Met hod for cleaning tanks The present invention relates to a nmethod for

cl eani ng tanks, such as storage tanks and ship tanks. H therto such tanks
wer e ventWe,201005pe2Pt i cul ar after havi ng contai ned hazar #CU&EPAHOH3084 s such
as benzene. Venting is a tine-consum ng bl ower operation, acconpani ed by de
vel opnent of vapours, which nmay be hazardous to the envi ronment. Therefore
the exciting vapours have to be burned in an incinerator, or alternatively
shi ps have to vent in the open sea. Thus both alternatives are expensive.
GB- A-470,419 relates to a nmethod and apparatus for clean ing the interior
of encl osed spaces such as tank cars, fuel tanks and oil and chem cal
carrying contai ners which nmay have becone fouled on their interior

surfaces. The nethod conprises introducing a solvent into the encl osed
space in both vapour and liquid form and renoving the liquid sol vent

contaiqgngMgkﬁggl%gqé% %gfgge%éghgglthe encl osed space. US-A-3, 046, 163

relates to a netho appar-at us inte riorly cleaning a tank by first
passi ng a hot vapour of a chlorinated hydrocarbon solvent into the tank,

condensin ai d vapour .on the tank |ls, draini ff the.contam nated
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interior wihhkki, gd@dnselsvetorddteftanks and ship tanks.
Hitherto such tanks were vented, in particular after hav-
10 ing contained hazardous materials such as benzene. Venting
is a time-consuming blower operation, accompanied by de-
velopment of vapours, which may be hazardous to the envi-
ronment. Therefore the exciting vapours have to be burned
in an incinerator, or alternatively ships have to vent in

15 the open sea. Thus both alternatives are expensive.

GB-A-470,419 relates to a method and apparatus for clean-
ing the interior of enclosed spaces such as tank cars,
fuel tanks and o0il and chemical carrying containers which

20 may have become fouled on their interior surfaces. The
method comprises introducing a solvent into the enclosed
space in both vapour and liquid form, and removing the
liquid solvent containing dissolved impurities from the
enclosed space.

25
US-A-3,046,163 relates to a method and apparatus for inte-
riorly cleaning a tank by first passing a hot vapour of a
chlorinated hydrocarbon solvent into the tank, condensing
said vapour on the tank walls, draining off the contami-

30 nated condensate and recovering the solvent, followed by
pressure spraying the interior with liquid solvent, then

again passing hot solvent wvapour into the tank and finally



agai n passing hot solvent vapour into the tank and finallypassi ng unheated
outside air through the tank to renove renmaining traces of solvent vapour
from t he \¥Pr20101132028bove patents both relate to a net hod PEGEPRFHHIRID4 of
residual material clinging to the wal ks of a tank, using a suitable solvent
and recirculating the recovered solvent until said material has been
renmoved fromthe walls and apparatus suitable for use in said nethod. As
bot h patenPQSéipgredhﬂ@tbdo@@ﬁSﬁﬂﬂﬂ%ﬂ%ﬂ?ﬁﬁpuqﬁ)ﬁhevknm@ haveehpeed obvi ous
to use these nethods and_app at 1 eas to, av0|d t he high
costs and &fVi %oﬁnﬁeﬁngeﬁ %ge 0 ﬁ? |%g¥§%%te ast presently usgd

but apparently t hese net hods and apparatus were not sufficiently reflned to
obt ai n adequate cleaning of tanks. The above di sadvant ages are avoi ded by

t he net hod aecaPeVﬁn@aﬁanﬁﬁew iTRAERS g aHREth e R T | REBATRONnCpr ovi des
a nmethad f?@s&@@?i' P9 £RaZ A7 rﬂ@'tﬁi%flhéa&%,awﬁgﬁﬁbyu%{ 4oL the

hazardous material are renove fron1 he ta In 1-2 hours. The present
i nvention pnovebés sofwendd ainor neeniovdnig trigsy dues véchragaedosslwanerial s
from vapour

er.ei.n our S zar do rial,
present in Qkﬁanﬁallsmﬁggfé&l &ﬁﬁS(f%ﬂﬂ%ﬁQﬁi?¢1%¥éblt %dw?gfguﬁg quent |y
cool ed andapparkeBi Bul@allye RROUIsd Sir esd T€ Uhadteski. characterized in that
t he vapour conpri sing hazardous
10 As both patents expired well over twenty years ago it

would have been obvious to use these methods and apparatus

as an easy way out to avoid the high costs and environ-

mental damage of the venting system as presently used, but

apparently these methods and apparatus were not suffi-

15 ciently refined to obtain adequate cleaning of tanks.

The above disadvantages are avoided by the method accord-

ing to present invention.

20 The present invention provides a method for removing haz-
ardous material from a tank, whereby 90% of the hazardous

material are removed from the tank within 1-2 hours.

The present invention provides a method for removing resi-
25 dues of hazardous materials from vapour in a tank, wherein
a vapour, comprising hazardous material, present in a
tank, is heated, passed outside the tank and is subse-
guently cooled and the remaining dry vapour is recircu-
lated, characterized in that the vapour comprising hazard-
30 ous material is heated by appropriate means to a tempera-
ture of at least 5°C above the melting point and below the
selfignition point of the hazardous material to be re-

moved, is passed by means of a pump through a cooler,



material is heated by appropriate neans to a tenpera ture of at |east 5C
above the nelting point and bel ow the selfignition point of the hazardous
mat eri al WO 2b®/05202fpved, is passed by nmeans of a punp t RCEHERR0E/008004

cool er,wherein the vapour is cooled by appropriate neans to a tenperature
at least 5C lower than the initial tenpera ture and above the nelting point
of the hazardous mate rial, the |iquefied conponents of the vapour are
recovered ahéreha t@wammpqynﬂ%§\QqnﬁﬁdlbyriﬂprQRWEEE@ meaphetoank, and
recircul atin beln con ue J1 the de red | eve azardous nmateria
has been aéﬁfq‘g\%& eqﬁ\?t g’[ad S Hed abrbv%h? hJen%/)%lb%T %egpﬁfgf—er ably a
dry vapour tuI@eammbiosrerm nRd tihQgtb Bve &f g hizeugbpst matethe
vapour, thus reducin thefproce55|ng time. In order to nmake the tank
avai | abl e Féplfuthferd igge d@ﬂ[ﬁﬁﬂﬁQﬂ%Pﬁinﬁﬁrﬁﬁ@ YRRRYT r 8BS e EPV S eHs
renove ar r e S

materi al s tpanspor?%g%ﬁlr?qt et nk% %éﬁgnea%(?%nedl%ﬁ%%gé?ng% ngkgénzene,
throIeun1and petciaglcalmtimad eting stk asugdtunt i ] galsel dag)redpdkredi | and
olive oil re specifically the nethod according to the invention rel ates
to the treStfl\rr/g‘ﬁtza& oblén?‘@r’ﬁ?%/}r‘?dl glarf‘ar%eferés %élz%Y%‘gus material. The contents

of the tank are preheated to

In the method described above the vapour is preferably a
10 dry vapour. The pump is required to achieve a high
throughput of the vapour, thus reducing the processing

time.

In order to make the tank available for further use any
15 ©possibly remaining undesired material is removed with a

scrubber or in another suitable way.

As examples of materials transported in the tank may be
J
mentioned amongst others benzene, petroleum and petroleum
20 products, such as petrol(gasoline), palm oil and olive

oil.

More specifically the method according to the invention
relates to the treatment of benzene and ethanol as hazard-
25 ous material. The contents of the tank are preheated to
the desired temperature level at the start. Preferably
benzene vapour is cooled to a temperature above 6°C, or
ethanol vapour to a temperature above 4°C, the cooling
preferably being performed by means of chilled medium such
30 as water, while the initial vapour is at a temperature be-
tween 11°C and 30°C for benzene and a temperature between
9°C and 30°C for ethanol. Heating is preferably performed

by means of appropiately heated medium, such as water.



the desired tenperature level at the start. Preferably benzene vapour is
cooled to a tenperature above 6C, or ethanol vapour to a tenperature above
40C , t hewoaolwasge2pr ef er abl y bei ng perforned by neans ofPCEHPROSHISHRHT um
such as water, while the initial vapo#r is at a tenperature be tween 110C
and 30 OC for benzene and a tenperature between 9C and 30 OC for ethanol.
Heating is preferably perfornmed by neans of appropiately heated nedi um
such as water. The hazardous material will condense in the cooling unit

(cooler) a n_be isolated framthere while the r ghai 0| va IS
Feturned § SoEnEazaRRot R RetErd et SRR aTh f T eCP P LEPH: FRE L he
vapour untikobhe rgesindedaneyr 1@01@2@[ dotism Nt Ef é &bhiﬁe agheeyeflaiMit h
respect to benzene the vapour be cooled to below the solidification

poi nt of béRgeNa@pPosIsEs |rr$ta1rfr1 It e it i oth k% epredwment i8] F6Wi ng t he
I nvention E%aftf%t Re, 'iJ lé“i'r%tl%ctl gqthcr{eef &99%&&1“&&”&&%99%' n which

t he sequence uni carrying out t net hod according to the

i nvention flewed b&nhmzandmmmwmaﬁurmﬁl(xﬂl@chﬁewamour heated to a suitable
tenperature by heating neans (not shown) , is passed froma tank 1 to a
cooling unit 4 via a conduit 2 by nmeans of a punp 3 . Said cooling unit is

provi ded WytiRnha deagketr @ RMN2edd&HOVRIpHRF tmde hEJcSH¥A) to Sendansed
vapour is discharged fromthe coo
the solidification point of benzene, 5,5°C, in a final re-

10 circulation step.

In the following the invention is further elucidated with
references to the drawing, in which the sequence of units
for carrying out the method according to the invention for

15 a tank is shown schematically.

A vapour, heated to a suitable temperature by heating
means (not shown), is passed from a tank 1 to a cooling
unit 4 via a conduit 2 by means of a pump 3. Said cooling

20 unit is provided with a jacket 10 (only the lower part be-
ing shown). Condensed vapour is discharged from the cool-
ing unit 4 to collector 12 by means of conduit 11. Cooling
unit 8 provides cooling medium to the jacket 10 of cooling
unit 4 via conduit 9, said cooling medium being returned

25 to the cooling unit 8 via collecting vessel 6 and conduits
5 and 7. The remaining vapour in the cooling unit 4 is re-
turned to the tank 1 via the last part of conduit 2. All
conduits may consist partially or completely of flexible
hoses.

30
Having thus described the present invention, it will be
understood by those skilled in the art that variations and

modifications can be effected in the described embodiments



ing unit 4 to collector 12 by neans of conduit 11. Cooling unit 8 provides
cooling nediumto the jacket 10 of cooling unit 4 via conduit 9 , said
cool i ng MEOi20mwvasei2ng returned to the cooling unit 8 vi aPCOIHPR@IONRYOYessel 6
and conduits 5 and 7 . The renmai ning ¥apour in the cooling unit 4 is re
turned to the tank 1 via the last part of conduit 2 . Al conduits may
consist partially or conpletely of flexible hoses . Having thus described

t he presenwikhvent deparitting Ifirdre tirdevycsimmodarhy spioset skf | tled invehe art
that variations and nodifications can be effected in the described

enbodi ment SWlhout departing fromthe scope and spirit of the inven
tion.Clains: 1 . A nethod for renoving residues of hazardous materials from
a tank, characterized in that a gas mxture is passed a ) through the tank
cont ai ni ng residues of hazardous nmaterial at a tenperature of at |east 50C
above the nelting point and below the self-ignition point of the hazardous
material to be renoved, b ) the vapour m xture thus forned is passed from
the tank through a discharge unit to a recovery unit, ¢ ) is cooled to a
tenperature of at |east 5C | ower and above the nelting point of the
hazardous material in a recovery unit, d ) the liquid conponents of the
vapour are recovered and the
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dry gas mxture is recirculated to the tank while reheating to the
tenperature as under a ), e ) said recirculation is repeated until the
requi r ed wewelo/wsbozhazar dous mat eri al has been achi eved. PRT/EP2009mb3004
according to claiml1 , characterized #n that the gas mxture is a dry gas
m xture. 3 . A nethod according to any one of clainms 1 and 2 ,
characterized in that as a final step renmaining undesired material is
renoved with a scrubber. 4 . A nethod according to any one of the preceding
clalqg sGharacterized in that the hazardous material is benzene. 5. A

met ho accordlng to claim4 , characterized in that benzene is cooled to a
t enperature above 6C. 6 . A nethod according to any one of clains 4 and 5 ,

characterized in that the cooling is perforned by neans of chilled water.?7
A net hod -abcBRERE fOTafPE S 13 teea ¢b }GazaEﬂ‘aPﬁcPéFﬁféélﬁn t hat

t he GRIRE A kA Ofcﬁaileadt@rt Ad 985 hat Uée%éé @ x & énﬁgrgh%gdb%t yween 11

0C and 30 0C . 8 . nmet hod according to y one o the precedi ng clai ns,
char&@ﬂ@mgbe¢hawuanh qunﬁamnrngﬁr¢$mdm@mkoérbapaedeaSematerﬁhé a@dsired
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heat U&dvﬁtwfs@flff&dd?ﬁtfmﬁﬂsp&ifnt of the hazardous material to be
removed,
b) the vapour mixture thus formed is passed from the tank
through a discharge unit to a recovery unit,
c) is cooled to a temperature of at least 5°C lower and above
the melting point of the hazardous material in a recovery
unit,
d) the liquid components of the vapour are recovered and the
dry gas mixture is recirculated to the tank while reheating to
the temperature as under a),
e) said recirculation is repeated until the required level of
hazardous material has been achieved.

2. A method according to claim 1, characterized in that
the gas mixture is a dry gas mixture.

3. A method according to any one of claims 1 and 2,
characterized in that as a final step remaining undesired
material is removed with a scrubber.

4. A method according to any one of the preceding claims,
characterized in that the hazardous material is benzene.

5. A method according to claim 4, characterized in that
benzene is cooled to a temperature above 6°C.

6. A method according to any one of claims 4 and 5,
characterized in that the cooling is performed by means of

chilled water.



appropi ately heated water. 10. A nethod according to any one of clains 4
and 9 , characterized in that cooling is perforned by neans of cooled

medi um WO 2l0msedzod according to any one of clainms 9 amdTHEP000/08808€t eri zed
in that thee tenperature of the initial vapour is between 9C and 300C . 12.

Met hod acqor di RgthedaR%:c@RHRAi%g the JHPHH NYr Gt Bliks g£hesagierized in that
the vapour in the tank is preheated to the desired tenperature |evel prior
t o behagactrddiecedd ino thied dde drempesatapparaf ushé oinierdli ggsr esi dues of

hazar dous mat.eri_al _fraom vapqur. i t ank,, £o0pri si hgoa conduit 2 , provi ded
mﬁthméxgﬂﬁﬁ és,a%eﬁdFﬁS*F%%a95%J§§%%F%ﬁmﬂfr€ﬁ?%ai%gcgbler back to Ehe
tank, said.cpohethédbaick@d raiong ded amy rorie COPl g poskedid§ wheimsn cooling
medi um i s passing through conduit 5 via collecting vessel 6 for cooling
nedi GReZagtes igiefe dinattihdd \on teHoi ef Re atanbl #hg BREPeatgAdteonduit 9 |

and %%d%%ige!aazc%W%%t Nide ! rf@frt‘?&%’&gsiﬁ&”k%ehi;ﬂgt}l@it 4 by
means of conduit 11°to collecting vessel 12.
initial gas mixture.

9. A method according to any one of claims 7 and 8,
characterized in that the heating is performed by means of
appropiately heated water.

10. A method according to any one of claims 4 and 9,
characterized in that cooling is performed by means of cooled
medium.

11. A method according to any one of claims 9 and 10,
characterized in that thee temperature of the initial wvapour
is between 9°C and 30°C.

12. Method according to any one of the preceding
claims, characterized in that the vapour in the tank is
preheated to the desired temperature level prior to being
conducted to the cooler.

13. Apparatus for removing residues of hazardous material
from vapour in a tank, comprising a conduit 2, provided with a
pump 3, leading to a cooler 4 and from said cooler back to the
tank, said cooler 4 being provided with a cooling Jjacket 10
wherein cooling medium is passing through conduit 5 via
collecting vessel 6 for cooling medium and is circulating via
conduit 7 via cooling unit 8 and conduit 9, and condensed
hazardous material may be removed from cooling unit 4 by means

of conduit 11 to collecting vessel 12.



