cont ai ni ng pol ar organi c conpound B. The organic cleaning s I&ZM?
(mxture of A and B) according to Exanple 1 was then formulated by m xing
conmpounds A and B to achieve a A'B n1 gng ratio of 15:3. (Exanple 2) LGO
was enpl oyed as petrol eum derived hydrocarbon A, and MBM was enpl oyed as

t he oxygen-contai ni ng pol ar organi c conpound B. The organi c cl eaning

sol vent accor dheg thiirgt ubep i8 2oPmEdCo206Reddnof vAlaad B2, t p6 Fxan@l e 2 was
then fornul ated by m xi ng conpounds A and B to achieve a A°B mxing ratio
of 6:4. @Bxamplde cApsliGy wdd ewhkoywdluespetrol eum derived hydrocarbon A,
and acet ophenone was enpl oyed as the oxygen-contai ning pol ar organic
conpound B. THaeofgamith ébeaniﬁgfgﬁlOéﬁﬁu%ﬁikﬂﬁr@rﬁﬁngpaﬂéeﬁviﬁﬂcording to
Exanple 3 was then fornul ated by m xi ng _conpounds A and Hto achieve a A'B

m xi ng r &eilyest Gh£°ugéoﬁﬁ8rﬁﬂpﬁesEﬁﬁnﬁfehﬁ?tL%EF?%%S?BIéu#ﬂd@rlved

hydr ocarbon A) was used al one as th acc to Conparative
Exanpl e 4 1r@€5&6§r8@@9éiﬁﬁaﬁﬁﬁeu§?aiB§$F€8 ﬁﬁnﬂngiﬂgsoﬁsEﬁeaPBﬂ%eég t he

sol vent %icird' 9¢h pr”B%E%tiX eEfﬁvg[? §r0$C?HBgrgiscﬁarggngpenfgg 5

to tube supply opening 4).

The fourth loop is formed by opening valves 21, 26, and
24, and closing all the other valves.

Thus, by selecting each of the loops formed in this way,
and circulating a supply of organic cleaning solvent through
the respective loops, it 1s possible to clean the inside of
the shell and tube members in heat exchanger 1.

A cilrculating line can easily be formed by connecting
such a cleaning solvent circulating supply means, enabling
cleaning using the organic cleaning solvents cited above.

FIG. 3 shows an example of the formatlion of a circulating
line to an arrangement in which a connecting nozzle for the
cleaning solvent has been provided in advance to heat
exchanger 1.

By providing the equipment to be cleaned with a
connecting member for the cleaning solvent in advance, the
time required for the connecting operation can be reduced.

Namely, the equipment to be cleaned can be easily
isolated from the process line, and the circulating line
readily formed. Thus, the time for the process can be greatly
reduced, and the operational time even further shortened.

In the case where a connecting nozzle for the cleaning

solvent 1is provided to the equipment in this way, a valve for



Acet ophenone (compound B) was used al one as the solvent according to
Conpar ative Exanple 3. Each of the solvents according to Exanples 1-3 and
Conpar ative Exanples 1-3 was mixed with scale adhered to a portion0d&f DEMEQ?
tube in a shell and tube heat exchanger incorporated in a vacuum
distillation unit in a 1:Z ratio. The jy xture was then rotated at a
rotation speed of 216 rpmand a tenperature of 20C. The rel ationship

bet ween the reduction in scale and the duration of rotation was neasur ed.
The thi ckRéssrypting &bl Broepss £Ouidt i BROVEdedetPghBReeBiBANY oWhifph | e
the thickness after rotation was indicated as L. L/Lo was detern ned and

defi ned 84PPhéeFedhet PERCPASsEARLdgtiantheyeauipment. £ Brapghodnininge
| t h h h.in FLG, 4, | ' th d ' ' |
Guant | ty 38/ PEoTLasfoptaies) BRgch.cudipient "skie “Enar: HRSGFkYFonth °° ©
tati ' t hQr | t gl ' t ' t nbol
(Ot 0 3.l gt B8 OR AR LAON A i et DS LBUIER ol B SY7001

Cbhparatbi?aﬁiﬁﬁpESl@en@DQE?Eﬂ§E¥§nEX§ eyZmedhd £RAPAT 2hive Example 3,
ey FFo £s ;

respectiv mthe resu of Tes anple 1, it is clear that the
supplyilng, discharging or stopping the organic cleaning

solvent. A valve for interrupting the process fluid is
provided in the same manner to the piping for discharging the
equipment’'s process fluid. Branched biping is provided on the
equipment side, and is provided with a flange for connecting
to the cleaning solvent circulating supply means and a valve
for supplying, discharging or stopping the organic cleaning
solvent.

In the case of heat exchanger 1 shown in FIG. 3, valves
41, 42, 43, and 44 are provided to the process line piping
which links shell supply opening 2, shell discharge opening 3,
tube supply opening 4, and tube discharge opening 5,
respectively. Branched piping 34, 35, 36, and 37, which are
equipped with a valve and flange for connecting to the
cleaning solvent circulating supply means, are provided to a
part of the piping that i1s closer to heat exchanger 1 than
valves 41, 42, 43, and 44.

When connecting a cleaning solvent circulating supply
means to a device having this kind of piping structure, the
flanges of branched piping 34, 35, 36, and 37 can be opened
and the piping of the cleaning solvent circulating supply
means attached thereto.

The diameter of the opening of branched piping 34, 35,

36, and 37 is preferably 40% or more of that of the opening of



conmpounds of Conparative Exanples 2 and 3, i.e., the oxygencontaining pol ar
organi ¢ conpound B only, did not renove the heavy hydrocarbon scaIeU?qm@qmm
Further, although the conpound of Conparative Exanple 1, i.e., petroleum
derived hydrocarbon A (LG only, renoved a portion of the scale, a |onger
period of tinme was required as conparzg to the exanples. In contrast, the
conpounds of Exanples 1--3 renoved th& scale quickly, and in a significant
guantity. Test Exanple 2 Wth the exception that LCO was enpl oyed i nst ead
of LGO Test Exanple 2 was performed in the sanme manner as Test Exanple 1,

to f | I =6 dj Ex I
13) and ConpRr Bt or B aeaP PO eer  ELATR: e ot aRELEEPOTC IR D) The

reducti opnhiiBpt g E?Bmetm? emgh8ybA €ACh §£0&8§§ewﬁée§swaﬁ BRasyEgeri n the
same way as In Test Exanple 1. Tﬁese results are shown in the graph in FIG

5) with pheipedHehean i Meedl a guanktby bfle phehbésdoongrbetyeltagal axis

0 9 DE C 2002 32 and the duration of rotation plotted along the horizontal
axi s. | nptbhgethaplyesn, thheraypgbobg 4~8 inches ts, desirablleXfondikat e

Exanpl e 4) Exanple 5, Exanple 6, Conparative Exanple 4, Conparative Exanple
2, and CdnpmetervefEkaapkbe8d, plpipgcBiveBy, B6oandhd7r esThesfddw Teseed
Exanple 2, it may be seen that the conpound of Conparative Exanple 4, i.e.,
pet r ol eupfdthevedghpdcocaebbing EPLWpnnty, easibveadjnstedalp avptdHudckl y
t han the conpounds according to Conparative Exanples 2 and 3. However, the
scal e waBavépgyvaddéaBRtREr d0qtiPdRI FaBYet he conpounds according to Exanpl es

0 mth hegguaguiiet IRSSEE 49TE, OB e SHUChac EREREAGER' P kO
be isolated from the process line to form a closed line for
cleaning. By opening valves 41, 42, 43, and 44, heat
exchanger 1 can be returned to the process line.

An arrangement in which a plurality of heat exchangers 1
having this type of connecting nozzles are aligned in parallel
or series, can be l1solated from the process line by the
opening or closing of valves as described above. Further,
formation of a circulating line can be carried out smoothly by
connecting the cleaning solvent circulating supply means at
branched piping 34, 35, 36 and 37, and the time required for
removing scale can be greatly reduced.

(2) Dissolving/dispersing step, Removal by peeling step

In the second step, after forming a circulating line
inside the equipment, organic cleaning solvent is supplied to
the circulating line from the cleaning solvent circulating
supply means, to dissolve and disperse the oll foulant in the
heavy hydrocarbon scale adhered inside the equipment, and the
sludge thereof is removed by peeling. In other words, the
dissolving/dispersing step and the removal by peeling step are

carried out simultaneously.



a mxture of MBM and acetophenone in a ratio of 1:2 was enpl oyed as the
oxygen-cont ai ni ng pol ar organi ¢ conpound B. Organi c cl eaning sol vepgsnmﬂ?
prepared by m xi ng conpounds A and B together in an A:H m xi ng rat .0
(0%, 19:1 (5%, 9:1 (10%, 8:2 (209, and 6:4 (40%, respectively. The
percentages in the parenthesis indi catzg t he proportion of oxygen-containing
pol ar organi ¢ conpound B contai ned i n“Che organi c cl eani ng sol vent (where %
is avol%. Scale conposed of an equil.ibrium cat al%st carried Oﬁér fromthe

fluid catal ytThlerstamrismerfarend aftehd PRI DERIAHANS ddPCover was
enpl oyed for the test. This scale agnd the oragacr#c C-'Letgg‘l n% sol wents

for mul atas shewe erBIGE xetl 39 8 4:PF U/ Sid Tt ed %t uglpsﬁ edf 215
rpmand a tenperature 0 9 D E C 200 i j p between
the red BkFIHAte St LTIAMT ¢ i?’fig’%n%%lv%fen%%%att;qﬁ ({)jfeé%)]lag{]i n was

nmeasured,, These results are shown on the graph in FIG 6, in which the
reducti % scale quantity L/Lo is plotted along the vertical axis and the

duration of rgiati oS W odd ey aftat) ddip g i@l ciwdisLatihg el | gure,

the proportion of oxygencontaining polar organic conpound B in the organic

cl eani ngoéé)é,yf@tciéaﬁﬂd@ cedBeemts ntd thee eyniyment-,is- prefdatdiyd 603
indicate 0% 5% 10% 20% and 40% respectively. Fromthe results of Test
Exanpl e gr mhéré Sofl €ee lim¢art hee gy oft|teniprpess s difuishplaptadli n t he
present invention's cleaning nethod (in the range of 5-40% denonstrates
suf fi ci evaleé engrsigreds i thcy. m/zee) Handhinore e ierakkpapate ddhepet rol eum
derived hydrocarbon A, and acet ophenone was enpl oyed as the

oxygen- co¥eal ntiRe oI YR 1erhEhi Ff Cop RFRFESS (fr%hirfil'c cl eani ng sol vents were

f I db j 1 X] ' f th ds. I d
Lhe or gani ¢ oFkahy I hoeRt VERSHN 28 el PrEAHE Shaations Tae Tost

Exanpl e &lém:{.xﬁieséf\géﬁ{ifg 18s4 hﬁxéﬁ‘aﬁ% toe Oéhé%%%%cfggi?*;sed' The

reduction in gquantity of scale In I s case s (Lo-L)/La

These {fsaibtSy@lScthPWNit NiEl & rdicdle 8 pduh ratd Qsiu?dgi Ul as the
proportion of acetophenone in the organic cleaning sol vent (acetophenone

concent r s D¢ - tHéCe @O h ON | Xs tderdpiand | tvhOfc Bl £nd Liotna /1P Was
plotted along the vertical axis, and the concentration of acetophenone
(vol %9 1nsufficient.
The temperature for supplying and circulating the organic
cleaning solvent is not particularly limited, provided that it
is above the melting point of the organic cleaning solvent.

Specifically, the lower limit for the temperature is ordinary
temperature, preferably 20°C, and even more preferably 50°C.
The upper limit is 300°C, preferably 260°C, and even more

preferably 200°C.

When the temperature is below 20°C, the organic cleaning
solvent tends to have a decreased efficacy in dissolving the
01l component of the scale, while when the temperature is in
excess of 300°C, there is risk that the organic cleaning
solvent may crack, depending on the type employed.

By switching the direction of circulation of the organic

&leaning solvent inside the equipment to be the same or



0 9 DE C 2002 34 was plotted along the horizontal axis. The synbol -~
indicates the results of Test Exanple 4. Fromthe results of Test Exanple
4, it may be understood that when the proportion of acetophenone gg[%pqmg
1~ (AB mxing ratio of approximately 100:1), the anobunt of scal e reduce

is greater than when LGO al one is enplgoyed. Mreover, a maxi mal reduction
in scale was achieved at a proportion df 40~ (mxing ratio AABis 6:4), so
that this proportion is preferred. Wien the proportion of acetophenone
exceeds ®PpoEAte ribd Mg meattiionofof]l £fApw toife thed peoicessi Fluhd . adbuds of scal e
is less than when LGO alone is used. Accordingly, adding acetophenone in
excess oPosigidbleetsl impiicaies the sdeanlage efbectrat Felteadng @fsibeant ageous
effect. Thus, the efficacy of addi ng_even smal | ampunt of acetophenone to

a
LGO may Ed-O%h Fd8ddPr 3R (e 3COMPLd shedq &yc S FhdBGy ¥alyest OBxaRgl e 5
Fl ow rate was .reduced .(from 24, 00Q BPSD.to 12,000 BPSD) in the vacuum

di sti| | aBi&FUHR % &5 é&?qrgubﬁ@d 3ROVE-0si ng the val ves |inking the

process |1ne 4 d 8 e AN el 89s h arFesdlBNt Lamoheay, gxghanger in

a vacuum di stiTTation uni hereby 1'solat’i ng e heat éxchanger Tromthe

process ljdienoMhe dddidhdLmai ni ng i nside the heat exchanger was di scharged.
Next, th epi pl)uleng Ie{ndl#l ngdet he supply and di scharge nenbers on the tube and

shel | sides ofry hgydrariconer ARGE b AWY1Q SAhARYTE 1 sPpRF NG BnAl REmbYa 1t he

cl eani ng solvent circulating supply neans was connected thereto, to forma
ci rcul at ibyg geene.nglhechid @19 conpdtiante ofmihey e¢aler ilshaigisodvledt byg thiene

was as shown in FIG 2 (circulating |ine assenbling step). 0sSs o Ec zooz
35 A nm xtomgandfc |dlgtanioid sodiverdt ramide thed erlinderd Hysd peedeidoawayaatdVBM f or
oxygen-cont ai ni ng pol ar organic conpound Bin an AB mxing ratio of 5:1
was enpl ayieed dmtchechyr prdanis edsiand nsolspdivientThi Sigcgavhe siadani ng
sol vent for introduced into cleaning solvent tank 33 for the circulating
li ne. component of this scale 1s 1ron sulfide, it has a high
specific gravity. Sludge having a large particle size
sediments in the sedimenting tank of the circulating line. It
is preferable to provide a filter near the exit of the
sedimenting tank for this reason. Provision of a filter
ensures that separation of the sludge will proceed with good
efficlency, even further improving the efficlency of cleaning.
In this second step, the organic cleaning solvent
circulates through a closed-system circulating line and the
scale is removed. As a result, volatile components do not
leak out, so that the system is highly safe.
(3) Mixing and processing step
Step 3 1s a mixing and processing step for mixing the
organic cleaning solvent into the raw material after cleaning,
and prodessing it.
The used cleaning solvent remaining after step 2 can be
mixed into the raw material inside the petroleum refining

unit. This mixture can be processed in the petroleum plant in

a regular distillation unit for example. Namely, cleaning can



Next, the organic cleaning solvent was heated to 100C, after which val ves
23, 27, and 28 only were opened on the circulating line. The orga

cl eani ng solvent was relayed from cl eaning solvent tank 33 to thqufgﬁﬂgmz
under the shell side of heat exchanger 1 by circulating punp 31. The fl ow
vol une of the organic cleaning solvent,,at this time was 120 kl/hr. C eaning
was performed by circulating the orgaﬁ&: cl eani ng solvent for 4 hours. The
| inear velocity of the fluid in heat exchanger 1 was 0.4 nisec. Part way

t hrough beeconednided proddsshazgiinghthg vsedheleanyeg gasventf Sremdtke t hat
only valves 21, 27, and 25 were open. As a result, the circulating

di recti ofikgylpdlagsddnesafipst thpesergafi EtePeadNAgnisdedest hatoctheul at ed
fromthe piping above the shell side of the heat exchanger. Next, the

ci rcul at FRY W?%@r%éé'swﬂpéﬁediEyiﬁpBﬁFnﬁeﬁﬁF§a§&I9%5399,026? sREc®8lon the

tub ide_of the heat h 1. .Th ' I [ I t I d

1 om & he PRORERG SIGPVikE e CEPALLED Hod LeStNaNRRPLAT SAIVEREAN: ng vat.
ied qQut by ci | ati h I ' I 3 h in th

manner  aboserraPeay ofol Re=ERcrF oo ERE Mo, F00 ek Beh BT, 1 oM " ey

t hrough Eggt%hggggggnphgggigottBg gabgﬁ?ﬁyﬁ(e switched, so that only valves
n a

21, 26, a wer e open. result, e direction of circul ation was

reversed, so %ﬂ@tchQ%th@gﬂEQhﬁﬁeéﬁiEEeSQEMSH§ ﬁaﬁoakﬁEHkaEﬁ91gy9 €nd E C

2002 36 fromthe piping above the tube side o eat exchanger

(di ssol vefdrsmentaotledp brigam@echganenli sg1oeap) draspreoeabsr¢yeaal ed
approxi mately 300 kg of an oil conponent dissolved in the waste fluid after
conpl et i ddrestt,ciseconsdt iamg chéadi sepsnaaddesconbedbatbvé00 Bsoé sl udge was
retrieved, of which 70~ was iron sulfide. After the C eaning process was
conpl et e&esups  citbdsi mgtdokdydemopstraktesi Aypsuppryefiftiascwadindrampedngut
from heat exchanger 1, the valves linking the shell and tube sides of heat
exchangefefV¥o OFAgbess deri¥akdVe€Sopened, and heat exchanger 1 was
rocess line. Fo the start o er at

t dtot |1 i f i f heat
rchancar 3. ' BRrRahEes, sinde cipanipaote] CRERLER oRGaBY: FARLABIRGaORBund
t h t i initial | f 8~. Not t t thi I i
to cfeanthe BaSPmERs, o mho 1 BrnPR tRaR, £BF BEPTESS) Athai fi SRO1F8 Fowi ng
recoVery qdis JoRHISRGY ko Ca8! hog! eBlugtofieal phERRSLer aho deter orare

Equ : (
over tine was as in the . I'n conventional cleaning nethods enpl oying
eqUIDWEnbp@t&&ﬁiﬁﬂ&b@@ﬁmjﬁguhﬁﬁ&ﬁt1898&@tb98§ a@r§e§UémeaﬁQﬂgt0151aoéays I'n
order to carry out cleaning. In contrast, the test exanples only required 2
days. Tesleeldednpl actcordingdsgr, theseperatibaati timbatangbki ne for heat
exchanger 1 in Test Exanple 5, the supply and discharge piping for the
process Isiigaidddaattiv medsiceld, &he mebbodi dessefeheandexbkargetsl were
rel eased, and the piping was directly connected to the piping of the
cl eani ng assogddted wdirhattheg cdeppingneassatienacaasbet puti ghagadyrequired
to renove, heat

Since equipment cleaning can be realized without suspending

operation of the plant, the negative impact of cleaning on the

petroleum refining plant's operational efficiency can be held

to a minimal level.

A circulating line is easily assembled, and the

operational time can be reduced even further, by providing a

piping structure in advance to the equipment to be cleaned

which can be connected to the cleaning solvent circulating

supply means. Additionally, 1f a large truck is used to

convey the cleaning solvent circulating supply means to the

equipment to be cleaned which is inside the petroleum refining



0 9 DEC 2002 37 insulating materials and the tracing steamline, adding
about one day to the process. Therefore, in Test Exanple 6, the deiﬁfﬁ
shown in FIG 3 was enployed for the process |ine piping on the shel Q%HWZ
tube sides of heat exchanger 1, in which a valve and branched piping for
connecting to the cleaning solvent cirgulating supply neans is provided in
advance. When connecting to the cleaning solvent circulating supply neans,
val ves 41, 42, 43, and 44 were shut. The piping of the cleaning solvent
circulating supply neans was connected to branched piping 34, 35, 36, and
37 to forpdanti rdigmtithgean e emlecamegied ththeanedandded in the
sanme manner as in Test Exanple 5, wth superior results obtained. The tine

requi r ed FFRIME AL FIRATDIME LD iBf REGEENEH e 6 was one day. Thus, by
providing in vance arr angenent havi ng a val ve and branche i Qi hg for
connecting to ?‘l%a%ﬁfeegifrh%ddieo‘?vg‘?a@dﬁjplif%ﬁ%t, alfﬁteerfi‘?ﬁe%lﬁ% Bifre%[ he
process c r !9%§ ﬁﬁggﬂ! 7.4 | i Cac f dthe

pr esent icﬁé\}n ?%gn(fsifgig%u ydr ocar onr?escoa le%c?cﬂelgt%%r%gnrg‘%%iongﬁ‘v%s&eVi&’

i nvest i gaf £ pYif UdA WrdBd d@! Mhich Rl st S6p1& Fildvidb shows the
devi ce eonoyeJ‘in thﬂ%:exanple. First, the surface o éFICnn1x 20mm car bon
steel pl ajgeSilaiagedd 6ot Hroddd LIPESEnd S dIA WM s [ Aadwwitormdistiance
conpri sing 55~ sludge containing mainly iron sul fide and 45% oi | conponent
col | ect edecdri £dhEndeBdn exs hesrged ddhdemac Wi Haditiaid Oreastd fiaxr faidn
simul ated scal e 52. Next, carbon 0 9 DE C 2002 38 steel plate 51 having
t he adheradpsocesd aitace soat el rbPuwwesd di sposed in a gl ass vessel 50 which had
an internal dianmeter of 1Om O ganic cleaning solvent 56 equivalent to
that enployed in Test Exanple 5 was placed in cleaning solvent tank 55.

Crculating punp 54 was used to supply organic cleaning solvent 56 inside
gl ass vesE®AMBYLSt a specific flowrate to bring it into contact with

sinmul ated scalge 52. After one hour, t t hi ckness (t1) o i mul ated scal e
32 wae measur RS MESRTRE Lo il TL P P aniatngt, thaaBit (e
t1)/5) eryl The flow vol une of organic cleaning solvent 56 was
adjustegag%gféaéﬁ%ﬁggg?hid | i near velocity of organic cleaning solvent 56
i nside glass vessel 50 was 0, 0.1, 0.2, 0.3, 0.4, 0.5 0.6 msec. The

t hi ckness of sinulated scale 52 and the rate of reduction in sinulated
scal e 52 BékerE€afse N wWas neasured when the tenperature inside glass
vessel 50 was 25C and 50C, respectively. These results are shown on the
graph in FIG PBirst, the organic cleaning solvent employed in the

present invention was prepared for the example, and a
different solvent was prepared as a comparative example.
(Example 1)

LGO was employed as petroleum derlved hydrocarbon A, and
a mixture comprising MBM and acetophenone in a ratio of 2:1
was employed as the oxygen-containing polar organic compound
B. The organic cleaning solvent (mixture of A and B)
according to Example 1 was then formulated by mixing compounds
A and B to achieve a A:B mixing ratio of 15:3.
(Example 2)

LGO was employed as petroleum derived hydrocarbon A, and
MBM was employed as the oxygen-containing polar organic

compound B. The organic cleaning solvent according (mixture



Fromthe graph in FIG 9, it may be understood that when the fluid |inear
velocity of the organic cleaning solvent was 0.1 nisec or |ess, tlI§g pgg mpf
decrease of the scale in sinulated scale 52 was | ow, and the simul ated
scal e, 52 coul d not be peeled from carbon steel surface 51. However, when
the fluid linear velocity exceeded O.ﬁonisec, the cleaning efficacy was
high, with a high rate of reduction in”“the scale achieved. Further, the

hi gher the cleaning tenperature, the higher the reduction in scale and the
hi gher the efficacy of cleaning. 0 9 DE C 2002 39 Wiat is clained: 1. A
met hod f oof CA esad MB)) hisaVExdmyslk e carvan tdoal & catthdraed byequixdment , wherein
an organic cleaning solvent is used to clean a piece of equi pnent having
heavy hydranpelrots sk ard diiher exchiiereta ABmixsingramtpar atfed :idn a devi ce
whi ch processes petrol eum hydrocarbons as a raw naterial, the organic

cl eani ng GE¥aremte bkl ng a ni xture conprising of a petrol eum derived
hydrocarbon A and an oxygen contai ni ng pol ar_ conpound B as active
conponents, tHHEEHHFDETROINFESi %) PRt TR L AaTg v S S As R =8 A-n apdi ch
the organic cleaning solvent js supplied to and circul ated inside the

equi pnent?c%FOLi?rh%n %ivb%n?m?js°%%§k£% ti'EiT‘F (HY BPSAE LRI B985 vent, to
di ssol ve an | SP il I X r | by ] in ich a
remai ni ng&%éi%rgig(z (feé%‘%ﬁ %éav@ﬁ%yﬁ%%nafcbocﬁl%ga\é%nép issﬁsgerﬁogggﬁ%‘?/c I%;]);Jeee Ioﬁg

ei ther coqc 1 fger | Vi ' ' ;

m Xi ng a(r?g %E%gg}ss%%&sﬁ%@i %&v%%%ﬁp%?g}ragéaﬁc&iclsﬂ%@n%& sec,iﬁt %nt"a?&gn% xed

into the comMpomEs | Rl add BTt S &ige AN PHPGOSRERatdo AfMR:od for

cl eani ng heavy hydrocarbon scal e adhered to equi pnrent according to claim1,
wher ei n: a(Cotipat&tive BxdiwpBSSENDIing step is performed in which a
circulating line is fornmed prior to the dissolving/dispersing step by

i sol ati ng the i fpetioleuhadet ok hydmomdrdttemprioceesss [Uged mldamet ersr upt i ng
its connecting piping, draining the fluid remaining in the equi pnent, and
connect i nghe hgotyenhi #eceniirgt tei¢enpana tye Jpmmp¥eans to the equi prent;

and 0 9 DE C 2002 40
(Comparative Example 2)

MBM (compound B) was used alone as the solvent according
to Comparative Example 2.

(Comparative Example 3)

Acetophenone (compound B) was used alone as the solvent
according to Comparative Example 3.

Each of the solvents according to Examples 1~3 and
Comparative Examples 1~3 was mixed with scale adhered to a
portion of the tube in a shell and tube heat exchanger
incorperated in a vacuum distillation unit in a 1:1 ratio.
The mixture was then rotated at a rotation speed of 216 rpm
and a temperature of 20°C. The relationship between the
reduction in scale and the duration of rotation was measured.

The thickness of the scale prior to rotation was
designated as L,, while the thickness after rotation was
indicated as L. L/L, was determined and defined as the

reduction in scale quantity.



t he di ssol ving/dispersing step and the renoval by peeling step are carried

out sinultaneously by supplying and circul ati ng organi ¢ cl eani ng i@ﬁ?WM?
fromthe cleaning solvent circulating supply neans inside the equﬁg "

di ssol ving and di spersin~the oil foulant in the heavy hydrocarbon scal e
adhered inside the equi pnent and renn§ing t he sludge thereof by peeling. 3.
A net hod for cl eaning heavy hydrocarb scal e adhered to equi pnent
according to claim1, wherein the A'B nmxing ratio for petroleum derived
hydr ocarbon A and oxygen contai ni ng polar organic conpound B in the organic
cl eani ng sol v&hesies reeRlts are shown fet g B5APR| dBnfAG - hdavinhylieRar bon
scal e adhered to equi pnent accordl to claim1l1, wherein etroleun1der|ved

hydr ocar B&% Keﬁé’§ Bo il F§AI6i a&f% 1350&/bp +5 gt EER 35009 |FhRI d at room
t t t hod f I b h dt

cqul prendeRESRd A0 A REL RIS OherPOREARr&e: DaRSa: BL8RBon A can
dlssolvet%re (o] heavy hydr ocarbon scale, and is the raw

mat eri al npgﬁ%§§%ﬂgfﬂ A

ateé product or final product of a device which processes

pet rol eum hydr.ocar bon. .as a raM/nater al metgod cl eanj ng heavy
hydr ocar bon” sc& &hﬁd%égé’(fetso léc&)rdfn'g? g)al%'l anghel ein the

oxygen-cont ai ni ng _pol ar_ or gani c conpound Bis at | east one conpound

sel ect edindjcgty Exempde? 141 Exasiplenhe . gEgapPesngri Songaaasite EXpapdaes,
al i phati ¢ ket ones, and carboni c acid esters represented_ by _the follomnng
general flor (A Wﬁ% ﬁMﬁ(ﬁ¥4@P¥hﬁhaPI QBWBBFQtaWFhEHQWP&Pean}der|ved
hydr ocar hgn._A §$e1 C-Rz1I ... (1 ) [V%ereln R1 and R2 each represent
one grouﬁ%§§%§ W?%%on1annng 1-8C MI< groups (i ncluding substituted

al kyl groups) p.al Ky %”ng Sxﬂbstlo(f "‘1%' ?'i%s&' “itte‘?Ls {n(:&}éh%”%hﬂ"coﬁlﬂa)

al koxy groups inclu tuteq gr oups), eneoxy groups

(inC|Udi%%m§&%ﬂd§‘8fﬂédﬂ é%!%%%ﬁx%ﬁ@ﬁ §)2 and Bhe&yb g @HBSo gygghudlng
substi tut ed ‘phenyl groups . A net for cleaning heavy hydrfocarbon
scal e adkent@indng polar organic compound B only, did not remove the
heavy hydrocarbon scale at all. Further, although the
compound of Comparative Example 1, 1l.e., petroleum derived
hydrocarbon A (LGO) aonly, removed a portion of the scale, a
longer period of time was required as compared to the

examples. In contrast, the compounds of Examples 1~3 removed

the scale quickly, and in a significant quantity.

Test Example 2

With the exception that LCO was employed instead of LGO,
Test Example 2 was performed in the same manner as Test
Example 1, to formulate solvents according to Examples 4~6
(corresponding to Examples 1~3) and Comparative Example 4
(corresponding to Comparative Example 1). The reduction in
the amount of scale in each of these cases was measured in the
same way as in Test Example 1.

These results are shown in the graph in FIG. 5, with the

reduction in scale quantity L/L, plotted on the vertical axis



equi pnment according to claim11, wherein the dissolving/dispersing step is
carried out at a tenperature in the range of 20300C . 8. A nethod for

cl eani ng heavy hydrocarbon scal e adhered to equi pnent according t d &DEE 3002,
wherein the renoval by peeling step is performed by a jet cleaning mnethod.
9. A nethod for cleaning heavy hydroczébon scal e adhered to equi pnment
according to claim2, wherein in the rculating line assenbling step, the
equi pnent to be cleaned is isolated 0 9 DE C 2002 42 fromthe process
i ne without suspending plant operations, and connected to the cl eaning
sol vent @ndcthet dﬂﬁa‘éih@pl 9f nsahation fplotted alergl the prizentab A met hod

for cleaning heavy hydrocarbon scal e adhered to
axlis.

In the figures, the symbols @, A, ¥, O, ¢, and X

indicate Example 4, Example 5, Example 6, Comparative Example
4, Comparative Example 2, and Comparative Example 3,
respectively.

From the results of Test Example 2, it may be seen that
the compound of Comparative Example 4, il.e., petroleum derived
hydrocarbon A (LCO) only, removed the scale more quickly than
the compounds according to Comparative Examples 2 and 3.
However, the scale was removed even more quickly by the
compounds according to Examples 4~6, with the quantity thereof
significantly reduced.

Test Example 3

LGO was employed as petroleum derived hydrocarbon A, and
a mixture of MBM and acetophenone in a ratio of 1:2 was
employed as the oxygen-containing polar organic compound B.
Organic cleaning solvents were prepared by mixing compounds A
and B together in an A:B mixing ratio of 1:0 (0%), 19:1 (5%),
9:1 (10%), 8:2 (20%), and 6:4 (40%), respectively. The
percentages in the parenthesis indicate the proportion of
oxygen-containing polar organic compound B contained in the
organic cleaning solvent (where % 1s a vols).

Scale composed of an equilibrium catalyst carried over
from the fluld catalytic cracker and the oll at the bottom of
the refining tower was employed for the test. This scale and
the organic cleaning solvents formulated above were mixed in a

1:1 ratio, and rotated at a speed of 215 rpm and a temperature



equi pnent according to claim2, wherein: the cleaning solvent circul ating
supply nmeans has a circulating punp for supplying the organic cleaning

sol vent, a sedinenting tank in which the peeled off sludge sedi ment®9 DEC 2002
filter for renoving sludge and piping and val ves for supplying, expelling
or suspending flow of the organic clegqing solvent; and the direction and
speed of flow of the organic cleaning Solvent inside the equipnent to be

cl eaned can be adjusted. 11. A nmethod for cleaning heavy hydrocarbon scale
adhered to equi pnment according to claim1, wherein the linear velocity when
t he or ga®ifc 24 €ani Agessrdafionshdpppetugennshe; redratéani 48 geatae

equi pnent is 60%or nore of the linear velocity of the process fluid. 12. A
met hod f @uagitddiyt dg'Iieand hher duzabbansedl| zohdhéerdvas measpredt accordi ng
to claim2, wherein: the cleaning equi pnment is provided with a valve for
interrupting tThess Fessslty axe @gquWe 98l piheg SARPEh 18upPG-e$ t HA phdedss
fluid to the %gfipnent, and a branched piping that is grovided closer to
the equi pienEedUsd IFann feals antdd hildfohdd PLPFRELLRIPRIpFRYi ded with

0 1120 GO ST AP S LS U SR s

the, o ganie HSANAGROLAEN e P NG LAURTHoIS ALY b2

pi pi ng structure provide a valve iI'nter € proce

that is RIAMAASANd ddiGrs YRy dBAY Yonbodf B e Yrddini @04 nlghe
equi pnment's process fluid, and a branched pi pi ng provided on the equi pnent

side, the R,ae'hﬁt{‘elds F}!rfﬁir%tﬁ%d)\s%sg%d g €y, Uﬁb%elsf‘i C@;”eﬁ“ tonhhe

cl eani ng “sol'vent “Circula Iy ‘means’ arfd d val've Tof supplying,
i ne | o raients Bt (T 1 D% G o RRIRECHLYalVat  ng Supply maans
to the eqUiF”“?Eoﬁ(%ﬁgafééﬁy¥¥iof Test Example 3, it is clear that the
organic cleaning solvent employed in the present invention’s
cleaning method (in the range of 5-40%) demonstrates
sufficient cleaning efficacy.
Test Example 4

LGO was employed as petroleum derived hydrocarbon A, and
acetophenone was employed as the oxygen-containing polar
organic compound B. Organic cleaning solvents were formulated
by varying the mixing ratio of the two compounds. The scale
and the organic cleaning solvent were rotated under the same
conditions as Test Example 1 and the reduction in the quantity
of scale was measured. The reduction in the quantity of scale
in this case was indicated as (L,-L)/L, .

These results are shown in FIG. 7. The mixing ratio is
indicated as the proportion of acetophenone in the organic
cleaning solvent (acetophenone concentration). The reductilon
in the quantity of scale (L,-L)/L, was plotted along the

vertical axis, and the concentration of acetophenone (vol%)



13. A method for cleaning heavy hydrocarbon scal e adhered to equi pnent
according to claim 12, wherein the dianeter of the branched piping is 40~
or nore of the dianmeter of the piping for the process flow 14. A qnqqmn
for clearing an oil foulant of a heavy hydrocarbon scal e adhering to a heat
exchanger that is incorporated in a s aten1mh|ch processes petrol eum

hydr ocarbons as a raw material by using an organic solvent fluid wherein

sai d heavy hydrqc n scale ontaln n_oi.l onent . and d nd said
heat ex@ﬁ&n@éPt3§E%' 3 e%ﬁg %P s PdE o&ﬁ 83?88Eag2 g @fﬁ%ﬁ Sdi |
source in an atnospheric dlstlllatlon unit or a vacuumdistillation unit of
a pet r oltf®emTEeSUltisn @ HITaRt E@pke od conprising: a di ssol vi ng/ di spersi ng

pet Lol 2&“52&@&%&3@5&”” 'ea“%“% 3 ?%Ezgpgﬁcé"#;t‘nhﬁné SBRgBEEsReguna B
d |_e d hyd bgp A,h boi |
as actl Oneﬁsgﬁgﬁ?@"tﬁgﬁ t ol uﬁ.’rpéfp I’GIn\é% I}_ rﬁg)égrgt 3@ (IA 1as a oi ling

poi nt of & & I| Poom S supplied to
and cir i 990 xcha L i s soaked
09D Eﬁ@;%&%g:&ﬁﬁ. %Fiqﬁggghnlc CH@QH%O 1§dl&§%tgﬁghn§|ggoggglgnd di sperse
the oil £ SR e 90U Gl on WA Ehpligele Mg By dge

fron1theeheavy hydr on sca e I's renmpbved by peeling~either concur rent

With or maffassindie xR MM adisRalesiwas SlcdRevaadat B Ppropozitd opr egessi ng
step in which the organic cleaning solvent is mxed into the raw materi al

after cldoani(ngxigiy natice3s:@l.is1% : 44 ,naichathaftorthdlse pariopg ritdawny ilsydr ocar bon
scal e adhering to a heat exchanger according to claim 14, wherein the
oxygen gorefEinriedy pdlhen ddrep ureddB tiiometth giceioplenomeo excesdisuBPiat e or
acet ophenone or a mixture thereof. 16. A nethod for clearing heavy

hydr ocarfo® sdatinamamaiid mf tls 4 aithel £edMedden 1saitep @mosingu efder i ved

hydrocarbon A conprises one or nore of a residual oil after atnospheric

d!Ft}IIéHQ&?|ﬁfa%ﬁﬁﬁr?ﬂ%%uﬂq%¥lﬁﬁqK?¥ﬁ9ﬁ(%§ usieght 659?3? nﬁﬂﬁbh LS ? nght
ol 1 1 raddEihe Ak CPRAARARE (b oTens oFf (Fhie 1eaal conedtsng o o
A& 9.

Au. Aé%do‘?@%%& B S %E%Afg%&sﬁdvﬁntﬂgi?us e RS A (YIRS AN As (R A

|— 7. A Alef%l%a%@?d% ¥4 daﬁ{g? ML ArdatA: %md%mt)/%ﬁfb%&etophenone to LGO

may be understood from the results as described above.
Test Example 5

Flow rate was reduced (from 24,000 BPSD to 12,000 BPSD)
in the vacuum distillation unit.

A bypass was formed by closing the valves linking the
process line to the tube and shell sides of a Feed/Bottom heat
exchanger in a vacuum distillation unit, thereby isolating the
heat exchanger from the process line. The f£fluid remaining
inside the heat exchanger was discharged.

Next, the piping linking the supply and discharge members
on the tube and shell sides of the heat exchanger were
released, and the piping for the cleaning solvent circulating
supply means was connected thereto, to form a circulating
line. The piping structure employed for the circulating line

was as shown in FIG. 2 (circulating line assembling step).
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cleaning solvent for 4 hours. The linear velocity of the
fluid in heat exchanger 1 was 0.4 m/sec. Part way through the
cleaning process, switching of the valves was performed so
that only valves 21, 27, and 25 were open. As a result, the
circulating direction was reversed, so that the organic
cleaning solvent was circulated from the plping above the
shell side of the heat exchanger.

Next, the circulating line was switched by opening only
valves 22, 26, and 28 on the tube side of the heat exchanger
1. The organic cleaning solvent was relayed from the piping
under the tube side of heat exchanger 1, and cleaning was
carried out by circulating the cleaning solvent for 3 hours in
the same manner as performed on the shell side of heat
exchanger 1. Again, part way through the cleaning process,
the valves were switched, so that only valves 21, 26, and 24

were open. As a result, the direction of circulation was

reversed, so that the organic cleaning solvent was circulated
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(dissolve/disperse step, remove by peeling step)

Measurement revealed approximately 300 kg of an oil
component dissolved in the waste fluid after completion of
circulating cleaning. In addition, about 600 L of sludge was
retrieved, of which 70% was iron sulfide.

After the cleaning process was completed, the cleaning
solvent circulating supply means was dralined out from heat
exchanger 1, the valves linking the shell and tube sides of
heat exchanger 1 to the process line were opened, and heat
exchanger 1 was returned to the process line. Following the
start of operation of heat exchanger 1, the equipment’s total
coefficient of heat transfer was found to have recovered to
its initial value of 98%. Note that this wvalue prior to
cleaning had fallen to 60% of the initial value. In addition,
following recovery, the tendency for the coefficient of heat
transfer to deteriorate over time was as 1ln the past.

In conventional cleaning methods employing equipment
disassembling, equipment operations were suspended for 12 days
in order to carry out cleaning. 1In contrast, the test

examples only required 2 days.

Test Example 6

In order to secure the circulating line for heat
exchanger 1 in Test Example 5, the supply and discharge piping
for the process line on both the shell and tube sides of heat
exchanger 1 were released, and the piping was directly
connected to the piping of the cleaning solvent circulating

supply means. As a result, time was required to remove heat
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was employed for the process line piping on the shell and tube
sides of heat exchanger 1, in which a valve and branched
piping for connecting to the cleaning solvent circulating
supply means 1s provided in advance. When connecting to the
cleaning solvent circulating supply means, valves 41, 42, 43,
and 44 were shut. The piping of the cleaning solvent
circulating supply means was connected to branched piping 34,
35, 36, and 37 to form a circulating line. Heat exchanger 1
was then cleaned in the same manner as 1ln Test Example 5, with
superior results obtained. The time required for the cleaning
process in Test Example 6 was one day.

Thus, by providing in advance an arrangement having a
valve and branched piping for connecting to the cleaning

solvent supply line, the time requlired for the process can be

shortened.

Test Example 7

The cleaning efficacy of the present invention’s heavy
hydrocarbon scale cleaning method was investigated by forming
material which simulated scale.

FIG. 8 shows the device employed in this example.

First, the surface of a 10mm x 20mm carbon steel plate 51
was coated to a thickness of 5 mm with a foulant substance
comprising 55% sludge containing mainly iron sulfide and 45%
0oil component collected from a heat exchanger in a vacuum

distillation unit to form simulated scale 52. Next, carbon
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disposed in a glass vessel 50 which had an internal diameter
of 10mm. Organic cleaning solvent 56 equivalent to that
employed in Test Example 5 was placed in cleaning solvent tank
55. Circulating pump 54 was used to supply organic cleaning
solvent 56 inslde glass vessel 50 at a speciflic flow rate to
bring it into contact with simulated scale 52. After one
hour, the thickness (t,) of simulated scale 52 was measured.
From this value, the rate of decrease in the scale ((5- t,)/5)
was determined.

The flow volume of organic cleaning solvent 56 was
adjusted so that the fluild linear velocity of organic cleaning
solvent 56 inside glass vessel 50 was 0, 0.1, 0.2, 0.3, 0.4,
0.5, 0.6 m/sec. The thickness of simulated scale 52 and the

rate of reduction in simulated scale 52 after cleaning was

measured when the temperature inside glass vessel 50 was 25°C

and 50°C, respectively. These results are shown on the graph
in FIG. 9.

From the graph in FIG. 9, it may be understood that when
the fluld linear velocity of the organic cleaning solvent was
0.1 m/sec or less, the rate of decrease of the scale in
simulated scale 52 was low, and the simulated scale 52 could
not be peeled from carbon steel surface 51. However, when the
fluid linear velocity exceeded 0.2 m/sec, the cleaning
efficacy was high, with a high rate of reduction in the scale
achieved. Further, the higher the cleaning temperature, the
higher the reduction in scale and the higher the efficacy of

cleaning.
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a dissolving/dispersing step in which the organic
cleaning solvent 1s supplied to and circulated inside the
equipment, or the equlipment is soaked in the organic cleaning
solvent, to dissolve and disperse the oil foulant;

a removal by peeling step in which a remaining sludge
from the heavy hydrocarbon scale 1s removed by peeling either
concurrent with or after the dissolving/dispersing step; and

a mixing and processing step in which the organic
cleaning solvent is mixed into the raw material after

cleaning, and processed.

2. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 1, wherein:

a circulating line assembling step 1s performed in which
a circulating line is formed prior to the
dissolving/dispersing step by isolating the equipment to be
cleaned from the process line by interrupting its connecting
piping, draining the fluid remaining in the equipment, and
connecting the cleaning solvent circulating supply means to

the equipment; and
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4. A method for cleaning heavy hydrocarbon scale adhered to

equipment according to claim 1, wherein petroleum derived
hydrocarbon A has a boiling point of 200°C or higher and is a

liquid at room temperature.

5. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 1, wherein petroleum derived
hydrocarbon A can dissolve the oil foulant in heavy
hydrocarbon scale, and is the raw material, intermediate
product or final product of a device which processes petroleum

hydrocarbon as a raw material.

6. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 1, wherein the oxygen-containing

polar organic compound B is at least one compound selected
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[Wherein, R1 and R2 each represent one group selected from
among 1-8C alkyl groups (including substituted alkyl groups),
alkylene groups (including substituted alkylene groups),
alkoxy groups (including substituted alkoxy groups),
alkyleneoxy groups (including substituted alkyleneoxy groups),

and phenyl groups (including substituted phenyl groups)].

7. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 1, wherein the

dissolving/dispersing step is carried out at a temperature in

the range of 20~300°C.

8. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 1, wherein the removal by peeling

step 1s performed by a jet cleaning method.

9. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 2, wherein in the circulating

line assembling step, the equipment to be cleaned is isolated
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11. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 1, wherein the linear velocity

when the organic cleaning solvent 1s supplied and circulated
inside the equipment is 60% or more of the linear velocity of

the process fluid.

12. A method for cleaning heavy hydrocarbon scale adhered to
equipment according to claim 2, wherein:

the cleaning equipment 1s provided with a valve for
interrupting the process fluid on the piping which supplies
the process fluid to the equipment, and a branched piping that
1s provided closer to the equipment side than the valve, the
branched piping being provided with a flange for connecting to

the cleaning solvent circulating supply means and a valve for
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supplying, discharging or suspending the organic cleaning
solvent;

the cleaning equipment is provided with a piping
structure provided with a valve for interrupting the process
fluid that is provided in the same manner as the piping for
discharging the equipment's process fluid, and a branched
piping provided on the equipment side, the branched piping
provided with a flange for connecting to the cleaning
solvent circulating supply means and a valve for supplying,
discharging or stopping the organic cleaning solvent; and

a circulating line is formed by connecting the cleaning
solvent circulating supply means to the equipment to be
cleaned.

13. A method for cleaning heavy hydrocarbon scale adhered
to equipment according to claim 12, wherein the diameter of
the branched piping is 40% or more of the diameter of the
piping for the process flow.

14. A method for clearing an oil foulant of a heavy
hydrocarbon scale adhering to a heat exchanger that is
incorporated in a system which processes petroleum
hydrocarbons as a raw material by using an organic solvent
fluid wherein

said heavy hydrocarbon scale contains an oil component
and sludge, and

said heat exchanger is disposed between a residual oil
source and a crude oil source in an atmospheric distillation
unit or a vacuum distillation unit of a petroleum refining
plant,

the method comprising:

a dissolving/dispersing step in which an organic
cleaning solvent of a mixture comprised of a petroleum
derived hydrocarbon A and an oxygen containing polar
compound B as active components, and the petroleum derived
hydrocarbon A has a boiling point of 200 °C or higher and is
a liquid at room temperature is supplied to and circulated
inside the heat exchanger, or the heat exchanger is soaked
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in the organic cleaning solvent, to dissolve and disperse
the o0il foulant;

a removal by peeling step in which the remaining sludge
from the heavy hydrocarbon scale is removed by peeling
either concurrent with or after the dissolving/dispersing
step; and

a mixing and processing step in which the organic
cleaning solvent is mixed into the raw material after
cleaning, and processed.

15. A method for cleaning heavy hydrocarbon scale adhering
to a heat exchanger according to claim 14, wherein

the oxygen containing polar compound B is methyl beta-
methyoxy isobutyrate or acetophenone or a mixture thereof.

16. A method for clearing heavy hydrocarbon scale according
to claim 14, wherein said petroleum derived hydrocarbon A
comprises one or more of a residual oil after atmospheric
distillation in a petroleum refining device, light gas cil
which is a light o0il function obtained by fractionation;
heavy gas oil, which is the light o0il fraction from a vacuum
distillation unit, and light cycle oil.



