hhvention is related to a nmethod and device for oil/water separation by

'gdal escing the oil particles to separate the-oil effectively fr ¢ ' .
corit ani nat ed wat er which contains finely divided and di spersed %{?SS%P
oil in an enulsified state. Conventional nethods for separating oil from

oi | _contam nated water i'nclude gravity sepagati on nethods, filtration

met hods, adsorption nethods, cohesion deposition nethods, air flotation
nmet hods, 10 m crobi ol ogi cal processes, electrolytic nethods, physical
chem stry nmethods and coal escence nethods. The gravity nethod is only
applicable for oil droplets, and is unsuitable for the separation of finely
divided oil while filter clogging occurs in the filtration 15 met hod and
requi res |arge-sized equi pment for back flushing. However, difficulties
are still encountered in the conplete prevention of such clogging. The air
flotation nmethod also requires a large systemand it is inpossible to
separate finely divided oil. The 20 m cr o- bi ol ogi cal nethod requires

| arge .si zed. equipnent and is tinme consum ng, and the electrolytic or

physi cal- chem stry nethod i s acconpani ed by secondary processing,. thus

of fering problens in connection with the size of installation involved and

t he procedures of 2HBETHOD AMNDs ABRARATURS FOR\| QIL<WATERcSEBARASION/ail abl e

is an ideal nethod for oil renoval. g¥veygigscenegnnot be applied for the .
range of enul sion type particles of = drmensrorm smaller than 10 mcronetres
except when conbined with precision filtration or ultrafiltration. -

@TH@ AND APPARATUS FOR O L- WATER SEPARATI ON BY COALESCENCE -2- This



30 N The g[trafiltration'can only be used for specific cases, because t
equi'pment is |arge and expensive and the running cost is also high. Ont
otth hand, an oil adsorbent, dependi.ng on its lipophilic nature, - -3-
requires a high cost and a great deal of manpower for replacing it at
saturation point due to its adsorption limt This I's a mj or drawback
due. tollnpeQ|nent of oil flowin the case szhlgh oil concentrations and 5
hlgﬂé VISCOSI$y 0i | . The met hod of using an oil adsorbent for :

co scence of oj ar s smalle 1 r S S a
and therefore Fh?g e % éﬁ%%ggee%ﬂaf:ﬁggééga?gF gédﬂ@éﬂ¥d£
enul si fied nateroalzwatuu peaananﬂounhs|c@akeGqua|5hﬁnplﬂomaﬂtlcles to

econom cal |y per Lgpaa0eS ARl Abian SHFEORLAETFNTRH 611 cHiidanitalyds! es

smal | er than Cronetres - i s ava

e at_.t t
i nvention i s baswatepowhisbogantadnsofingdye ddwqu'% ese ohY %A]@g o

studies hage resgtgd115n anl @malgdified ardtanpar at us to eff|C| ently
separate high concentration and/or high viscosity.oil or enulsified oi

According to one aspect of the present invention there is provided a nethod
f2 8r oi | -wi':tter sepanaenuﬁohylcomeehoéacefmmepamm oddpsfoempraidhici ng a

coal esci ng g ggﬁ eTaT=1s as
wel | as wat er trgﬁgwpgg %'acybsor !r:lgﬁggo rQQﬂt on aétfiads}{ oneﬁdsﬁf ace
of - a porous nenbénlhyatapnln@ethodaon adsorati QQuﬂﬂﬁﬁQP /s §ﬁ§°¢ayer
whi e i ntai ni ngepgRIGARetHods, Y1 FIbuBIAI rietiifas, obtain a

coal esci ng el enent, subj ecting _sail-d coaIeSC|ng a co |ng uni t

to a flow 8P an Bicrebicdegisedd \RERTESIRSs t hg e§§F833F3cboHF5

physical chemistry methods and coalescence methods.

The gravity method is only applicable for oil droplets,
and is unsuitable for the separation of finely divided
0il while filter clogging occurs in the filtration

15 method and requires large-sized equipment for back
flushing. However, difficulties are still encountered
in the complete prevention of such clogg1ng. The air =
flotation method also requires a large system and it is

_ impossible to separate finely divided oil. The )

20 micro-biological method requires large sized equipment
and is time consuming, and the electrolytic or physical
chemistry method is accompanied by secondary
processing, thus offering problems in connection with
the size of installation involved and the procedures of

25 processing. The coalescence method now available is an
ideal method for oil removal. - However, it cannot be
applied for the range of emulsion type parficles of a
dimension smaller than 10 mic:oﬁetres except when

_ combined with precision filtration or ultrafiltration.

30 The ult:afiltration' can only be used for specific
cases, because the equipment is large and expensive and
the running cost is also high. On the other hand, an
oil adsorbent, depending on its lipophilic nature,



aﬁsses t hrough the porous material to catch and coal esce enulsified

| es upon said at least 30° . one surface, 'said oil-contam nated
‘'ng passed alternately. in' opposite directions through the
Al escing el enent; and then separating the thus coal esced oil and the

wat er from each other - Accordi.ng to anot her aspect of the present

I nvention, there is provided an apparatus—f&w-0|l-mater separation by.

coal escence conprising a coal escing apparatus for use in oil-water
separation by coal escence conprising a5 - coal escing el enent havi ng a’%’
coal esci'ng |ayequdxeishia i high, posftesimmggaﬁatrdpém. g RANARYEr e§0rsai d

one side of argbiace T A [OE B RBUPABTOR, polne) W LY U 04 o dEdrpRIgh | o2
casing 10 Agyﬁﬁnndgﬁ! Eil @Eﬁ%ﬁéc Qg%heﬁﬁe|§ﬂ(ﬁmEﬁAHQERYeP$neéns
| pro?ll ded in Isartd faowndn M AR o‘formrgavarﬂ r@ﬁdmtﬁmhffndd ] ]
coal escing e t t OiadyoC t hr oug

t he coalesci ngqgﬂ miﬂfgéfﬁg?' {ﬁy Il"lll'!ﬁ) 8‘?@8 sgc}%ﬁ@ %g 8Wll'

pr esent invenaﬂsnrbmmueinnennnﬁescﬁnoeloﬁroﬂﬂemantﬂnig;esmmﬁteclehanze of

smal ler than 38 my¢LegREEFESI N fifed LIS WA ©ehabedok@nochige. and

i's a considerabl numer ous r esear
devel oprent s pedhed: Ifatobetdeguater fosr the seganakion ot cemulsifiad

invention ispageri@anaat ﬂlogryﬁamm dnatT12éd &quip®eab! gorhe 15 ppm
requi regent to be rg.:all t-he, mari.ne usa&’ onboard oil /wat

f
separ at 6P as &Fo8PMILA ﬁﬁ th%"%%'"?a%m&ﬁp&r i&fbﬁBYoﬁ" teﬁ%“&ﬁ:o?gance
with the II\/OOoEH wiﬂmn\ﬂntMed n stiad 1eeal thcnnglmrmdenm@ftﬁehe psesent

lnvgntuon available at the present time.

The-present:iﬁventfon_is based upon recognition of
these difficulties, and extensive studies have resulted
15 in a method andﬁapparatus to efficiently separate high
' concentration and/or high viscosity 011 or emulsified
0f1. According to one aspect of the present invention
. there is provided a method for oil-water separation by
coalescence comprising the steps of producing a
20  coalescing layer having ofil-resisting and repelling
~  properties as well as water transmitting and absorbing
properties on at least one surface of a porous member
by forming thereon a water-insoluble hydrous gel layer
" while maintaining the porous nature of safd member to
25 obtafn a coalescing element; Shbjecting said coalescing
element in a coaléscing unit to a flow of an
ofil-contaminated watef such that said oil contaminated
water passes through the porous material to catch and
coalesce emulsified oil particles upon said at least
30 one surface, said oil-contaminated water being passed
alternately in opposite directions through the
coalescing element; and ‘then separating the thus
coalesced oil and the water from each other.



~Oil-water separating el ement consisting of a specific porous material is \
used. Lt is inportant that a water-insoluble hydrous gel . |layer is forney
on at |east 30 one of the surfaces of the porous menber to cone in
~Contact with qQil contam nated water and/or to the |iquid passage surface.
For exanple, various types of synthetic fiber 4 i-norganic fiber, natural
fiber, natural pulp, synthetic pulp, etc., are used to forma - 4a -
~ porous menber, on which a specific water insoluble hydrous gel |ayer is
- forged as a coal geeepddingayy . afdbdthéypaspectwadfer thespirelsieathyihrvernst ipr, or

its means of forpgtiqn .ar . cifi g | L {.ng
. exanpl es, and. caggﬁégs&I%esq%?laiegfeé‘in%%ﬁ(%gh@ tffng tof';;g& vﬁigerserﬁaa?gieeﬂrgor
: exanpl e, the fol bywicoalesdenize coompeiaing @ ¢aarlesc r sppagatus iffor A
- method in which ague o i ) f - WNer
. met hyl ene Bi sacr i ' | §8¢ &89wi exhibit
~polyneri zati on Ca}i.il-ystteﬁiEHln’@ N80 tep@lldny | grope vt iedri saidpaslenidrit ¢,
e e A I L el L
such a solution ba aaberlssagto phe psides acfea porousnsmeribermuwisilen,
pai nting, sprayipgs. . and,i.s dei A v hdrRPES Qof, about 80 -
[err] to effect g‘gﬁggéﬁl'a%ﬁgatqunf’%{ilﬁgrseg‘f%(;ﬁor{%ait?ﬁ ng a '\/\3 ga?sllgf ol ubl e
10 accommodating said coalescing element; inlet and outlet
means provided in said casing; and means for reversing
flow through said coalescing element sSo as to permit
oil-contaminated water to flow through the coalescing

element alternately in opposite directions.

15 The present invention enables removal of oil droplets
having a particle size of smaller'than 10 micrometres
which has been desirable for a long time, and is a
considerable advance in a field in which numerous -
research and developments project have been performed

20 without success. The invention is of great
significance in that it will enable the 15 ppm
requirement to be tealised for the marine use of an

- onboard oil/water separator as specified in the Sea
Pollution Prevention Act in accordance with the IMCO
25 Convention.

In the coalescing process of the present invention, an
oil-water separating element consisting of a specific
porous material is used. It is important that a
water-insoluble hydrous gel layer is formed on at least
30 one of the surfaces of the porous member to come in
contact with .o0il contaminated water and/or to the
liquid passage surface. For example, various types of
synthetic fiber, inorganic fiber, natural fiber,
natural pulp, synthetic pulp, etc., are used to form a



hydrous gel layer; (2) a nethod conprising the steps of applying an *

%o eous solution of a material having a positive ion charge (conpounds

*Ra ing a cation charge- such as pyridine or quaternary -anmoni um group) on a
pof ous sheet, and applying an aqueous solution of a 20 mat eri,al. having a
negati ve charge (conpounds having an anion charge such as a carboxyl group
or a sul fone group) on the sheet, wher 4By ~=such materials are ionically B
coupled to each other at the surface or in the interior of the sheet to  «
forma so-called ion 25. conplex;, (3) a nethod in which a gel conpound =4
obt'ai ned by .t?l%‘%%pl’q%%aqg}‘)or‘l’q}fc datPecd i WaEeFy sl uhisst ance |
such as car baxydrdls| get! layesecisafpomehasphacoalescedoediag@ioric acid
salt, sodium polyacrylate,, with a polyvalent netallic salt such as 30
magnesi um sulfate or. calcium chloride, i.e. by previously applying an
aqueous sol utThe bippsl wialwatenecinsblubiel hydrcuspogelisoshdes Imeamy of

above. 51 a C°@fi99‘“‘%@?‘?%&"3%%;?83539iﬂg?%ﬁ&%ﬁ&*%&ﬁ%ése&% eing

L]

above-stated water so _ bei ng
crossl ihked Wwehlewing jexamples, and| gandbeysedesteddiand, exempdififed
~polyvalent netallic ions; - (4) ~a nethod for nmaking a natural. or synthetic
hydrophilic polynmeric substance insoluble wthout losing its
‘wat er - absorbi ng characteristics, i.e. 5  wherein a porous sheet is
previously applied with a crosslinker such as chromum alum potash
alum formalin, zinc chloride, boric acid or nmagnesium chloride, and a
gel conpound is formed through a chem cal crosslinking reaction by adding a
" gel atinizer 10 such as gelatin, polyvinyl. alcohol, alginic acid,



nannan or cellul ose conpound and (5) a nethod of utilizing a material
whi ch absorbs water and swells to forma water insoluble hydrous gel, for
exanmpl e, a nmethod of appl ying a crosslinked pol yethyl ene oxide 15
(soluble in an, organlc solvent) to a porous sheet by way of inmersion,
coating, or spraying or a nethod of adding | ower-substituted :
carboxynet hyl ated cel | ul ose or pol yvi nyl flbeﬁln/rnx spi nning or mx

weaving. In the present invention, the |ayer mhich i's insoluble 20 in
.wat'er and -capabl e of absgrbing water _as nentio ggo referab
appl i ed on the s&PffcVifer Engﬁs sHOs SXRM § &P%ﬁW?E&#@F
passage t0 CONe icanCbe! ageditioh fairm @ Hydrtusy gmltae-r however, i s of

i nportance that there-is no | owering of the porosity of 25 the por ous
sheet filter after formation of the water-absorbing gel |la In the
sel ection of oneldr & metthod in whickranaaguegus @mimuqymaQEhaum:x#nte

porosity), the pBE‘.Oﬁaﬁv&t@rﬁ%ﬁ?&tﬁ(%ﬂdﬁ& At Us 1&%1%@%1@%&5"“9?

transnitted is too f1cl ency of o separati on
drops withSan inacs¥datien t9% aRedAuNOf apE¥Iateach¥dtdyt m enR anount

of water transni piadcr lhﬁﬁd%'Tﬁbr Méi!@ymi@érmﬂidéhe daden Ofrigh! -aat er
separation drops arp t he present .1 nventi,on sirabl e
Fhzation SathivR nicanne nameéhlﬁwe&sa@%e#eec?é

to provide a furPﬁg
the oil separati sodti.umct persalEates apotdssiapel Ipexsulfatie on, hydrogen

Forming he vat ePeIRERAS Apd,a SORGEHEAL P ddeeisel fiqn A& TmsTid' | *3
f1uorine c&ﬂpoun@hdptdldﬂomlum&hgommmthHPhamphiibl erepanedy and
col lecting agent gjufiNa solution is adhered to the porous sheet by means
- of immersion, painting, spraying, etc., and is then
dried at a temperature of about 80 - 110°C to effect
polycondensation, thereby obtaining a water-insoluble
15 hydrous gel layer; (2) a method comprising the steps -
of applying an agqueous solution of a material having a
positive ion charge (compounds having a cation charge
such as pyridine or quaternary ammonium group) on a
porous sheet, and applying an_aqueous,solution of a '
20 material having a negative charge (compounds having an
anion charge such as a carboxyl group or a sulfone
group) on the sheet, whereby such materials are
ionically coupled to each other at the surface or in
the interior of the sheet to form a so-called ion
25 complex; (3) a met_hod in which a gel compound is
 obtained by the coupling reaction of a water-soluble
polymerio substance such as carboxymethyl cellulose, a
- polyphosphate, a polyphosphoric acid  salt, sodium '
polyacrylate, with a polyvalent metallic salt such as
30 magnesium sulfate or calcium chloride, i.e. by
previously applying an aqueous solution of polyvalent
metallic salt on a porous sheet by way of . immersion,
coating, spraying, etc., then adding: én ‘agueous
solution of the above-stated water soluble polymeric
35 compound capable of being crosslinked with a metal,



S{earic aci'd conpound, silicone base conpound, wax 10 conpound,

‘dce tension-reducing agent or  oil collecting agent such as a higher
al cohol, silicone al kyl ene oxide or fluorine surfactant are added to
€ Avat er |nsoluble hydrous gel layer. Alternatively, the porous sheet will
be treated with 15 such an agent by coating, inmersing or spraying:
before or after formng the water absorbing gel. The porous sheet may have
a |Ip0phI|IC portion fornmed with the water absorbing gel [ayer. For -
exanmple, "an oil-separating effect by oil collection, gromh and 20 -’
separation Cafolmowembyedlnhprmﬂiuryctectj.mféftpolyaaeehal de;tarma‘.rw of .

- m xed Ki I gn f b £ fiber
or ‘gl ass 11 perondt, che 1" Bumtnga Me heltidy 3 "RachEal. of. sPAERELC 5
suf fici ent fchydnnph&itpfup@bymetxe ﬁﬂbetaacehainﬁglﬂbﬂcr pditheats | ity, .
water resist sy, Vé’tﬁ.si%&éfﬁﬁ&éﬁ‘ﬁfn?”éhﬂk‘é@ébk&kiic‘éa“ j0g w dely used as

t he porous sheet any restricti or exa board non-woven
fabric,5 papehAr elhinfsRRAOWn Sheeso 18 B§Eﬂi°uﬂ8¥- RRRM 6@t €ikhl @ such as

paper or non Wizﬂt&t C sidle rde Nichromiiad | @166, flﬁwmﬂcam% cotton,

cet Ios na af bei n I ven
{:ﬁg?gc?ér ?s'?l%%t ﬁfi h nq, gg?’gpﬂr?&' é?ﬁggur%g:}'gs&tt aﬂ'@@necfl}luabl lity,
etc., by rei rtﬂ'o‘mni'@e,t raaﬂmamt géd compotnds idescEormed mhr]apg!mese Pat ent

o seoore SoRSRELEINS L IROE5h 89" SRAEY 1 ohiSR iR L

cl ot h, the aforesal orcenent can |tself
has chdfact ersush c asr egelatiinyorpelyvinyhg aleohobs wiginiesiasidce,

pressure 5  marfdd StSBCE‘celiIP.l’FQ’é’rcombBﬁnﬁe' rﬁﬁéc‘?g‘?”ta PReERSE ioF
' utilizing a material which absorbs water and swells to
form a water insoluble hydrous gel, for example, a
method of applying a crosslinked polyethylene oxide
15 (soluble in an organic solvent) to a porous sheet by
. way of immetsion, cqating, or spraying or a method of
adding lower-substituted carboxymethylated cellulose or
polyvinyl fiber by mix spinning or mix weaving.

In the present invention, the layer which is insoluble

20 in water and capable of absorbing water as mentioned
above is preferably applied on the surface of a porous
sheet and/or the surface of a liquid passage to come in
contact with Oil-COntaining_watet;' however, it is of
importance that there is no lowering of the porosity of

25 - the porous sheet filter after formation of the
water-absorbing gel layer. In the selection of one or
a mixture of filter materials (having a sufficient
porosity), the porosity must be taken into_account. If
‘the amount of water transmitted is too large, the

30 efficiency of oil-water separation drops with an
‘increase in the amount of water leached out. When the
‘amount of water transmitted is too small, on the other
hand, the rate of oil-water separation drops sharply.



preferably applied. Use may be made of other methods such as those
conpri si.ng the steps of maki ng a non-woven porous sheet by forming a

m xture of heat melting synthetic pulp (polyolefin, nylon, polystyrene,
étc.), and applying synthetic pulp thereto by a heating process, or
applying a crosslinking conpound such as urea - fornalin condensate,
“mel amine - formalin condensate, epi chl or oky@r i=n conpound, nmet hyl ol
gr oup- cont ai ni ng-conpound, divinyl sulfone conpound, 15 etc., to the
porQus sheet by coating, immersing, spraying, etc., so that the filter
function will noInbehhogmesanurmnvnntiomanﬂt iaedpedcablsh@m:nnbwuﬂe a

present nventi opuffiebe pRGSesd Y NShbAnCIRY SRACREInEHELL) theS

pol yet hyl ene, resin threa est er ol yam de or
of inorganic fi be¥§e§ crp%stbﬁas%ﬂfl HéParé&ﬂ-&l‘h cf‘W‘BE*" adneh og @ of a

fg\r/fggts:g ﬁ OL SZufguaf:épénihbefuﬁbﬁuhesoiuac@me@wﬂggcfmaﬁmment ]gf the
0GEeSS I n oraer eci,fic

wat er abso?blng ges Pﬁ?ipgwﬁpﬁ%ﬁhy 3?% ?F&ﬁ%%m?im”ﬁﬁi 8fc Forming

exanple, this prahessvatsen-rqﬁsmtmgi elusi NBor akeixamplies Ny dg@uptsiadtc as :

pol yet hyl ene_am gy gP| p&.ora@yé”f 504 48 eflipotlngy 3p UriBhiltn FUIEdd 30

condensate, or a iI'xing a e suc i n con
mel am ne - fornacompoundeni&P@Phnld@péhﬂﬂﬂteonp@ﬁltﬁ@lﬂ?6§iaﬂ @gentorsieh

sheet, and appl yhg9gt aflc! HE1iB0kem o?'iia smi%heofba%@tddﬁouﬂamwmg,

spraying before and after formation o

er ofr -I npregnatin
it into th¥0gel fapepungmc SREfARE fGF“Fﬁ@n6F555Qﬁbi éﬁy IqéﬁfJ o

invention collecting agent such as a higher alkyl alcohol,

silicone alkylene oxide or fluorine surfactant are
edded to the water insoluble hydrous gel layer.
Alternetively, the porous sheet will be treated with

15 such an agent by coating, immersing or spraying before
or after forming the water absorbing gel. The porous
sheet may have a lipophilic portion formed with the
water absorbing gel layer. Por example, an
‘oil-separating effect by oil collection, growth and

20 separation can be improved by constructing a filter
~material by means of mixed making or mixed spinning of
polyolefin fiber or pulp, synthetic fiber off glass
fiber. '

In this invention, any material hav;ng characteristics

25 sufficient for use as a filter, i.e. material having
water permeability, water resistance, ptessure
resistance and durability, can be widely used as the
porous sheet without any restriction. For example,
board, non-woven fabric, paper or foam sheet can be

30 used. Non-woven materials such as paper or non-woven
fabric made mainly of cellulose fiber such as cotton,
rayon or acetyl cellulose may be used after- being given
the characteristics  of water resistance, pressure
resistance, durability, etc., by reinforcing treatment

. 35 such as described in Japanese Patent No. 659628, With



dvant ageously of snmall size. For exanple, the porous materials may
)y be arranged in multiple 5 stages. However, it is npst .
ferable to make structures having a nunber of snall passages formed by a <
ack of alternate flat and corrugated cardboard sheets, form ng an array
of alternate inlet and outl et passages separated by porous cardboard or
simlar 10 structures of the porous nat@r+«al. A nore conplete
appreciation of the invention and nany of the attendant advantages thereof~
wi I be readily obtained as the same becones better understood by ref er enwé
to the foll ow nporieuai isheetesmadpt 0fn wakan 15abricomsucteras fildtegonnect i on

with (the acGUmnYERd dedtidiiia VHeLRESrclndnt! dah DdICERIELed! QY OF the

oi | contanin ter- processing system.in one odi nent . of _the met hod
of the.preserithe npaterdadl d¢selfr; ’gaszchéra%tﬂws s?%u%tew @Prt he.

suction portf%lﬂé¥¥53 | dudheas YoaLet Eéﬂis@ahée@ peekitpel side viewof a
first exanple of coal esci.ng. unit. Ehg S.a secti naI | an- of Fig. 3;

25 Mg 5588k tr?é?"sﬁ)'ectl evehs o E&ﬁ'ﬂﬁ? LRSS dfent used
inthis i nverﬁnmr&bm éppliedpl awse emnylbesmamte r@f ooehendmfthblds

cxpl o ni o1 kg ; ShoBeS cdmbet SR LS Wil B FYHo 0B "0, 2 0
Fig. 8 is a Jon+iwowren spdcouseshget hbyeffanmingt ,aofmﬁmﬂeﬁ ep€nheatown in
Figs 5 t07. pertihg synthetic pulp (polyolefin, nylon, polystyrene,
10 etc.), and applying synthetic pulp thereto by a heating
' process, or applying a crosslinking'compound such as
urea —_:formglin condensate, melamine =-. formalin
condensate, . epiChlorohydrini. compound, methylol
group-containing compound, divinyl sulfone compound,
15 = etc., to the porous sheet by coating, immersing,
spray1ng, etc., so that the filter function will not be
lost. '

On the other hand, the porous sheet of the present
_ invention can be made of synthetic fiber material such:
20 as polyethylene,-polyprdpylene, phenolic resin thread,
polYester,'polyamideth-of inorganic fibers such as
glass fiber, cetamic fiber, asbestos, or of a composite
of such various fiber mixtures.

In a prefetred embodiment of the invention, use is made
25  of a'-_fixing process in order that specific water
absorbing gel layer will not separate from the porous
sheet. For example;, this process is implemented by
- using cation fixing agent such as polyethylene amine,
epichlorohydrin polyamide, dicyanidiamido - formalin '
30 condensate, or an.ahion fixing agent such as urea -
formalin condensate,'melamine - formalin'éondensate in
dependence . upon the type of the porous sheet, and
applying it on the porous sheet by way of ‘coating,
immersing, spraying before and after formation of the



Fig. 9 is a schematic draw ng indicating another enbodi nent of

i npl ement ation of the.present invention; Figs. 10(a), (b) and (c) are
views explaining the process of coal esence to forma | arger drop of oi

5 the oil .cont'ami nated water through the element; Fig. 11 shows a
further enbodiment of the present invention; gl 12 shows one exanpl e of
the el enment used in the enbodi nent of Fig. 11 %0 Fig. 13 is a side view
of a conventional oil-water separator; Figs. 14 - 16 are side views

on Top of and oMb elet ShnuRer SansTRE’ 1R RAES PR, AL HaTRY OO T eC
Figs. 11 and 17; Fig. 17 shows a still further embodi ment of the

i nvention; Fig. e g€ difodan i i
enbod ment of i Te | §18ngheCehE ) drtfoh '&Ef‘?f‘?“%’@ FaseAt, gé‘f’ﬁgﬁtmé‘f

the invention: Fg. agyansagesusdyef, Gf“atlﬂ-e ¢ 2%ent FOLc £XIMR §di ment -

of Fig. 19; and ;FwouiJm@eawisrmayeu&mbiysbéaarnengaa ¢ndmalltipde2s
el enent of Fig. 20. Fig.

| ,out] d
i nvention,3in \Akﬂ'&?\g?l%rrerémiﬂ'le s 3t i ﬂgfgr 4%%1#2&{%5[{;?0:%@2&?&2 this
cont ani nat ed maistruahureslhawmngnanmmmbennaf smanlspaasegeaufo:medugw a

auction port qu%prg%%tc@':of aé@%gna@&e .ﬁi’f%f[ gg pq.lr tPé”%nEal-Qﬁohi

construct ed as Ol ne
t ake-out tube l0sheets hefgmntlom and array of %tamﬁ’éﬁr ia%etpﬁaée%@lle\ﬁ t he

liquid Ievel 'n;wfs&ée&'es Eétéé”ﬁy1€6r0h5SbﬂﬁdbbaﬁdobteBiﬁilaﬁder 105,

is a 35 weir c I nder Vi n | oat 10
10 ructures of @h gorous mater? 1.The wWer T

A more complete éppreciation of the invention and many
of the attendant advantages thereof will be readily
obtained as the same becomes better understood by
reference to the following detailed description when

15 considered in connection with the accompanying
drawings, wherein: . _
Fig} 1 is a general view of the oii contaminated water |
processing system in one embodiment of the method of
the present invention; _ :

20 Fig. 2 is a sectional side view of the suction port
equipment in the system; o
Fig. 3 is a sectional side view of a first example of a
coalescing unit.
Fig. 4 is a sectional plan of Fig. 3;

25 Fig. 5 is a perspective view of a second example'of the
element used in this invention;
Fig. 6 is a plan view illustrat:.ng one end of the
element shown in Fig. 5;
Pig. 7 is a plan view of the element of Fig. 5

30 _explaining the condition of o0il contaminated water
permeating the element; '
Fig. 8 is a sectional side view of the embodiment of
the element shown in Figs 5 to7.



\1 - cylinder 107 is freely and vertically novabl e such that the brim of

d weir cylinder is positioned slightly below the tiquiid level. Thesweir

fi nder 107 provides conmunication with the take-out tube 104. This brim

5  the.weir cylinder 107 nay be forned so as to be flat, but _
uneveness 108 of a saw edge type or notch type is preferable. The suction

port equi pnent 103 enabl es automatic absortitlon of the high oil _
concentration part at the surface .of the 04" contam nated water 102 in 10~
the crudé water tank 101, and is construct ed to allow oil contam nated

water 102 to flow ipn fromthe u I ch
noves in accoFaﬁncegvmiFn ﬁhaﬁt"glb 1$hgr%é'id&e \Mﬁdt"ﬁ?élllh %négg?gge by way
of the functlenboﬂimehltoatf ii@lemequmtpozﬁe tlie msm pbnvenqimpment 103

is to move th ct ag rotq,_r)ce e uid
| evel so that Eti'ﬁg w&gﬂ r#thn}at ﬁawater 3v| h%e cont ous i?tg}s]u%éé
fromthe hi ghpcpneeonosmqoat enge £ farm a AARIRE fAxeR P£\R1i1oint he

crude vgter 2gpe o&in%ot&%ratﬁiﬁ@wfwaw} W HUGHTR R @Témépynt When itens to
be vvashed are.put 1nto or: renoved fromthe crgde Wat‘bé tank 101. The

t ake-out tubeFig84. okl BDOWS:(3 oFUFher ogmBREiReDs3 tPFB88RE i pe
line 109 outsmeehheoﬁr.ude wat er 25 tank 101 and is connected to a -

T Ehe o | ookt % RS opReT AN L N IEfle" B16RREC JAUF L, FhET" S

conventi onal bubuﬂ:.pendtuufsriﬁme ld.lzl cont am nated water fromthe strainer

110 pasiss 3oglgﬂ O@“QQ 3 Rf elﬁzwa 5%”9 Ebavaiit bl PCoiidvapdrent er s

2LYK.

atron” tan
separator;

Figs. 14 - 16 are side views of _alte:native

construction‘._s of oil-water separators which may be
- mount:ed on top of and connected to any one of the
15 settlmg tanks shown in Figs, 11 and 17;

Fig. 17 shows a still further embodiment of the

invention; -- coalescing vn;

Pig. 18 is a side view of the%@"’ﬁé&-)ﬁ.n the
, embodiment of Fig. 17; _ : S -
20 Fig. 19 shows a still further embodiment of the

- invention; : _ _

Pig. 20 is a s:l.ae view of the element used in the

embodiment of Fig. 19; and

Fig. 21 is a plan view illustrating one end. of the
25  element of rig. 20.

into firs

Fig. 1 is a gene:elloutline of the embodiment of this
invention, in which numeral 101 is a crude water tank
to store oil contaminated water. The oil contaminated
water 102 is taken out through a suction port equipment

30 103. The suction port'equipment-103 is constructed as
shown in Fig. 2, by which outer cylinder 105 is joined
with take-out tube 104 to the bottom and fixed at an
appropriate place below the liquid level  in the crude
water tank 101; inside this outer cylinder 105, is a

35 weir cylinder 107 having a float 106. The weir

s



-

concentratlon oil and high viscous oil are renoved here. A first flotatjpon ¥
tank previ ding as high a coal escent effect as - 12 - possible wll @
“used. The oil contaminated water is sent to a coalescing unit 114 in the
form of a redyced oil charge, as much of the high concentration and high

vi.scosity oil is renoved as the oil contam nated water 5. passes through
the first flotation tank 144. If there is pnoypossibility in yielding high
concentration or high viscosity oil in the oil contami nated water, the '

first flotation tank 144.can be eliminated and the oil contaninated wat er
Lron1ghe punF LH?IEhaéhrEGVL!sbfrégly anﬂnvéxtiéaﬂrymmcmabhg gsach théat 4
i g is alon cti.on Sij u an
Fig. 4 is a cros %Ef‘ané?? V/?’eﬁl %#ﬂ/ﬁgegaggs % 6'?&1 % 9ﬁﬁx has
a mddle flooriﬁblcw the bmqubdldbvalcyhmhhlwﬁﬂroamkmndsrtb015provi6931a
assage chanber S [ e nt e r t he
P 9 Oéégﬁn 'femen 1&1#2 téﬁ’é 050 | Bubb®168 i'hggl %k?{ﬂog?

m ddl e fl oor formed over the
117, with ihanbeq:hqzneaccsmmurnd%? dweéeu fgrapdmse amitqnbenthas,

porous material phg4 @ReVEhEHs2188 of Sd)eﬁaﬁ' Edg@o&l '619 héY6h Bgpends .
wat er perneabl e ‘and absggglng gunctlon I S Eg L %ﬁgyre OE elenent
121 is the same BRe%eEAb Ihey BiFhiop a"é nfqu ﬂ?“ r 8RR

cylinder 123, mmmaforanslomptbonabt theougigthodts éddcentrabtonepact

Oylinder 1231 & o<t GRUREARRoF e (8} reoRt Rtphad FRARPILOACORR 0,

t he upper Hhd ofthédecrude wasers tankerlolw andails constructed choaaldpwnent

hol der 125 0il contaminated water 102 to flow in from the upper
end of_the weir cylinder 107 which moves in accordance
with changes of the height of the ligquid surface by way
of the function of a float.
15 The purpose of suction port eqqipment 103 is to move

the suction port in accordance with the change of the
£luid level so that the oil contaminated water will be
continuously”sucked_in from the high oil concentrated
.- surface part, as the fluid level bf_the crude water
20 tank varies about 100 to 300 mm up and down when items
to be washed are put into or removed from the crude
water tahk'lﬂl.

The take?out tube 104 of the suction port equipment 103
_ passes thrbugh'pipe line 109 outside the crude water
25. tank 101 and is connected to a strainer 110. The
- strainer is mainly provided to remove foreign elements
in the o0il contaminated water, and the strainer 110 is
‘Selected from conventional known products.

The oil contaminated water from the strainer 110 passes

30 through a pipe 111, a pump 112 énd a pipe 113 and
enters into a first flotation tank 144. High
concentration oil and high viscous o0il are removed
here.~ A first flotat;on tank providing as high a
coalescent effect as



igThstalled to fix el enent 121. Al so, an 30 appropriately wide space is
' peri pheral side and upper portion of the elenent 121, Futher

pd to the
I i s appar
connected to

atus, each end of the inlet tubes 127a and 127b whi ch are

a changeover val ve 126 and are attached to open into the

inside of elenment = - 13 - chamber 120 and the passage chanber 118, and

simlarly eac
‘to a.changeov
when in use t
ei ther tubes

the other res

h end of the outlet tubes 129a gnd 129b, which are Cﬁnnﬁcted
hé& pi pe line 131 such that

er valve 128, mhich opens i nCol
he changeover 5 val ves 126 and 128 are opened so that

Sl 0t G0 ' R, Fha2ey R0 RTaBRR Roa 8T ™

changeover valmﬁ_Zﬁl% omheaetlnqounipl a4l ﬁ.neth&Ofbrm‘dfha reduced’,

952 7T 0 R LSRRI AL,

the 10 out
whi ch | eads t

wat er fromt hé%ﬁ%i‘f-ﬁe"i&d@ I M°Yﬁtloa§h§h9npﬁ-llGﬂmeth%mMch
tube 12% or
126, such that, fl ow out

0 a otalon tan e uni

_—

-

and

pa/dses oifbish { €né NeipBer 21608t 26n! BRk5144.CN22IRNGe Val Ve

I t he, up anc
flow occurs i % MnRIRES Bmt%r ﬁf?ﬁainﬁzgégﬁaﬁﬂnFﬁ“{tﬁétém Oy -
S|tuat|on(mﬂfhigh(xixcosi@yfobm1inethemeilbconehmﬁuheeEZthﬁﬁlYEN@ le flow

%lggb%]angeover va?%giéI %8% éu§§8;£;ﬁ§n8§¥d\/|r a%‘r‘ﬁaf’é' wat er

passing in fr(ﬁﬂﬂmnitﬂf%dﬁt%ef!math¢OMSl$Homyb;lizesaI].ydbur row from

occurs in thr
operation of

the pasasge chaftered hd Nowthsdivg OpRPENE1419. the holes 122 of the -

cylinder® 25

15

123, perneatlng t hrough t e naterlal 124, -t hrough the

Fig. 3 is a longitudinal section side view of the
coalescing unit’114;*and'Fig._4 ie“a'oross-sectional
plan view of the same equipment. Unit 114 has a middle
floor 117 at the bottom of a cylindrieal case 115 to
form a passage chamber 118. An opening 119 is formed
in the center portion of the middle floor and an

‘element chamber 120 is formed over the middle floor

20

25

117, with chamber'lzo'aocommodeﬁing a oOaleecing
element 121 which has porous material 124 on which a _
specific coalescing layer having water permeable and
absorbing function is formed. The structure of element
121 is the same as that of a conventional element.

That is, a round cylinder 123, which is formed with
many through holes 122, at the center part thereof,
porous material 124 is formed in a zigzag shape and the
cylinder 123 is positioned over the opening 119 of the

- middle floor, and the upper end of the case 115 is

30

covered with a lid 116 to which an element holder 125
is installed to fix element 121, Also, an
appropriately wide space is formed to the peripheral
side and upper portion of the element 121. '

Further in this eppnf&tue.'eaoh'end of:tne inlet tubes

127a and 127p wnieh are oonnected to a ohangeover valve
126 and are attached to open into the inside of element

occurs only mhen

-t



Branch tube 129a and exists to pipe line 131. Al so, when changeover val ve;

126 and.128 ‘are shifted te pass the oil holding water fromthe branch tu

127b, it flows as shown by the dotted arrow mark to perneate 30 t hr oug¥L

fhe material .124 fromthe outer side and enter into the cylinder 123,

- through the opening 119, the passage chanber 118 and | ower branch pipe 129b -
and passes out to the piping. In other wordst3 by changing the flowin and -

fl ow out position with respect to the 35 unit 114 by the operation of

chapgeover val ves 126 and - 14 - 128, the direction of oil gcoptani nated
wat er per neat i nghambergiatand dhePassage ghanher 18y, And; ?f‘BHﬂ?Eﬂﬂ'nat ed

oLy (he b | e g e cone lored
e coal esced, qi |l conten ut_a inely divided and scattere

oi | “of the size CRReY %%"S’f%‘?"&‘ j & vo%iiﬁfel'&%%g?ﬁ"éﬂdfﬁg%l ect ed
by ]E he O:jl _ jselﬁarta;u‘ei Qilip‘emdtrieorlaﬁ givh atiatowindn clrenese the cchahgédvenhi ch
Is formedwth a_coal esg ' vi gl t 0 Fucr ey nd
absor bi ng5 functvlag' ’es 3%51%'#;&% fq-%ol %ony%rg{m%éi%jf%hgfcoar sbe %2751
particle which amd 429wz daibes {1370 anthdl29b Aaxerepen atitthecsanethis

floating char aCt;‘iHheStér& Y |rapditd ve el dnd SR Bét Obubes Cbé Dig Of
the gel | ayer ont edggrous 15 - “material 124. - Moreover erneat1 ng

through the el efdesedy The Jalst igide changeqipr Yatve é n type oil
drops which wver athiaditid ¢ @ Pitw AingABE frobecliepumb cTl2grand them a

Cont am nat wnCHETas, S ARATIRPITH ARhvE A% R AR €7 APER® os

wat er and coarsdimie 131 which leads to a flotation tank 132.

In the unit 114;.011 contaminated water from the pipe
line 130 flows into the unit 114 either from branch
tube 127a or 127b according to the operation of the

15 = changeover valve 126, such that flow out from the upper

' branch tube 129a occurs only when flow occurs in from

the lower branch tube 1l27a, and in the contrary |
situation outflow occurring from the lower branch tube
129b only while flow occurs in through the upper branch

20 tube 127b. By virtue of the operation of the
changeover valves 126 and 128, the o0il contaminated
water passing in from lower branch tube 127a flows as
shown by a solid arrow from the passage chamber 118
through the opening 119, the holes 122 of the cylinder

25 123, permeating-through the material 124, through the
branch tube 129a and exists to pipe line 131. - Also, '
when changeover valves 126 and 128 are shifted to pass
the o0il holding water from the branch tube 127b, it
flows as shown by the-dotted arrow mark to permeate

30 through the material 124 from the outer side and enter

| into the cylinder 123, through the opening 119, the
passage chamber 118 and lower branch pipe 129b and '
passes out to the piping. In other words, by changing
the flow-in and £flow-out poéition with respect to the

35 unit 114 by the operation of changeover valves 126 and




| cl es throhgh branch tube 129a or 129b and the plpe I|ne |nto the next
flotation tank 132. Now, in the oil contaninated water, many t ypes of

- admi xtures (SS) such as suspension and snal |l dust are*generally :
TCcl uded.  Therefore, the element will be choked so as to cause reduction -
of function during servicing. |n many conventional systens, operation of
t he 'equi pnent was stopped in such case t e- viagsh-t he 30 el ement so as to
recover its function, and this resulted in a reduction of processing ~
ability to a marked degree. This invention has solved this -

'def|C|egcy spliesqi dhe, &irentianeoﬁbbéltbenaamﬁus?udtﬁrter péfmea?fng 1
Che ol ament. SHESH3N, s, ALene Rk AL HOANST " Dilation of o

changeover valves 126 and 128 to divert the inflow 5 bet ween the br anch.

tubes 127a a“ﬁhéx%?%ua%xgﬁ%éé@%@é&wemwhh%nw T udgiopyq 1298 and

129b. ‘The mani pul ation ese angeover, val ves causes t oi

cont ani nat ed RREBeatgspEhroughsthe, e F 19 AB®w nark and

dotted §i ne.aébam/esaéu i#410'contiént ~ But Tdmsor meresw Biowdeausesd SS
attached to the pg I t.e t the ro of tgﬁ Bor%us mat eri.al. 124 to be
sEedlaY, ak

renoved. Mor 859 a‘?q hes; ia"r?d Atik-1¢ FhsFongkres

attached to tpositmvééyeoaughtuandbcammanhaﬂebm shpammmxbégatsM£on
reversal of f B s f gD n Q1°

coal escence a#t Wct%gng:f Q{ oféggfoﬁro%sghg \%lgtghglt 1 tqh% c}%%{eﬁgl on of
the flow of ofprwedtw haﬂesoﬂéﬁéﬂiﬂghdamgﬁ[RHQﬁliiﬂgﬁatWEt%hangeover

val ves 16 angelf@alRngbean@’ f bEBELIRGUAELNCELbA!, 28naStehéi shefl ti e,
collection grows into a coarse o0il particle which can
_automatically float, and is separated out due to this
floating characteristic as well as due to the oil

- gseparation function of the gel layer on the porous
15 material  124. Moreovdr, by permeating through the
element, bY'virtue“of its special function, emulsion
type o0il drops which wete'hitherto”ssnszdered unable to
be separated, grows from a coarse particle to a coﬂ;se
sized drop which can be removed.

20  0il contaminated water thus-permesting'thfoqgh the
| element 121 is rembved as water and coarse oil
particles through branch tube 129a or 129b and the pipe
line into the next stage flotation tank 132.

Now, in the oil contaminated water, many types of

25  admixtures (SS) such as suspension and small dust are
generally included. ' Therefore, the element will be
choked so as to cause reduction of function during
servicing. In many conventional systems, operatzon of'
the equipment was stopped in such case to wash the

30 element so as to recover its function, and this

' -resulted in a reduction of processing ability to a

marked degree. This:'invéntion has solvéd this
deficiency splendidly, so as to enable the eﬁuipment to



20  after collection of an established amount, or by the increase of fged}
wat et pressure; however, -autonmati c operation can be adopted by
i;nterl ocking the gperation of the valves 126 and 128 with a tiner, a flsu

neter, or-a feed water pressure gauge.. In the so-called 25 reverse’

washi.ng operati-on which will be perfornmed. by reversing the direction of

flow of oil contam nated water, renoval of ailsparticles fromthe el enent

is effective as well as is the pressure | oss at one elenment so as to be as
| oWs-@1S about ‘0.1 - 0.4 kg/cn2, which results in a good water perneating

Effllercy and 3?e oﬂdﬁi&é&webﬁtiﬁueu?ayemﬂhﬁuﬁU@sﬁuﬁpingowq@umpanxed
Cenerally, in oi ara oi ely divided to reduce
REBRCRERGet or, Ehe plépent

coarse partlcuIaV? i'ng wat.er pressure
I ncreases; homever |n this |nvent|on a | ower pressure can be used as

stated before, Sfn@® gtaiphsﬁ%mcaw 'bér@gwgwa bLER! Kndl Hafidu13Rd G BE !

in a synergistic tte ticul
particles. Fig. shaneeggﬁroglvss|AaﬁcanéslaﬁotﬁeﬂigsaﬁpW@ebﬁnQAQW

| errbockii rr?nt.?of t hSe&#llééﬁni:hcéi“%rta‘iﬁl’FGﬂdwl g@@%ahmw nahhe ther rddtfflfbv%
K e o vegh “E. braah e nEaee o ik S A O i &Y O
used as the el enmahipalabion of Eu;séicﬂangaaﬁememalﬁés causedeume;ﬁIdW1_
P et B P LT SHR A R 8L, 3 bV FedefqTaf0RE Y
corrugat ed boar dgsoliid dineharzawemarkeand dotsed ddae arrowhamagxky ito form
:Ogrsnl nated gyructpig, Haki ghiP Yeverfal B1ol dWiEA0°8s 14€tabRellto the
: face opposite to the flow of the porous material 124 to
be removed. Moreover coarse particles, and enlarged
- 0il drops which are attached to this surface will also
be removed and separated by this reversal of flow.
15 Both sides of the element serve equally for coalescence
and enlargement of oil drdps ‘notwithstanding the
direction of the flow of 0il contaminated water.

The manipulatioh of the changeover valves 126 and 128
may be performed manually afrer an established time,

20 after collection of an established amount, or by the
increase of feed water pressure, however,_automatic
_operation can be adopted by 1nterlocking the operation
of the valves 126 and 128 with a timer, a flow meter,
or a feed water pressure gauge.. In the so-called

25 reverse washing 6peratidn which will be performed by
reversing the direction of flow of oil contaminated
water, rembval of oil particles from the .element is
effective as well as is the pressure loss at one
element so as to be as low as about 0.1 - 0.4 kg/cm2,
‘which results in a. good water permeating efficiency and

30  therefore allows water feeding under low pressure.

Generally, in oil water separation,'oil will be finely
divided to reduce coarse particulation separation as



betyeen those plain board and the corrugated board. Either the tob o the ™

tDpm end of respective fine 10 tubul ar passages: 142.forned as.noted
ag ve are plugged by el enents 143 as shown in Fig. 6, to allow each
nei ghbori ng passage to "be. oppositely -plugged. Consequently,, the oil

an¥am nated water coming into each passage 142 is caused to flow only by
perneating 15 either plain board 140 or corrugated board 141. The

pl uggi ng 143 can be acconplished by an arbit®ary nmethod such ‘as pressed .

adhesi on using adhesive, or filling the opening with adhesive filler, etc'e
Fig. 8 indicates coal 3$c.i n el_gi_i pment acconyrodat:i ng'-t he ig) . elemgnts as
shown in abovéhe gfeeding WALRF nBRFSEHFSUPPFOFRECE84 aPWSHSFd R the

_ rr}ddl e floor %thid an?ﬁ-.wnthe Wmﬁsstﬁme;hhndﬁ'nﬂée&a&s statedThe

el enents 121 ar aced on_this_m e org 117.. and a feolBec s ity
133 is forrred%f%(’}&?'tr?e"e?% Rt ?ng%f‘% I?ri 5&%&@%&75?“?&3%33%&%?%,
129b. are respand resuldpdmd tsynérgistibegef fechblor 1betted charsevity 133.

The oil gcont a?ﬁal}%tjh%l\ﬁtiqﬂ?fdpvgy '&{{ gi ther~branch tube 5 127a or
to t ' ;the e

127b enfers i e passages -l nds ol which are opened respectively
as shown by the solid line arrow mark or the dotted-line arrow mark, enters

into the nei giyey,i 'Y PRESIGRS PR M8alind] datRdd| didtheer exdiPler ofhehe
corrugated boar A1, .ente..s-ﬁhnto-.t he 10 p@isageihar?er +118,0r the
cavity 133 th "t"}?é‘top%ée gnglepent, and, khe coalascing LIRLPRERN « he
branch tube 13%a tte 1£8bm dfecasstackunf @ltdrndteit £laypandl eoepugakadas
shown by Fig. tdr | O | S . 3 leleng. ; 1 ' '
convent. onal Egrﬁ#ﬁ%ﬁ ué: %Fegaésés%{mﬁ ﬁi#ﬁg&%é‘gg&hg@e tnlet and

. 10 outlet passages separated by porous cardboard are used

as the element as shown in Fig. 5.

‘This element 121 is made of plain boards 140, which are
made of porous material formed with a coalescing layer
having a water permeable and water absorbing function

15  and the corrugated boards 141 of the same material are
placed alternately to form laminated structure, making
many fine tubular passages 142, being positioned
bétween'thdse'plain board and the corrugated'board,'

 Either the top or the bottom end of respective fine

10 tubular passages 142 formed as noted above are plugged
by elements 143 as shown in Fig. 6, to allow each
neighboring ”pQSsage' to be. oppositely plugged.
Consequently, the oil contaminated water coming into
each passage 142 is caused to flow only by permeating

15  either plain board 140 or corrugated board 141. The

| plugging 143 can be accomplished by an arbitrary method
such as pressed”athSibn using adhesive, or £illing the
opening with adhesive filler, etc. |

Fig. 8 indicates coalescing equipment accommodating the
20 elements as shown in above Fig. 5, in which many
through holes 134 are formed in the middle floor 117
located on"th:é' bqttdm.'bf the cylindrical case 115. The
elements 121 are placed on this midd_le: floor 117, and a

-



ﬁrg:_4, and their application as shown in Fig. 8 is easier to nake smal
equi‘pnert, and the use of -this type 1is nore practical. Speci al ly
§na|1er configuration is indispensable in the case of limted 20

i'nstal lation  space as in the case of. nmarine application, and t

i nvention can conply with such a stringent installation condition. As

stated above referring to Fig. 1, 'oil contanmlhated water is treated such

that coarse particles are 25 separated and float in the water through

operation of coal escing unit 114 and flows into the next flotation tank 132

Thr?Egh the p:mtd¢ﬂEg1B13 ise fidrmest i Apovenkhe3zlements ol2hny REBARD: ype
n I s exanpl e, | ' r i arg4 0 1T to

RS £214Y €978 4R QdodATidgy ogr éOresplativalyy oblsisl

t he upper porti neans o elr differe i n_densi,
and are taken irt® tive opasgagecchangesy Lilfyand #he cAVIHE g%ger BgFt°éhy

tS th:gfa anthBtng Q:G mx\?iex?&ti%‘d Ilﬁéduff %'ihﬁﬁbﬁégfﬂ f’:t:om181tnursbdanchtubbi S
, s le 0 .cru wat er tank , r_di arged :
dWsi de. Phe abo\?e7%x‘_a¥rp|137pncﬂ‘{%ﬁte% B%SE eoﬁw&%ﬂ%ﬁoﬁaégs? m as
aoumt of tlhf' C?ﬁ-{ﬁiﬁil ?geeﬁﬁmb t respectiiellge a5 eshawni byenthensolid '
wever, multistage water flow,by series i | lyat ] al | t he
‘coal esci ng uni s REBYYL f“gﬁkt aorﬁiséhgyngikl?n}qyfg}éP{%vgdﬂggg" gﬁeggtgi ve
results accordiimto tthet heighboeingapassages pemneating othenplaip board

nciuded WD b or UL cGrriiiied!Bofra e ehtetls BHEbeEhe coarse
parplculated oiT""is Tenove rror to the next c gle50|n interim
resi stancd®f oipassagec chambes okl s afei Bhepsaitip) i_?eo‘i}b‘éﬁj%d e oi l
separation opened endsof the passages,6 and flows through the branch

tube 129a or 129b.

The structure of the flute typé element 121 as shown by
Pig. 5 through Fig. 7 is more efficient than the

15  conventional common structure as shown in PFig. 3 and
Pig. 4, and their application as shown in Fig. 8 is
easier to make smaller eguipment, and the use of this
type is more practical. Specially such smaller
configuration is indispensable in the caSé of limited

20 installation space as in the case of marine _
application, and this invention can comply with such a
stringent installation éondition.

As stated above referring to Pig. 1,‘611 contaminated
water is treated such that coarse particles are
25 separated and float in the water through operation of
' coalesCiﬁg unit 114 and flows into the next flotation
tank 132 through the pipe line 131.

The flotation tank 132 can be of any known type. In
. this'example, physicaliy enlarged oil particles _
30  naturally float to the upper portion of the tank 132 by
means of their difference in density, and are taken
into an o0il collecting cylihder 136 from the upper part
of the tank 132 through a pipe 135 or discharged



e inproved. Therefore, adoption of suech m#ltistage ¥5 -- water - flow ~-——
tem is desirable as far as the installation area-permts it. Feg. 9
icates the outline of this nultistage water flow system in which oi

contam nated water fromthe crude oil tank 101 passes through the first
flotation 20 tank 144, then passes through a water flow system of

serially and nmultistaged coal escing units and flotation tanks in the order

of the first coalescing unit 114a - the &iggt-flotation tank 132a - the =
second coal escing unit 114b - the second flotation tank 132b, and feeds 2%

al nost conpletely separated oil - into-the oil collecting cylinder 136. -in
this case theowtsideom Abe thimerspage, othehdreated wabent isnlednkdl32b is .
fed into the qi cti cylipdensl gt 1y, nual ly, and the
processed vvat%?é f‘?‘g#?h‘ééﬁlg\rf\eggggr gb%f g? hgﬂ%ggg%(g(é?o&t%rﬁdg.at ion tank 132b
flows into the crude water tank 101 for the case of circulating use, and is

ot herw se d'ﬁﬁh@f£535e1$&§m§¥?tfﬁhiéaﬁ@h 8"b4s2eee4at Galter the efficient
- 19 - transi-ent processing of oIl contam nated water, Qut al sg
denonst r at es $API=HetoR| ﬂﬁggﬁ_‘ﬂeﬂ?oF BRLECPE; ﬁhFhé“?ﬁll&sEg&_ G EWABRARLs | fi ed
1; i nel ylsil vi degle ?theg%ﬁéth rrﬂedxtmﬁft%nl.nc][m.e@? [ m_tmleisebtg& saarﬁddh:er tlhgn
m cro re. e effect of .a.surface activye e n i.ch cou
not be attai r@%ybﬁﬁﬁ%?ﬁ.nénﬁww ?gr %xgﬁﬂ‘;@,]." hgg% S
experi nment al Igoabedcimgdunihat anide flotatiomt tankagmd§o ie0@anymaaisds ght

i be 1 o : Y h o
The tast specttidit FOn 3FeekRivEr adaln g | £0bPRaR CRdl, Hhey OO 1!

I'p'S equl pient in accordance w't e
| NCO- Convent iancentration sa nybscosity of the oil included. With

10 such a multistage water flow system, coarse
particulated o0il is removed prior to the next
coalescing, inter__im resistance of oil in the next
process being.pésitively reduced and the oil separation
rate improved. Therefore, adoption of such multistage

15 water flow sYStem;'is desirable as far as the

installation area permits it.

FPig. 9 indicaées thé outline of this multistage water
flow system, in which o0il contaminated wate:'frqm the
crude oil tank 101 passes through the first flotation

20 tank 144, then passes through a water flow system of
Serially and multistaged coalescing units and flotation
tanks in the order of the first coalescing unit ll4a -
the first flotation tank 132a - the second coalescing
unit 114b - the second flotation tank 132b, and feeds .

25  almost completély separated oil into the oil collecting
cylinder 136._ In this case the oil from the upper part
of the second flotation tank 132b is fed into the oil
collecting cylinder ;36 automatically or manually, and

_ the proceésed water from the lower part of the second

30 flotation tank 132b flows into the crude water tank 101
for the case of circulating use, and is otherwise
discharged. o ' |

This system is not only adequate for the efficient



P memee s

. .

content which is determned as the limt for industrial waste water for -

. enviromrental protection-can perfectly 15 be attained. This invent i _
has. especially, novel features in permtting separation of not only\he
finely divided oil but also the enulsified oil content, because of the
formation of the specific layer mainly consists of 20 wat er i nsol uble

hydrous gel |ayer having an oil water sepamﬂl&nrfunction as well as an oil
resisting and oil repelling function. Al though the theoretical base for

thés is not sufficiently clear, the fol]ow pg reason can easily be 25
surnised from trpasient, PrPgessing,@k, P Ei c%?na}:awa"a%it watergr Bpt oi|
separation ﬁrocﬁﬁ%ﬁ;ﬁéﬁﬁnﬂtﬂdtéﬁthlfspeﬂh?mlyihu@em&mﬁivﬁﬁﬁhw%ﬁ¢rfhe
perneat es through t errent . mat er i.al, r si L Didp icles or
emul sified oil §§ﬂﬁ%§%igqu?%e %ﬁﬁ#%ﬁﬁggérmég%g te#iiid%aeﬂéiéh lightly
onto the surfaceontamiaated: watlerl Anclusding il @articles ismakler othan
repel | i ngsfunct 1oyldy duieBdBy | ehe EE2LEECEE U lsubeat dIVOI d1dReh e
continuously inflowng ol contam nated water are forned as particles
in the other paWhichogoudid iRl hecatbainedahyncanyeantdonsl ckeehninyeq,
and grovvI to bte_csvas& %xam%le%o_tltl;lﬁéﬂfbétbh ﬁeﬁfﬁ?{e@m{ny W%A.yﬁﬁ#
grown oil particles . b, W ont. ot her r.to, grow gnd forma
‘lTarge oil drop b swgﬁﬁ\ﬁn"&ptﬁ%@&&ﬁ 1?23’&4_ .Pp"'l'iﬂfsolei]r?ﬁ%h‘? FIr R®p C
will be sgpart eprocessed totbeavar fthee oflt bontentr ibésd 26hhn Sheppm
repelling actio f _th ri.al ' | S transt.o. floating
condi ti on due tgn?ﬁg s@?#m%ﬁggt i?#éﬁ%@?g%%éfno?he;rg{ge goﬁﬁgﬂgﬁ%@d %\gt er
as shown by theagcosdamgek with the IMCO-Convention, and that 5 ppm oil
content which is determined as the limit for industrial
- waste water for environmental protection can perfectly
15  be attained. ' |

‘This invention has especially novel features in
‘permitting separation of not only the finely divided
oil but also the emulsified oil content, because of the
formation of the specific layer mainly consists_of '
20  water insoluble hydrous gel layet having an oii water
' separation function as well as an oil resisting and oil
repelling function.

Although the theoretical base for this is not
sufficiently clear, the following reason can easily be
25 surmised from its structural chracteristics. The
abstract of the oil separation process is shown in Figqg.
10. when oil contaminated water permeates through the
element material 124 from one side, oil particles or
emulsified oil particles in the 0il contaminated water
30 - attach lightly onto the surface of the material 124 due
to its oil resisting and oil repelling function to form
multiple coalesced oil a, and when oil in the
continuously inflowing oil contaminated water are
~ formed as particles in the other part, some of them are
35 caught'in the coalesced oil a, and grow to become a



C%E) begins to float. And many of these growing oil 10 particles or =~ ~
ops easily adsorb SS, and can renmpve SS as well as oil fromthe oil ®
contam nated water. Another special feature of this invention is that,
because of its desirable SS renoving performance stated above, the strainer
110 placed prior to enter in the 15  coalescing unit 114 is not required
to have such a fine straining nesh to collect'even:fine SS. For the
requi renent to catch relatively |large SS‘Dn?? a strainer of above 30 to 49

mesh will be sufficient for the purpose. The 'conventional met hod g
requires use of as fi nf nmesh.: f go si bl fgvto cat.c renpve SS égere, -and
oi I drops arelPFE® yOY viRPREEI L vca ef t 95P¥ R e830re caused

by PanSI ng thpaEEﬁcletsr ,aiberb, awilll heohtaetonelac;hardtrferesomre tbugrow

emul sified to a t trary,
by this mven?f'l eEperggD% &a&l s?%ir\cgké?nghe%ésit%{ébﬁgrbys %\Neﬁgtggés not -

cause enul sif ldaei.onThis eadarged widaddrop cg,lwisbbabetsenarhed héremar se
articukatin c s ah

bl 51 {Pod o FA0 SuEtaced¥ W‘*r@eiﬁ?hgif 126TRY Y | Ape PRy facelo
Further, hi gh°§re’§!ﬁ|ré‘aﬁ$€-’éﬁ1f egafng h?gr?r\ﬂ“&%’sﬁ“ﬁé ofP t’@"é s?ral ner

causes a. def rabaa@ngl ra:duuiaﬁasxf yauwe €6l kplel igedlf (iloatiweﬂxﬁictiéﬂeln

f
D e anEBemitkd et anindbel’ RRYSC A Shat S B Luisl AEESH: €afkT S o1
SS entrapped andt begdns }tortﬁltdat.at Ard many aof tlieséegedwimgtoilesults in
efficieph rengyah ;@4 e85 oY ”&Qéﬁﬁ‘eeétéﬂy%hﬂo%' sr%, and M afexﬁgve ss

as well as oil from the oil contaminated water.

. Another special feature of this inve‘ntion. is that,.
because of its 'de_sirable SS removing performance stated
above, the strainer 110 placed prior to enter in the

15 coaiescing unit 114 is not required to have such a
| ‘fine straining mesh to collect even fine SS. For the
requ:.rement to catch relatxvely large SS only,.

strainer of above 30 to 40 mesh will be sufficient for
the purpose.

20 The conventional method requires use of as fine mesh as
possible to catch and remove SS there, and oil drops
are fmely d:.vided there because - of the effect of
pressure caused by passing. the fine strainer, and the
fine oil particles were thus emulsified to make removal

25 of o0il more difficult. On the contrary, by this

' 1nvent10n pressure resistance of ‘the strainer is lower,
does not cause emulsifxcation and results in easier oil
separation in the coarse particulating equipment 114,
which enables almost perfect removal of emulsified oil

30 which is prevented from being further emulsz.fied.

' Further, high pressure water feeding for high viscosity
oil to a strainer causes a deficiency in intens:.fying
emuls:.fication'_ how_ever, the invention does not
require high pressure water feeding equipment, does not



Referrlng to Fig. 11 there is shown a flow charge of the nethod accord

to the. present i nvention, -wherein reference nungral 221 stands for an V
el ement, 214 a coaIeSC|ng unit including elenent 221, 251 an oil 10

éxt r act or equipped with a notor 252 and an extracting punp 253, 226 a main
changeover val ve, 212 a main punp, 244 a first flotation tank, 232 a second

flotation tank, and 254 an oil matter dischargg pipe. A feed of oi | :
contam nated water is passed through 15 pre-treatnent device such as a
strainer and the like, punped into the coal escing unit el enent 221 via the
punp 212, the ficausé| canyi obmpedimenti ahbermofami nndhahgcguole valfve 226.

Fig. 121 a | ongjjurk b ectai%rmzé{eoeoaégs ed YR len@lbiy The

coal escing unit udes a caoal escin 215 provi de at its

| ower portlon\MP#F%&%#HdH&f#QﬁWFHﬁ EEFthfBPﬁ]&%ﬁﬂﬂﬂﬁﬁ;%ﬁ%ﬂ%%? ing. An

opening 219 is fefrppeiemt thémoealrot 9srsimaleanebasliyowithoodl’/ over which
S nDunteg%an elenent chanber 220. The chanber 220 is incorporated

2
with the al esc¥ ARt in cluding a porous material 224 on which is
applie d a speC|f|c coaIeSC|ng | ayer . capabl e of -absor bi ng and transmtting

wat er therethro%f %Fﬂg?etg ”é 22111 r’rﬁﬁepg &gerétﬂﬁ cal% nff‘g? ng%ogfwith

the 30 w del y aval e ele Speci ous
mat eri al 1241nw#h%dma§hqénapsnééiasoﬁg|thex9ms%euta103ﬁut&ouy|Wherﬁ@m

menber 223 havi Ngeferende’ nﬁinetzafxo th;ﬁﬁdp?fo@ZZnateltéﬁ’ez&e”tgi
- 22 - menber 223 1S positioned |n gnnent W t Eenlng 21971 n the

flooring 217 anc98 ing unit iWﬂ%F@ ng ehementi224n 2Bpr 8Pr Pdde space
233. aroundgnd aggnradter equipped with a motor 252 and an extracting

pump 253, 226 a main changeover valve, 212 a main pump,
244 a first flotation tank, 232 a second flotation
. tank, and 254 an oil matter discharge pipe.

A feed of oil contaminated water is passed through
15 pre-treatment device such as a strainer and the like,
-pumped into the coalescing unit element 221 via the
-pump 212, the first flotation tank 244 and the main
changeover valve 226.

Pig. 12 is a longitudinal section of the coalescing

20 unit - 214. The‘lcoalescing unit 214 includes a
coalescing cylinder 215 provided at its lower portion
with a middle flooring 217 to form a passage chamber
218. An opening 219 is formed in the central portion

_ ' of the flooring 217 over which is mounted an element _

25  chamber 220. The chamber 220 is incorporated with the
coalescing'element inéluding a porous material 224 on
which is applied a specific coalescing layer capable of
absorbing and transmitting water therethrough. The
element 221 may be identical in construction with the

30 widely available element. More - specifically, the

' - porous material 124 treated as mentioned above is
corniced around a cylindrical member 223 having a
number ‘of through holes 222, 222 at the center. The

N



grent 221, 5 The coal escing unit 214 is also formed with in|et

il et) pi pes 227a, 229a in comunication with the changeover valve® 226
with a pipe 227b for~ connectlng a plurality of cylinders 215 with
other, if applied I't is noted that, where the 10 coal escing

cylinder 215 is of a single stage arrangenent the process liquid
returns fromthe connecting pipe 227b to-tR& ehangeover valve 226. The oi
contam nated water fed by the main punp 212 is passed t hrough the e
changeover. valve 226 as indicated by 15 the solid lines in Fig. 12, S

enters the elmembercR23hds Xrmitpionedtin akiengrntn¥ifyr sbe mpening 224,

and enters a qﬁ$% t hghdegix€@2k §Qbaﬁ cylppedqy £45 from
the outl et p?%f§2§§b via the 02§§|Qﬁ72?gxlﬁftx ﬁ .

e flog 217.
mterial 1 ouhen 168k AR AREFARRASES FPRCS| 33 AFPRRdcand FHOYS, 08
formed in thegpénéne ggiinder 215. This flowis fed to the changeover
val ve 226 via the el ement chanber 220 and the el enent 221, fromwhich it is
supplied into the second flotation tank 232. 25 As the oil contan nated
wat er eiters The ooalesuing unhﬁtZ]lehndSpeahmt dormeduyhthhdmletrent 221,
a di spersion Ngna S ons
bei ng di spers%&p}%{"z f&r#%{l %gbg i%:og esc?e O'P{?ﬁisgogl %ﬁveﬁ“
col | ect ed ow changeovier 3(valve; Iz%ﬂ)s@ﬂﬁ n¥itincai oRiBRde?27Pe £R% i on of the

porous materi 1%?32&9& Wy CBliu%a%&'y eget | m@&efsc 21%/ efrieRPaddeh Of
separati ng oi

properti es. 1g5h$§2;¥§oppséggetg.ht3#§625$ﬁ¥% ttl gﬂﬂggsagPLEgare
- 23 - 10 coalescing cylinder 215 is of a single stage
‘arrangement, the -prbeees liquid returns from the
connecting pipe '227b to the changeover valve 226. The
oil contaminated Watef_fethy the main pump 212 is
passed through the changeover valve 226 as indicated by
15 the solid lines in Fig. 12, enters the element chamber
220, permeates through-the porous material 224, and
'ehtere an element chamber. 220 of the next coalescing
cylinder 215 from the outlet pipe 227b via the opening
219 in the middle flooring 217. A material flow.
20 similar to that in the first cylinder 215 is also
formed in the second cylinder 215. This flow is fed to
the changeover valve 226 via the element chamber 220
- and the element 221, from which it is supplied into the
second flotation tank 232.

25  As the oil contaminated water enters the coalescing
unit 214 and.tpermeates through the elemeht 221, a
dispersion with fine o0il droplets having a size of at
most 10 microns'beihg dispersed, to say nothing of the
coalesced oil, is positively_collected_owihg-to'the

30 oil-absorbing function under the action of'the'porous

_ mate:ial 224 on. which is'applied the specific layer
capable of sepa:atinQV oil from water due to its _
water-ttansmitting and absorbing properties. The thus

e : . collected oil grows into & larger oil dropswhich #m are

*]
:
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" spontaneous|y floatable, and are separated out due to floatage as well
the’oi le.Separating functi-on provided by the (oil-repelling) gel |ayer{on#y
the porous material 224., Wth the el enent 221 having such a uni que
function, it has now been -found that oil drops 5 - in the emul sion form
can grown into larger drops and be separated off, despite the fact that

t hey have been consi dered unable to be isol-«at23l.=- The oil reéaching the top
of . coal escing unit 214 shown in Fig. 12 is positively extracted as occasion
ar;&s&,ﬁ, 10 or at reqgular intervals by the£ 253 i&corporated in the
extréctor 251, spontaneswsly oflnatablend amdt#sr aepattedsout Bueectal |y
~where a pluralite) fQleag?! 88CIHE1YNI &S Ak 208197 5aPARELAgTRUASEESE
manner, an extractor, |'s provided,f each al escing unit” Wth 15 this
arrangenent, th®rovdded R%kithe ﬁagiﬁﬁege%igﬂggi Igeg'oﬂ'@éfrﬁrr a1 Fhe PEQUS

red:Jc_e a | oad amzaltlfed.aqnhzm.suwfi&lf tﬂéfrexé_meihﬁnﬁnl &%vk_iﬁgtb&chgﬁ

coal esci ng uni t n e .course ,of coal escin us in rke

i mprovenents in gUS; T“'itu&c&:"&p'aﬁ‘(; J\ﬂﬁam“! '[CRP%* éﬁ"‘nd %‘1" g%{fn Pt s
214. It h&s beednf cuhed emulsidre Hormi canngodbwaxtinkot dargers draps and be
considerable re i ' e of a i [ 14
concentrated oi %lé%tr?gr%dt hn.hfsff egu?%qt%ﬁe tstg%oﬁ% 5%*% %g?fng“t"g?"‘i%‘ﬁ S

further fed to Songildexsd unabds Hveriislateadmtically separates the oil

fromthe water by use of different levels resulted fromthe different
specific.gravities. conventional gse ariltor by s%i%:fic gravity is

t'ypi cal
30 i |1 ustrat 0 I*P-Ailﬂi y_eagl_ﬁ.ng\ FheetaRRF EPRlegsing: ynit 214 shown

i ntroduced a fedst ¢igqi l2cdst posialivkizntientiacted as occasion arises
10 or at régular intervals by the pump 253 incorporated in
' the extractor 251, and is fed into the second flotation
tank 232. 'Especially where a plurality of coalescing
units 214 are arranged in multistage manner, an
extractor is provided for each coalescing unit. With .
15 "this arrangement, the liquid mixture having a high oil
. concentration serves to reduce a load applied on the
surface layer of element 221 in the next coalescing
unit 214 in the course of coalescing, thus making
marked improvements in the efficiency and durability of
‘20 coalescing units 214.

It has been f_duhd ‘that the provision of extractors
results in considerable reductions in the number of
coalescing units 214. |

The concentrated 611__'matter thus fed to the second

25 floating tank 232 is further fed to an oil-water
separator which automatically _sepa_ratés the oil from the
water by use of different levels resulted from the
.different'specific,gravities. | |

A 'typi'c'al convehtional 9¢pa'rator by speciflic éravity is
30 illustrated in PFig. 13. A water reservoir 362 into
which is -int'roduc_ed a feed of oil contaminated water is



R4 - provided at its | ower partion With an inl et“ -b_brtibn'SéZlﬂ%or, a water |
hscharge pipe 363, which extends vertically fromthe inlet portid 364

The reservoir 362 is also provided at its inner upper portion with an
I nlet port 369 for an oil discharge pipe 368 termnating in an outlet port

| ocated outside of the reservoir 362. The bglet port 369 for the oil

di scharge pipe. s then positioned at a 10 | evel higher than the outlet
port 365 for the water discharge pipe. Such a |level difference is shown at™
“Hd- On the ot bl gt | bdrtPon N'wi £8  HRAPTN 102" igodt itn B64
flotation tanEﬁé%gfngds?%wiF u%p%%‘li%t o fhe reservoir %&?2 tg adj ust nent of
a valve 3321' fier anWakes seharge aRAPRI PP p¥hich, #XRANAR ghl y
concentrat ggz%érgﬁééﬂyl t;r%ﬁp&'tﬁl feﬂhiéwﬁpbbleildhi 36dntand tarminetes im the
reservoir , and automaticalLy- for an ai - et : I on.

t hereof. UporPR h%“Br?tl BOEF #gécﬁpﬁ AP0, soﬁ‘ﬁ%ér%;?oék é%‘ee' Lg)ésiﬁé;r’.f‘géc)# t he

inlet pogtion $62.forhehaesdrvbirhaéleisi mlsmnpyovidedi atnditiserinner

automatically dischar 0 Lhe i OLl.»2692k0 t OWhSi The

treated water -?Pgﬁ_tf r%%“ r‘r&g{&gr sggf %%Q(:?r‘l,ct}nt?g i_o"*'rﬁ'fs:r e_ﬁ%-lers romthe

inlet-portion 8bdchangedeipe 368 2terminatisg ofn waner ontdeky@ITB62 into

the water dischgrgeedl Bhtdide 25! thedreattvant 96 PIINThEC toildictpope! 365
I's note

to the outside. hat, since there is_.a |level,.djfference Hd
between the i nB69 foF:theooid, dﬂﬁéh&i‘ﬁ%i"é@%ﬁg’e theh %ﬂﬁi"tﬁ%“%‘ijt? t3port
365 for. jfe 30]evelaitiighed SEh&NE thieDoutDett ypbee (365t fornwaher water

automatical ly discharged with no renoval of the oill matters until_t
t hi ckness of t Atsgharggy piPgmoufish & 3&."9 AT _s%!h%"f'beaﬁ%@he
oil matters takes pl ace through the outlet port 369 until the oil Iayer

on the other hand, oil matter built up in the upper
portion of a flotation tank 332 is slowly pumped into
the resefvoir 362 by adjustment of a valve 332;'
15 mounted on an’ oil-ascending pipe. Only'_- the highly
. concentrated oil matter is separated from the oil
contaminated water in the reservoir 362, and
automatically forms an oil layer in thé npper portion
~ thereof. Upon the oil léYer reaching at its uppermost
20 surface the inlet portion 369 for the oil discharge
pipe, only the oil matter is automatically diécharged
through the inlet port 369 to the outside. The treated
- water free from oil matters of high concentrations
' enters from thé inlet portidn 364.provided in the
25 bottom of water reservoir 362 into the water discharge
pipe 363, and is discharged thtough the outlet port 365
to the outside. It is noted that, since there is a
level difference Hg between the inlet port 369 for the
oil discharge pipe and the outlet port 365 for the |
30 - water dischage pipé, only the 'treated, water is
automatically discharged with no removal of the oil
matters until the thickness of the oil layer amounts to
Hg. No automatic discharge of the oil méttgrs'takes
place through the outlet port 369 unti1 the oil layer
35 - has a thickness amounting to Hg. The oil level is
always maintained at a level higher'than the water



35 has a thickness anmounting to Hd. .The oil level is always maintai
at *a | ewel higher than the water - 25 - level due to the difference
speC|f|c gravity between the-oil and water parts. The prior art oil-waté
separator illustrated is characterized in that, by making use of such a

| evel deference_Ed an oil matter 5 -can 23 reaned'through an oi
.discharge pipe only after an oil layer is sUréfy~forned, having-a thickness
~anmounting to at |east Hd. The conventional arrangenent of Fig. 13,

Gi soavantage i ieveh dhe°ERxHe A feibicd 1) Rpdnbbihoar i01R Plevasy

say, a level dif¢ioe codd Eandamater npantsncl| iThedl prive vanth péiuwa&nu:

di scharge of wat o] m €p

since there is ;ﬁ%ﬁ’é{%ﬁ%ﬁ bé{i\%edétnrpaﬁeedooéél et Eé%{téée‘& %g for ﬂ ter
di scharge pi pe amakimg use cof psuch3goleval diéfferrngeaBaar anuoipr matges an
o | -wat er gepar azgy B ¢mbvel %rfdtﬁﬁ tdie @ppvﬁmmeegiseamykafmd
can suff|C|entIy egase exa h? éslﬂqa;1 erlencksg &lltlng and
rol ling novenent3® lﬂé?_%r shgs?ﬁ Of. ving & EnEFEPePBew of
one enbodi nent " ofméket DAESESt at NYE€AELORz.2 Wat er reservoir 362 is provided
at its lower portion with an inlet 364 ?or a wat er discharge pipe, and at

its central upper portion with an outlet 365 for the water discharge 25
pi pe, which'is priseticonwentdanalal hyrangemeat: hofolfie: Ich, alAsheugh an

poci ] onod at a §abetEonids 6y %Fgaﬁtaﬁ Fy Rhvh SHALABUEyTEpacal RUS B0

positioned at a |qu

treated i st@i sck@i@%@lﬁﬂ#%ﬁ@h itfhetrh i36c. capnot follow a tilting _
movement. That is to say, a level difference Hq varies

L4, . ~in an inclined state with resultant discharge of a=gpmmt

water through the inlet port 369 for the oil discharge
pipe, since there is a distance between the outlet port
15 365 for the water discharge pipe and the inlet port 369.

The following apparatus provides an oil-water separator
which is free from the above-mentioned drawbacks, and
can sufficiently be used in, for example, shipping
experiencing tilting and rolling'movements.

20 Referring to Fig. 14 which is a sectional view of one
embodiment of the present invention, a water reservoir
362 is provided at itS'iower'portion with an inlet 364
for a water discharge pipe, and at its central upper
portion with an outlet 365 for the water discharge

25 pipe, which is positioned vert;cally.‘ Above the outlet

- 365, there is an opening space 367 which is covered
with a water discharge pipe sleeve 366 positioned at a
level sufficiently higher than a liquid level. The
water treated is discharged thrpugh the pipe 366. An

30 inlet port 369 for an oil discharge pipe is provided
around the sleeve 366. The oil discharge pipe-inlet
369 is positioned at a level higher than the water
discharge pipe outlet 365 (with a level difference Hg).



-inlet port 369 for an oil discharge pipe.is ﬁfovidéd”éFBUﬁd'thé“*““"“"-i
cbve 366. The oil discharge pipe inlet 369 is positioned at a I'evels
her than the water discharge pipe outlet 365 (with a level difference.

Hd)-, - 26 - whereby an oil nmatter is separated from oi

contani nated water and constantly discharged in an autonated manner-.. The
arrangenent of Fig. 14 is different fromthat of Fig. 13 in the foll ow ng
5 points. In accordance with the Fi g™ 36 =nbodi nent, t he wat er

di scharge pipe outlet 365 and the oil ~di.scharge pipe i nl et 369 are Iocate&r

~at the center il water, reseryoir_and Sizti ned |n roximty to
each ot her mﬁﬁﬁ% b@Ee QM¥§ rﬁgf > aff ti%pﬁﬁgﬁ?ﬁg g iR in the

wat er di schar gongtiamd naltesl ewdterapnd edonlstalmtluordiSGEargeﬂosmnlaned at- a -

| evel suffici ‘i’ﬁttlo}‘na@e@eﬁ\ahﬁﬂ a |lpRei 4 4&3’94%’}@%%%%?3@%; genent ,

thereis no virtu variatron I n the rence e outlet
port 365 and @iffereat fram Fhat of Fi!avelrﬁ in skhenfolhevingat e.

0 seharee pr; p%"‘l“?n il dscbeaande m"g'r YOS, (M oblokliefit] the
inl e
péfgeﬁégguféfe EBter af9% RIPBOSY QHtég?hﬁp dathe |03k dischagaent er
t he wat er dlsphpegdnmqmeﬁﬁﬁ are IecatedoatlMhenhfhtifﬂpoiﬁggfgdf?tth
0 era
Povel "0 Nanel atEE. LESIERIR? ahd [ BbR) ELGRe A" WL \BFARLILERC KD, Ppaellay ny

tilting or robkheg, withd acdevedntififdnernid iy, caandnthedopepingt 36% of oil

1N .

gﬁét?LZ ??eétehr@@é”&aEQPtﬁEbBﬂE?%éMﬁfpﬁAﬁfgﬁges9%%”%%&%}&4}%Itl tters
the oil di schBP§é F6% begpositioned at a level sufficiently higher
than a liquid level. With such an arrangement, thereis
no virtual variation in the level difference Hq between
the outlet port 365 and the inlet port 367,
15 even in an inclined state. Conseguently, only an oil
| matter can be discharged'through the oil discharge pipe
inlet 369, even when the arrangement is out of the
perpendicular. There is also no possibility that an
- 0il matter may enter the water discharge pipe 366 due
20 to tilting or rolling, since the opening 367 in the
S8leeve 366 is positioned considerably above a liquid
level. Namely, the separator of the present invention
- is not affected by tilting or rolling, and can
constantly effect automated ‘separation of o0il matters
25 from oil contaminated water, and discharge of the oil
'matt:;:dand the treated water. As shown in Fig. 14,
theLEHEH%!rJdisposition of the oil discharge pipe 368
and the water discharge pipe 366 assures satisfactory
discharge of oil and water even in a state where the
30 separator is out of the perpendicular. The device
explained in the foregoing is suited for a ship which
is subjected to vibration or tilt. In order to prevent
waves from being created on ‘the  liquid surfaces
oil-resistant and net—shaped structure may be provided
35 'below the surface of the liquid shown in Fig. 14. 1In

such an example, it is preferably that the structure



and the wat er dlscharge pi pe 366 assures satlsfactory dlscharge of oi
wat er ewen in a state.where the 30 separator is out of the

perpendi cul ar. The device explained in the foregoing is suited for a
whi ch”i's subjected to vibration or tilt. In order to prevent waves fr
being created on the liquid surfaces oil-resistant and net-shaped
structure may be provided 35  below the surf2gce of the liquid shown in
Fig. 14. In such an exanple, it is preferably that the structure - 27 -
has;a predet erm ned thickness and extend fromthe water discharge pipe 366
and the oil dischasga predetermingsd thickness tapdecaxtend fqormd ther fwaker

such as to meet {3 g%ﬂﬁ&“ﬁ&b&%‘é@é:ﬁl%ﬁ@”@ Sisgﬁagsga%‘igc' '1n2.'elt 5369

directions stipula éan i on Prevention %
the | MCO Convent toncorest ke entdns diqnid surfipeersughpasator mesti thee

expl ai ned VEferrhﬂﬂihﬁmFtﬂltiﬁg ré&uir&ﬁbﬁ& QSQSVber%@% id \waher
di scharge pi pe 36 er_ di sch

pi pe sl eeve 366 ﬁfﬁeSQBSLBe&tzP“iﬁgPFPﬁqﬂﬁh?rﬂW??Bn§° PﬁiPPe?qﬁW§Wﬁ%é;

nmermbers 363", 36Bawaadc8f@ing LoptheallMCp cbnieatiiong rods 372 extend

si deways fron1the pipe 368, and are provided with floats 373 The floating -
rods 372 are also fornmed at 15 . the distal ends with float gui-des 374 .
whi ch serve to nanothen cexamplediofhaije-watar okepardsyr amildn die

di scharge pipe i a o} €S§EV0i Itp36 gyyyy tor
I's out of the pegég afggﬁa}’eﬂ%ﬁ gtegr% h nggas [ rﬁu%t rg?g La
the float 20 3 3deaCEQEPFs€§3§hF§§PaPﬁ?ee§§§ndPﬁg qng@e

g{‘,got able_pgoundscssanics vtk Qﬂ%ﬂﬂé&"tpﬁﬁézsﬁéé@éhsdét a:&%'s’%m%é& and
ui de 3743 attacggge por&ions with flexible pipe members 363', 368'
and 366'. A  plurality of floating rods 372 extend
sideways from the pipe 368, and are provided with
_ floats 373 The floating rods 372 are also formed at
15 the distal ends with float guides 374 which serve to
' maintain a water discharge pipe outlet 365 and an oil
discharge pipe inlet 369 at the center of reservoir
362, when the separator is out of the perpendicular.
In the embodiment as illustrated in Fig. 16, the float
20 guide comprises a radially extending L-shaped lever

374 pivotable'around its épex; a balance weight 3742
attached to its inside and a guide 3743 attached to its
outer end. '

With such an arrangement, the water'discharge pipe
25 outlet 365 and the oil discharge pipe inlet 369 can
: follow a tilt of the ass'oqiated vessel, i.e., an
inclination of the water reservoir. The water
discharge pipe outlet 365 and the oil discharge pipe
- inlet 369 aré maintained at the central position of the
30 water reservoir 362 under that'action of the guides
- 374. That is to say, when a tilt is given to the
reservoir 362 to form the liquid surfacg in£o an
ellipitical shape, the baiance weight 3742 in
correspondence with the majot axis thereof descends and
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_snall di anet ePO8

er end. Wth such an arrangenent., the water discharge pirpe 25 outl et
pyand the oil discharge pipe inlet 369 can follow-a tidt of the *

¥spci ated vessel, i.e., an inclination of the water reservoir. The
g¥er di scharge pipe outlet 365 and the oil discharge pipe inlet 369 are
mai ntai ned at the central position of the 30 wat er reservoir 362 under

t hat action of the guides 374. That is to say, when a tilt is given to the
reservoir 362 to formthe liquid surface= &80 =an ellipitical shape, the _
bal ance wei ght 3742 in correspondence with the major axis thereof descends*
and -28- forces out. the guide 3743, so that the outlet 365 and the inlet
369 are al waySoraeat sutecthe Ghédeeﬁﬂﬁmrrﬁ%lﬁh%ﬁ ghet patledo 365 rand 2.

The enbodi nengpaf ikt ééscméuaiwsﬁnwﬁaﬂm aat| Itheofcé:t@:érservow

362, 5. that, th |- d et 3 ha ffjcientl
P LpopLEhpR Ot the $eSkTeLE 3625 | Tokesmbodineit, of g0

i ncrease the maaahesuﬂtithentuhretfoa&%m @ tdlltoh e tme@et\&im 362pd

o Taybr oy ERELPRR, SRS, EhAC AT ofeBRRFYS" sins ThRLRESSBY M8 0 1y o,

an |ncI|nat|oaufﬁécéehtlyThsMﬁ&hnéiameteFlgel!tiwech&r@@ﬁﬂtesgrvaﬂrhat it -

can conpl et el ¥g501 | Gfaty n{étig Fedired!ich fﬁ&?ﬁﬁfé' RhR tdl%nﬂilsﬁélg E o

the oil dischargé pipe | ative
exanpl e provi the inlek 3R eEO5| tGﬁ&@ﬁGWGe vPcéaﬂiﬁﬂﬁ zed ypsselsto a

| ar ge-si zed VBéﬁéverQaEhE!léCElsOE ¥dlsiks ehaitora | rVﬂitJn')LBf el 6 BéPow Lheby 2
tilt of_the v ie An aut omat eiq’ di schg ge VI Cf u%l % an elecjric
sensor + knoﬂi &ayer may poss ly ente 1 discharge p pe

inlet 369 of Fig. 14 by an inclination thereof. The
‘example of Fig. 15 is characterized .in that it can
completely follow a tilt of . the liquid surface since
the diameter of the oil discharge pipe inlet 369 is
15 relatively large. ' Thus,' this example provides an
automated oil discharge device which, if applied to a
large—szzed vessel, can function satisfactorily without -
being affected by a tilt of the vessel._ An automated
| discharge device using an electric sensor is known but
25  is ‘presents malfunction problems when used with a
creamy oil- matter having a large content of water.
This is the reason why the separator according to the
present invention is developed. |

As mentioned above, the separator can automatically
30 separate and discharge oil matters from oil
| contaminated water without being affected by tilting
and rolling movements of a vessel to which it is
attached, and can be best suited for use in shipping
with good performance, thus meeting the above mentioned
35 ° IMCO requirements. |

Further, it'is'preferable that a coalescer is provided
in the reservoir 362 and/or the flotation tank 332 to
prompt the oil particles to float in a shortest
possible time, As shown in Fig. 16, ‘there is provided



25 I's presents mal function problens when used with a creany oil matter
having a | ar'ge content of -water. This is the reason why the separator
according to the present invention is devel oped. As nentioned above, the
Separ at or can automatically 30 separate and discharge oil matters
from oil contam nated water w thout being affected by tilting and rolling
nmovenents of a vessel to which it is attached29asd can be best suited for
use.in shipping with good perfornmance, thus neeting the above nentioned 35
| M3Oirequi rements. Further, it is preferable that a coal escer is provided
in the reservoira 36dadedcer t370f int athen floatatizyn t bapkordd2 « hwhaich

"particles to flg ' sk PQS S| Fer-) SHMh ' 16;
there is provi de‘ggélééjc%@ Eﬁglggg e%?:?ﬂggbi*ﬁ?t ﬁgAﬁlot at| o%r?gélge%:é?l
whi ch coal escer maintaioring predetesmined| 8pReHRIP) at es 371 mai ntai ni ng
predeterm ned spacings. It is known in general that the larger the

di aneters of 5 oi |l particles dispersed in the water are, . the quicker
those particles ¥4 ob® 'ifEP‘Fhei‘ban%'Pe f"alégt. &P? fﬂﬁg?ﬁnRgQSEiﬂ‘eﬁgFFi P(Eoned -
b% thehsl asfﬂltl ng ﬁBtQSEtibBeﬁaaﬁBbeQQerdeanh the watees drea sxg%r gaickere

t han the oat gnto t S e wher o, e |

pr ovi‘ded.y Thus,tq'éq}%% Psrpﬁéiafaﬁiﬁ% % ttﬁ% p‘§§€€%| zg‘&rgragis'mal*f Fﬂgy
reach the slantitank! 388@s imhepattitionedhdy ttheoslantingaplates; the
becone | ar er-si};ae% ' L&L EPhal i | td s :

pl ates 3719to r eac &iee#)?f%'ihgﬁsgpfa%g’.%%f% g'"?? k%%&\/ﬁejﬁ Efﬁgseiégg?gis‘ggnce
effect. The cdaaantRthR VAR RUr Fage oWh9reneheoRrdeRrer Lfe exanpl e

shown in Hg. l6provided. Thus, even if the diameters of the particles
are small, they reach the slanting plates one after
- another to coalesce each other to become larger-sized
oil particles. Those o0il particles ascend along the
- plates 371 to reach the liquid surface. This is known
15 as coalescence effect. The coalescer may be provided
" not only in the form of the example shown in PFig. 16
but may be provided in the reservoir 362. Moreover, if
it is provided in the flotation tank 144, 244, or 232
in the embodiments of Figs. 1, 9 and 11, the efficiency
- 20 of oil-water separation of the entire system shows
remarkable improvement.

o _ . chart |

AW Referring to Fig. 17, there is shown a flow of
' -another embodiment, wggrein reference numeral 421
2. stands for an element, 'ZI‘T%‘coalescing unit including

25  therein element 421, 451 an oil extractor equipped with
a driving device 452 and an extracting pump,455, 456 an
extraction tank, 426 changeover valve, 430 a water
supply pipe, 458 a discharge pipe, 412 a main pump, 444
a first flotation tank 432 a second flotation tank, and

30 459 an automated oil matter discharge device.

A feed of oil contaminated water is passed through a
pretreatment device such as a strainer and the like,
and pumped into the coalescing unit 414 having element



y be prdvrded in the reservoir 362. Mreover, if it is provided in
¢ fll otation tank 144, 244, or 232 in the enbodinents of Figs. 1, 9 and

he efficiency 20 of oil-water separation of the entire system shows
phir kabl e i nprovenment. 4VW Referring to Fig. 17, ‘there s
shown a flow chart of another enbodinent, wherein reference nuneral 421
stands for an elenent, 414 for a coal escing ggit including 25 t herein

el ement 421, 451 an oil extractor equipped with a driving device 452 and.an
~extracting punp 455, 456 an extraction tank 426 changeover valve,” 430 a
wat er supply pige, vidSthedpampande pithe fivst fhovtapiopn, tddk 444 and

flotation tank ,432 flo [ tank, and 30 459 an aut omat ed oi
mat t er di schar e(ﬁﬁhéggégggé%%igé g??'contaninated wat er i s passed through
a pretreatnent device such as a strainer and the |ike, and punped into the

coal esci ng uniéiz?j‘}141§avliﬂga6|l ttud'iriaa?;/s_%%%élfhgiog]eﬁlgém@o%i%sc%% first

flotation tank and e chandeover v e I S a longl tudi na

section of thdifidaldkei ndFhmieoatescing waikcddtndngindes1a jncludes a 5
. coal escisg cyldouibesciig PEPYiAQerWals drovided fwDeh i a0m4ddleo £looting

| hanbey. 418. ing 419 i formed,in th { Lon of th
Prooring 417 AR EreAFPRBS yParesin: SoaShEE, 40 MhooRraind, 41304

incorporated)ﬁdﬂmémeinoaheschngnwkmpuutiqnﬂaﬂih@eaflﬁoringo#&USWMﬂﬁwiaI
o trann 11 SR PHnE SHGRAL cRRRRERC, Ol | 2V afec UiioR 120° 40 "0
horizontal posinQiPaRAted ¥ikhithel coalesainguelrpant dncindingday
avai | ablig el eFious MaatesREli 424! b, which is applied a specific
coalescing layér capab1e'¢f'absorbing and transmitting
water therethrough. The element 421 which takes a
horizontal position may be identical in construction
| with the widely available element. More specifically,

15 ‘the porous material 424 treated as mentioned above is
corniced around a cylindricdl member 423 having a
number of.through holes 422, at the center. The member
423 is positioned in alignment with the opening 419 in
the flooring 417 and fixed thereon. There is then left

20_ an appropriate space 433 around and above the element
421.

The coalescing unit 414 is also formed with inlet
(outlet) pipes 427a, 429b, 427b in communication with
 the changeover valve 426. The mechanism 451 for
25 extracting oil matters built up in the coalescing unit
414 is connected with the coalescing unit 414 by an
inlet (outlet) pipe 429b. The oil matters are
extracted in the upper portion of the tank 456, and the
- water from which the oil matters have been separated in
30 the.tank_456_is'returned to the next coalescing unit
414 or the changeover valve 426 via the pipe 427a or
427b. The o0il contaminated water fed is by the pump
412 through the changeover valve 426 as indicated by
the solid lines in Pigs. 18 and 19, enters the passage

&



15 the porous material 424 treated as mentioned above is corniced arot
‘a cylindricadl nenber 423 having a nunber of through hol es 422, at the
center. The menmber 423 is positioned in alignment with the opening 419 in
the flooring 417 and fixed thereon. There is then left 20 ~ an

approprlate space. 433 around and above the el nt 421. The coal escing unlt'
414 is also formed with inlet (outlet) pipe§ ggsa, 429b, 427b in .
connunlcatlon with the changeover val ve 426. The nmechani sm 451 f.or 25

sracting oil ters b n _th
t"Ffthe coal escf ﬁmﬁﬁFtﬂib %m%%ﬁﬁ§£¥ﬁ%é§ﬁﬂ ??gnhs éﬁ§4 ﬁggqgﬁﬁe ol
][ratte\r/\;. ﬁr?hextoﬁctm | eleinentppml.poandons)f fonoiblmk feS6intad thes wat er
rom whi c e ojl
returned to the %%%?E%%§§§sg?§§ 3%?? 4?§§§86§ﬂ §§§30333%3§%§§ 3?6 V|a
the pi pe 427a oruppéep. panbion| ofokhenmeshaniam é|51f 48 extiractied
through thg Cha”&f@ﬁ&&ti&hv%ﬂﬁ %SPdaﬁet ié ts\u He&d iftoi BRe Isédarms

18 and 19, enters t assa

ates thro th
porous material B3otaF PﬂetgF‘!Sm,‘r?tz%Zl T’!ﬁld"’?ge?o FBE odg raLyt ggq: °
extraction tank gRé. chdmgedverbivialve ex6acvia ithe hpipppecz'nm;t iamd of the

mechani sm 451 i s_ext ted vig .t tr |
supplied into th§°§€i§ﬁ§ BURP. gﬁ g%ﬂ% &gé é%ﬁd] fégf%ﬁégtg ﬂ 432
returned to the vhanghevdischarge pipevddlihe pipe 427b, and forC|ny
supplied:into the second flotation tank 432 vi athe di scharge pi pe 431. 10

As the'0|l-conta|nlgg wat er enters the coalescing unit 414 and perneates
t hrough t ht0el endat g1 oid-gontaining water enters the coalescing unit

414 and permeates through the element 421, a disperSion
with fine oil droplets having ‘a size of at most 10
' micrometres, to say nothing of the coalesced oil
| - matter, is positively collected owing to the
15 _oil-absorbing function under the action of the porous
material 424 on which is applied the specific layer
capable of separating oil from water due to its _
'water-transmitting and absorbing properties. The thus
. collected oil matter grows into a larger oil drop which
20 is spontaneously floatable, and is separated out due to |
floatage as well as the oil-separating function
provided by the (oil-repelling) gel layer on the porous
material 424. With the element 421 having such a
unique function, it has now been found that oil drops
25 in the emulsion form can. grow into a larger drop and
being separated off, despite the fact that they have
been considered’ unable to be isolated.

The oil matters coalesced by the coalescing uhit 414 is
- accumulated in the upper portion of the tank 456, and
30 positively extracted as occasion arises or at regular
intervals by the extraction valve 455 of the mechanism
451 operable by the driving ‘mechanism 452. The oil
matters are then supplied into the ‘'second flotation
tank 432, Especially where a plurality of coalesoing



h fine oil" droplets having a Size of at nbst 10 micronetres, to say -~

i ng of the coal esced oil matter, is positively collected owing torcthe
oi | -absorbing function under the action of the porous material 424 on
which is applied the specific |ayer capable of separating oil from water

“fle to its water-transnitting and absor bi ng properties. The thus col | ect ed

oil matter grows into a larger oil drop which 20 I S spont aneously

~floatable, and is separated out due to flo%g'e as well as the

oi | -separating function provided by the (oiI-repelllng) gel layer on the “‘

porous .naterial . 424. th t he 1 ue function,

It has now. be'éﬂif.:ﬁunﬁl h* i Pr?,,aﬁﬁ 51%’% ﬁxkﬂgtgg& sﬁ%ﬁﬂégfm%n gr ow
into a Iargeredtcpctod hsr]yemtdedté@nﬁéachkspalescbagf@ﬂidJﬁﬂWiﬁby have
been consi der e Th iy C8 e the
coal esci ng un?ﬁigl%m cunu atggE‘%%%lﬂaQtErmﬂ§$i h?ﬁﬁ 456,

ort
and 30 postentent éndlaétédhéQhO@@éSM&$QQﬁQR%¥iﬂnzﬁeﬁﬁgﬁnQﬂ : |ntervals

by the gxt ra%éeacéatvq&e@ siapiheamheuwnsﬂﬁﬁaeeeuebhe RE tdFekEndi Ng

nmechani sm 452, e ail. matte are gﬁ ﬂ he second flotation
ok aso EohaLi 3 Fng oRexE Boanaselng,uitk, £64; A" chd SBEEY 012 10
' areI arrangedcoalestehcet agrusramaking amanxedadmlprowetxmnts of 1.} fuieh eaﬁh |
coal escin un , a | oi
cont ent a%d/ o&ﬁiﬁ%ﬁg& thoﬁ(@g%pgg‘ﬁ? °§e é&g (ytéﬂgw 'ﬁ{red 4wt"l;:‘pa I oag

applied on the surface | ayer of-elenent 421 in the next coal escing unit 414
11 O ey, SeBCiEECbRRRCEERnld Khat i PRAH TR ElER SRt 1)
results in considerable reductions in the number of
coalescing units 414. In general, the cil-containing
water is contaminated with many kinds of impurities
- (88) suoh as. suspended matters and fine dust. Por this
reason, clogging of the element 421 takes place during
15  use with resultant lowering of the efficiency thereof.
" In such a case, most of conventional systems were shut
down to wash the element for the purpose of recovering
their function, leading to a reduction of processing
ability to a marked degree. The present invention
20 offers a skillful solution to this problem, and enables
the apparatus to be operated in a continuous manner
without shutdown, while the element is washed._

In the-present_invention, tbe'direction of material
flow is changed by the operation of the changeover
25 valve 426 to'cause_reversal of.the_flow_before clogging
of the element 421 occors. The manipulation of the
changeoVer.valve;causes.the_flow of oil contaninated
water to be reversed'as shown by solid line arrows and
___dotted line arrows in Pig. 18, This reversal flow
30 causes removal of sS deposited onto. the face of the
~ porous material 424 opposite to the flow. . Moreover,
oil droplets of smaller and larger sizes which are
__deposited onto this £ace.wi11_also be_removed and
separated by this reversal of the flow. Both sides of



It has been found that the provision of extractors 451 10 results in
consi dersabl e reductions in the nunber of coal escing units 414. |In general
the oil-containing water is contam nated with many kinds of inpurities (SS
such as suspended nmatters and fine dust. For this reason, clogging of the.
‘el ement 421 takes place during 15  use with resultant |owering of the
efficiency thereof. In such a case, nost of.cg®mventional systens were shut
down.to wash the el enent for the purpose of recovering their function,

| eagf ng to a reduction of processing ability to a marked degree. The
present inventi @he20elemehterservekidduallysofoti othé o cdaleguendesnandnd
enabl es the apparat t o.be.qpe | ' e Py '

shut down, while 9&?@“@1 e%nf’ i?'s dbgfﬁigﬁggfh){rlég}eiﬁt m?‘%eén%%%{? e°f
direction of nattiré afléw oufi oidhaanthminated oyateri on Tive toperatinmoosr 25
val ve 426 to ca r ; I r ' f ] ment 421
occurs. The mﬁ%ulcg{\é?{oi?&o‘?ég %@%n%\%fv%%%%ﬁgatﬁ%H?Tgwof oi I
cont ani natSed wati®iderendentdicrupen athenhgiveny dinatdian Rf PPeTAtLGR, gbheed

line arrows in HiGen!Behrdhighipi€V and! tHé OthéPeaseCdnsFedENPrassatess
deposited onto the face ,of the pgﬁgus<ﬂ$ter|al 424 o&§05|te to the flow
nd.

Moreover, oil didfeRRatkveddy | oFh ARIRAVRE ze ¥ Pch MA% dRPosited
onto this face witomdtsicadily coperatedd inepeoaperiatbion hwithewertsikthemmf ahe

];L)g\llvéscs(rjlfsg glng oomnh_eto?r g’% adﬁfo%es‘?ln%q réf%gn%’."ﬁguﬁdégﬁr (r)(ract ihgn of the
flow of oil contam nated water. The operation of the changeover valve 426
gggr gtei gﬁ&fongECime' biternatind ey HEEBraifigliee Ll BEesEnt!

’ invention wherein the direction of material flow is
altered, successful removal of oil particles from the
element is attained with attendant pressure loss
"amounting to as low as about 0.1 to 0.4 Kg/cm2, so that

15 the element 421 is of high.watéz permeability. Such a
high water permeability, coupled to the extraction of
oil matters, enables the element 421 to coalesce an oil
matter having a high viscosity at lower pressures.

20 This offers one of the characteristic features of the
present invention.

In the oil-water separator systems, it is generally
said that the higher the feed'pressure, the lower will.
be the separation efficiency because of fine

25 coalescence of 0oil. In the present invention, however,
a lower pressure can be applied as discussed above, so
that such fine coalescence of oil is avoided. This has
a synergistic ' effect that assures satisfactory '
coalesence of oil drops in the present'invention.' _

30 These considerations lead to the realization of the
present invention. | |
While the foregoing explanation implies a case where a
plurality of element cylinders 414 are arranged in
multistage mahner; whether the apparatus is of a single



throughput and the jncrease in feed pressures Al ternatively, the

- ndeover val ve may be automatically operated in cooperation with a ts ner ,
éf% neter .or a feed water. pressure gauge. 10 In the alternating

operdétion according to the present invention wherein the di rection of

erial flowis altered, successful renoval of oil particles fromthe.

el enent is attained with attendant pressur-e3hoss anount i ng to as | ow as

about 0.1 to 0.4 Kg/[err],. so that 15 the elenent 421 is of high water. :

pernmeability. Such a hi gh wat er perneability, -coupled to the extraction ot

oi | matters, atAgesorhauditdstagei2drrangeneéntcmayn be | depenadenbavpon a

hi gh vi scosi t&rgeak:ﬁ%ﬁgﬂpﬁ%huéfs 00 contlnindltl ?# wgﬁgrgf |£’€§t the

characteristic ures o sent 1 nvention.
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coal escence of present invention, however ressure

can be ppli e(?és'lﬂa?s@fﬂ' 4§08, APRAFALUS UNARL: NRIRDL| 69BAAE40BB0i | s
avoi ded. ' Thi s thes apparetys sbeingf bgetratﬂ&a b siLSeneit 6ERCOHALY Bpdle@sence

of oil drops i %} ention. These considerations lead to
the realizati gn%‘{) Pﬁ igdgsié‘#f{y1 nventi on Wiile the f or egoi ng expl anat i on
i nplies a case where a plurality of eI errent cyli nders 414 are arranged in

I | - o 13kage or
Tl 5t age ar o eudCIRCR: GLF 2182h3TUS, shctich 44Y fay pe Prgyided

me
‘cont ani nat ed \%‘t%"? &5 the funkher r&Q%tm %%boﬁ?y Bheanidi| matter.
: 10 d:.scharge section 459 may be of the type shown in any

~ of Figs. 14 to 16.

Referring to Pig. 19 which schematically shows the
method of the present invention, a feed of oil-
contaminated water is fed into a changéover valve 526

15 -via a first flotation separation tank 544. Crude oil
matters are elminated.by an oil matter removing device

- 559 in the first flotation separation tank 544. A flow
direction changeover: mechanism 577 for the oil
contaminated water comprises a motor 575 and a _

20 changeover Valve 526 for effecting flow direction
changeover of the o0il contaminated water. Such
changeover may be accompanied by reversal of the
predetermined tilt of an element column 523 by putt1ng
the valve in operable association with a mechanism 576 x%%;

25  for preventing a build-up of oil matters. Referring to
the case where a feed of o0il contaminated water is
guided in the direction as indicated by.the-solidilines

- in Fig. 19, it is fed into a passage chamber 518 in the
- element column 523 having thérein an element 521, and

30 directed into an oil matter extractor 551 via the

element 521 and an element chamber 520.

Fig 20 is a longitudinal section of the element column
523, and Pig. 21 is a partial cross-section of the
element 521, illustrative of the flow direction of oil
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Alternatively, it may be possible to operate only parts 5 of the
mul ti st age apparatus under-normal conditions, the apparatus being opera
ip its entirety only under severe conditions. An automatic oil dischg
section 459 may be provided on top of the further flotation tank 432{ The
oil 10 di scharge section 459 may be of the type shown in any of Figs—
to 16. Referring to Fig. 19 which schematicat |42 shows the nethod of the

present .invention, a feed of oil- contam nated water is fed into a '

changeover valve 526 1 V|a i rst tion se atlon t ank, 544

Crude oil natter §oRE8 a%?‘ SLP ﬁwﬁn§ cégfﬁﬁﬁ?ilthe
first flotation i@paca?]someanbnSth thewwlidesiyt i avaiclhbmgeoe/.‘eement. 4
mechani sm 577 the nt e S tor

a 20 changeov LPaRFE fé%ﬁ?#i% é§%%g%fhggﬁélé*§§?9éc§|o Qé?ﬁsggf
the ~oil cont amfaatteandvmmugatwcicamhmﬂ/ahem o aﬁmmms byt
reversal of the Ragdehatd NAfde | hnd" GHLIGE Bdledgs M8 452 Separkted Wy L Ne

val ve in operabl e association w.th a Mec anlsn1576 25 for "preventing a

build-up of oil Fhet RAFoURFAFdPAZrdy | Fhe AlONFALRd PREERIEE F42 as
cont am nat ed wat Qhoiw% d¥ decgJ ned headereﬁél efidasginn ana tdre sother

col umn 523 havi n§oeh ) EEpped oa BRBIEYRS IR I as' 20 ERA B0y, S0 gt
mat-t er extract or thel oila contaminsted Eﬁtern¢medh§EMhnﬁmgtbadiﬁhnFl g 20
bar c1 a1 or 305, CopaRBsued #ha By WeVEHr e Hpoed-nghfibnda Fpdcific
directi on of o||1ayersg5.mhe oil matter extracto: 551 comprises a motor

575, an extraction valve 555_and an extraction column

556, and is oﬁerated manually or automatically

depending upon operating time or pressure to extract

15 the o0il matters which are then fed into a second
- flotation separation tank 532.

The water thus treated by extraction is passed into the
next element column 523, It is noted that, with the
element column 523 of a singleistage arrangement, the
water treated returns from the extraction column 556 to

20 = the changeover valve 526. This is true of the case
where the o0il contaminated water is passed in the
direction as indicated by the dotted lines in Pig. 19
by changeover of the valve 526 and opposite to that as
indicated by the solid dotted lines. The treated water

25 'leaving the final stage extraction column 556 returns
to the changeover valve 526, from which it is fed into
the second flotation tank 532. :

As the o0il contaminated water permeates through of the
unique layer of the element 521, a dispersion with fine
30 - oil particles hdving-a size of at most 1 micrometre
being dispersed, to say nothing of the coalesced oil
matter, is positively collected owing to the
oil-absorbing function under the action of the porous
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w dely available el enment. More preferably, however, -the elenent is in

eopt am nated water. The el ement 521 may be identical in construction with

formof flat and corrugated cardboard sheets to formarrays of 5 e
al-fernate inlet and outl et passages 542 separated by the porous, cardboard.
The el ongat ed passages 542 as shown in Fig. 20 have one end 539 opened and
the other end 543 cl osed as depicted in“Figs.~20 to 21, so that the oil .
cont am nat ed wat er perneates through adj acent 10 passages 542 by way g;g

~the above-nentioned speC|f|c Ia he joil matter. extractor 551 c npr
ot o Rk SELHAS BEY ottt cLS L Rae 1 iR a0 el M £ ERUAY, SSRaSLET

oper at ed nanuﬁlb;para&dhqnnﬁﬂcthm(kquanﬁdu;lqnnitngatemg tlne or

t th d d
P oot o ScBtPaRlrting, B9 CphoBBbise, HBbBArRIBe crebel a8 > peoon
passed into cnalssxadem&emt@arumoaﬁa inta a dargex Q tpaxkic¢lehe .
el emeng col ughieR3 i ébéﬁé!ﬁéb@ﬁﬁgefﬁbééa Nand' % WdPdrdeedisder et urns

fromthe extraction col'um angeover valve 526. This is

true of the GH€e %eﬁl@a&m%'. ”CURHmaﬁatt@G mtlase@%% fynepion |
direction aSpraduaaaemmtué\e(@ImzedpéweﬁgongEng1ay%rb>orcm ﬁéuﬁf t he

val ve 526 -and._ S h ndic t the solid,dotted,|ines. The.

treated watef? gg?? &&n%‘ ?%lé gfne 'a(}gleyﬁ?‘ég??oﬁ EBI FmEBEEIS ot Ur ns

to the changﬁunetioabvatShas mnMﬂhﬂunﬂfaunds;H&nioiﬁcﬂt¢pssgmoﬁueflotatlon
ank 5 : t ts e :

L3 "‘fayer g§ t he® Pis‘ibb Wn&%& sg?g?&?’tvﬂoﬁln;gkgggog ‘}%Q,Qﬁ]f% glsqﬁaw ng

a size of atSppsratedi ceffiet rdespity heefiant ttba&aythel’hlhiy%f t he

coal esced oi br@@tib%l?' 5e&as'cun\seﬂae:@a el Q¥ sl tLsd e | - absor bing

function under the acfion of the porous
':he_oil matter-reaching the top of the element column
523 is positively-ext:acted by an extractor 551,

15 Especially where a plurality of element columns 523 are
arranged in multistage manner, an extractor is provided
for each coalescing unit. With this arrangément, the
oil matter hav1ng a hlgh oil content and/or a high oil
concentration serves to reduce a: load applied on the
surface layer of element 521 in the next element column
'523 in the course of coalescence, thus making marked
-improvements in the efflciency' and durability of

- coalesc1ng units.

The embodimeht_is further characterized in that the
mecharism 576 is provided for the prevention of a
build-up of the oil matters coalesced in the element
521 and element column 523. Referring to the
embodiment of Fig. 19, the element column 523 is
inclined at an Angle_Al; and is disposed for pivotal
movement that is caused by the motor 575 such that the
open_ends of the elongated passages 542 functi&ning as
outlets normally take raised positions. With the
aforesaid angle is set Aj, a flow of oil-contaminated
water is passed in the direction indicated by the solid
lines, For reversal of the



-736 - material on which is applied the specific |ayer capabl e of
separatimg oil fromwater due to its water- transmtting and abosrbin

properties. The thus collected oil matter grows into a |arger oi
partlcl e 5 _which is spontaneously floatable, and is separated out d
to fl oatage as ‘wel | as the oi | -separating funcjyan provided by the
(oil-repelling) gel layer on the porous material. Wth the elenent 521

having such a unique function, it has now been found that oil drops in the

10 2= enul sion f@r@wc'aq: Q¥ TP {219 d[)een i Al dpg %fpar ated off,

despl te the fact that have previ ous unable to be
| sol ated. The oil natter reachlng the top of the el enment columm 523 is
positively ext raWsednéxytme&tahGVe; Teverbal offsphei ahiglewo® ccflt of

plurality of ele t e g N,
extractor is proﬁ% cFC]?or eac%g]zuﬂéeggl{l%ggu%gte Wt‘ﬁ%s ar%ﬁ enf 1Bhe
oi| matter havi nd¢he €lgngated pazsagemd4r of igment Theand rele on serves
to reduce § |°ad263.%9‘érﬁ:d 89160k %‘fj ags |aadndf aﬁher??éﬁ t?zizhbn l?(ﬂ?ef‘ex"

el ement colum 5 [se coalbgscence

i nprovenents in GFETAGHAE e a’ﬂ-&h&ﬁ‘r"a W‘F?“B*“'&BE?G%U |§%s.“1|1h%“9
embodi nent is furzwebmmmaedndrédﬁ t:hﬁ rtﬂf&taruméi?éhd;s pepvi ded

e mne E52ventt SaplngbhiBh i Reladal oF fEAERARs SToet o e o
Fig. 19, the elenment colunn 523 is inclined at an an Ie A, and is disposed
fe(rz(rjsplatlot ﬁle g})\éﬁg}?e passa qu I oni'ng as"’%%%% ?#ﬁmﬁﬁt@iﬁ
rai sed posilQ onsresulitsh ipeconsiderable :educt1ons in the number of -
-element columns 523. 1In general, the oil contaminated
-water is contaminated with many kinds of contaminants
‘or impurities (SS) such as suspended matters and fine
‘dust. Por this reason, clogging of the element 521
15 ‘takes place during use with resultant lowering of the
‘efficiency thereof. 1In such a case, most of
conventional systems were shut down to wash. the element .
for the purpose of recovering their function, leading
to a reduction of processing ability to a marked
20 degree. The present invention offers a skillful
solution to this problem, and enables the apparatus to
"be operated in a continuous manner without shutdown,
while the element is washed,

It has now been confirmed that the above-mentioned two
25 requirements, i.e., prevention of accumulation of the
| 0il matter in both the element 521 and the element

‘column 523 and changeover of material flow, have a

synergistic effect iin'ntaintaininé the efficiency of the

apparatus for a very extended period of time and even
30 when it is used with an o0il matter a high' viscosity.

In the present invention, the direction of material
flow is changed by the operation of the changeover



afaresaid angle is set Al, a flow of oil-contam nated water is passed in
direction indicated by the solid lines. For reversal of the - 37 -.

- the colum is inclined at an angle A2. As nentioned above, reversal
he angle of tilt of the el ement columm causes the oil nmatters coal esced
he el ongated passages 542 of elenent 521 and the 5 el enent’ col um
523 to ascend and reach the upper extractog 551 w thout discontinuities,
thus resulting in consi derahl e i ncrease in ?he efficiency of separation and
removal of oil matters. It has been found that the provision of extractors*

951 10 re%‘ﬂltv% '52@096' @5&@3' ¢evatsal B tﬁbtf‘foﬁuﬂﬂ?.&raf c%@gg

col utms 523. genera contam nated water 1s contam naf

many ki nds of°fco Pamm%rszlrpmqqrés- (Sthe shapipulatdamef Fhet ers and

fine dust. F%hatﬂyé"ov"é.asﬁﬂlvé| Qatiges ofhé hr1eher&1to§21céﬁtamhatea pl ace
during use mntq

re ant_ |l oweri g of the I Ci such
a case, iﬁb lﬁ?YﬁEﬂ ﬂ¥°V%e%Ysﬁﬁ£Qa &ﬁnPoaﬁégﬁstﬁE el enent -
for thé purp@ntuidrbtncemnnpwsmﬂn fRinet | D9, Imumsuxeversabdﬂabwon of
processing a 'I' t Kk ion
-offers a skil t&Jlaf"H O?Ul?l ggit?}tﬁ#)ss prgggg%gaar? enagﬁgs?sn a%%a?gteus to be
operated in- @Qﬂﬂ“ﬂrﬂﬂ@grﬁﬂhnspnﬁﬂﬂhﬁnt%hhheoﬁﬂoﬂMuIﬂpt¢mﬂe¢enﬂnﬂ i s
washed. |t h%irrt‘i‘tl%e“o‘fonéhﬁﬁ@rt hghg! hfaf‘&&i‘e é?*ﬂés ORA dn'0a

requirenents,. 1.e prevention of accunul at1on of oi | natter in both

the el ement §EPQ§¥$QQN9Q§QHEDEBc%ﬂ?ﬁwﬁ%&% 3}e0 cRanEeBOERS ANt er i al flow,
have aigyner geparataid a5y  thisnireversalo Jfheid fETowCYBOtR! BEdes of

the element 521 serve equally for the coalescence and
growth of oil drops_notwithstanding_the.direction of
the flow of oil contaminated water. The operation of
the changeover valve 526 may be performed manually

15 ‘independent upon the given duration of operation, the.
given throughput and the increase in feed pressures.
-Alternatively, the changeover valve may be
automatically operated in cooperation with a timer, a
flow meter or a feed water pressure gauge. '

20 In the_alternating operation according to the present
_ invention'ﬁherein ~the direction of material flow is
_altered, successful removal of oil particles from the
element is attained with attendant pressure 1loss
: ‘amounting to as low as about 0.1 to 0.5 Kg/cm2, so that
25 the element 521 is of high water permeability.. Such a
high water permeabiiity, coupled to ‘the forced
extractor 551 for’ oil matters, enables the element 521
to coalesce an oil matter having a high viscosity at
low pressures. This offers one of the characteristic
30 = features of the present invention. '

_In the oil-water separator systems, it is generally
said that the higher the feed pressure, the lower will
be the separation efficiently because of fine
coalescence of 0il. 1In the present invention, however,
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very extended period of time and even 30 when it is us

er. a high-viscosity. In the present invention, the : '
erial flowis changed by the operation of the changeover .
to cause reversal of the flow before clogging of the
rs. The manipul ation of the changeover val ve causes the-
am nated water to be reversed 3% shown by solid |ine arrows
line arrows in Fig. 19.- This reversal flow causes renoval
onto the face of the porous material opposite to the flow
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invensiomay be automatically operated in cooperation mnth
neter or a feed water pressure gauge. 20 In the
ation according to the present invention wherein the

¥hile hay faregeing explanation implies afcane whexe cdes
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wat er perneabil i

extractor 381 fostaigle mmtmmxtistabéeaﬁdungdmﬂuﬁﬂmiﬁ1be dependent upon

15

20

the throughput of oil contaminated water, and the
concentration and viscosity of an oil matter.
Alternatively, it may be possible to operate part of
the multistage apparatus under normal conditions, the
apparatus being operated in its entirety only under
severe conditions. '

This system is not only adequate for the batchwise
processing of oil contaminated water, but also '
demonstrates an especially superior effect in the
processing of emulsified finely divided oil contaminated

" water _including. oil particles made smaller than 1

25

30

micrometre by the effect of a surface active agent,
which could not be attained by conventional technique.
For example, it has been confirmed by experiment that
the water containing 250,000 ppm of light o0il can be
processed to less than 5 ppm under the test
specification of ship's equipment in accordance with
the IMCO-Convention, and that 5 ppm determined as the
limit for industrial waste water for environmental

'protection can perfectly be attained.

This invention has especially novel' features in

permitting separation of not only the finely divided
oil but also the emulsified oil matter, because of the



oal esce an oil matteér having a high viscosity at |ow préssures.  This —

rs one of the characteristic 30 features of the present inventi-on.

hé oil-water separator systems, i°t is generally said that the higher s
(he feed pressure, the lower will be the separation efficiently because
of fine coal escence of oil. 'In the present invention, however, = - 39 -
a lower pressure can be applied as di scussed above, so that such fine
coal escence of oil is provided. This has 3'4§ynergistic ef feet that

assures satisfactory. coal escence of oil drops in the present i nvention.
These 5 COQS] 0 tQ. t ealization .,of the present
i nventi on. }I?éhﬁﬁéfégr e%gm ﬁggef& J};il iﬂﬁﬁFl Jainly cohpists, Qffurality
of el ement colml‘ 52aselubder hygndus gelt layage hasnimey ,anhe‘u‘.tlerwéd&
apparatus is ste%a ﬁ%ﬁ’ I inct fiR9as°" wBYh! i 3 a f‘r{ hmaryd be.

e

dependent upon { put of. oi I contam na mate

concentration Q@Eﬁ%%*%? gungtion| . mmt t er . AlternatlverL it may be
possible to operate part of the multistage apparat us under nor nal
conditions, the 15 apparatus being operated in its entirety only under
severe conditions. This systemis not only adequate for the batchw se
processing of oil contam nated water, but -also denpbnstrates an especially
superior effect in the 20 processing of emulsified finely divided oi
contam nated water including oil particles nade snaller: than 1 micronetre
by the effect of a surface active agent, -which could not be attained by
conventional technique. For exanple it has been confirmed by experinent
t hat S _ : :



’5 t he ‘wat er contalnlng 250, 000 ppm of light oil can be processed to
less than 5 ppm under -‘the test specification of ship's equipnent in
accordance with the | MCO Convention, and that 5 ppm determ ned as the Ii

for i-ndustrial waste water for enV|ronnentaI pfﬁ%ee%+eﬂ—can_pELLect y

be attained. This invention has especial ly noig feat tiing
separation of not only the finely divided ol *6ui als 'mH"ﬂ ’H ,H oi l
matter, because of the -40 - formation of the speci

coméﬁsts of water insoluble hydrous gel |ayer having an oil mater
separation function as well as oil-resisting and oil-repelling function

- 41 - CLAI'MB: 1CLAIME®t hod for oil-water separation by coal escence
conprising the steps of producing a coal escing |ayer having oil-resisting
and repelling properties as well 5 . as water transmtting and absorbing
properties on at |east one surface of a porous nenber by form ng thereon a
wat er - i nsol ubl e hydrNUnegnbdlﬂyeronmhwatenlsépanangonhbypcbauescehuhe of

clement in a 20 SoRBEABLEETLAS sPH0E BE"BroRihg h BlalBefiRETIBRRED
such that said ohavcoQtaﬁiﬁaecﬂsubnerapdsscpeﬂ&doagprppsrpdesuesnuedﬂual to
catch and goal esgg & gtef'tkigsﬂittPﬁéthghe?b58981ﬁ 'Br%be&%ﬁ%% gRcatur face,
said oil-contam nated water belng paSse ternat el
least one surfacé of a porous member by formzng thereon
a water-1nsclub1e hydrous gel layer while maintaznzng
"~ the pc:ous nature of said member to obtain'a coalescing
element; subjecting said coalescing element in a
10 coalescing unit to a flow of an oil-contaminated water
such that said oil contamlnated water passes through
the porous material to catch and coalesce emulsified
oil particles upon said at least one surface, said
oil-contaminated water being passed alternately in
15 opposite directions through the coalescing element; and .
) then separating the'thus coalesced oil and the water
from each other. | |

'2._ A method as ciaimed'in.claim_l, further including
prior to said subjecting step a step of gravity

20 separating an oil matter from said oil-contaminated
water in a flotation tank.

'3, A method as claimed in claim 1l or 2, wherein said
separating step after the subjectlng step is effected
by gravity.

25 4. A method as claimed in claim 1 or 3, wherein said
subjecting and separat1ng steps are performed as a
plurality of consecutive alternat1ng stages.



-opposite directions through the coal escing. el enent; and t hen
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wates i1 a flotation tank. 3. A nethod as plalned in
claim1l or 2, wherein sald separating step ggter the subjecting step is
ravity. 25 4. A method as clained in claiml or 3, wh
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Contan1agted w@gdpﬂcing:element so as ‘to permit 01l-contaminated

15

water to flow through the coalescing element
alternately in opposite directions.

6. An apparatus as claimed in claim 5, further
including a flotation tank to receive oil-contaminated
water prior to its flow into said casing.

' 7. An apparatus as claimed in claim 6, further

20

including a reservoir provided on top of said flotation
tank to receive the oil-contaminated water from said

flotation tank; a water discharge pipe having an inlet
at its lower end and extending vertically upwards from

‘a central portion of the bottom of said reservoir to a

25

predetermined level below the surface of the oil
contaminated water; a water discharge pipe sleeve
surrounding an upper end portion of the water discharge
pipe to separate_the,upper end portion from the
oil-contaminated water, the upper end of said discharge
pipe allowing overflow discharge water into said

Sleeve, the Sleeve extending higher than the water

30

surface and being adapted to discharge the water
separated from the 01l from the reservoir; and

}eg $ﬂb¢ud|ng a
| ow
udi ng



rotatlon tank; a water discharge pipe having an inlet 20 at its I
" end and‘extendlng vertical ly upwards froma central portion of the bonN-e .
. of said reservoir_to a predeternined | evel belowthe: surface of the oil '
-contam nated water; a water discharge pi pe sleeve surrou Quﬂ"'mﬂ"ﬂl) ﬂl’

portion of the mater di scharge 25 pi pe to &Eparate th

fromthe oil-contam nated water, the upper end of said di Sch rge gl pe *
al | ow ng overfl ow di scharge water into said sl eeve, .t he sl eeve extendi ng
hisghgér than the amatedrl skschargmdine BREZRUNAENG A (Pertioncof heheat er 30
separat ed from gl lafdclddl gide didve A hafhgidn UAELE! Goc o1 PO

surrounding a portion o0 e wat er dlscha e pipe, sl eeve and having

inlet port sli grﬁl%ﬂhﬂb\kqw Ithae | lerel (RE dihe it aﬁﬁﬁﬁé@%ﬂ%ﬁ?@rwiﬁﬂr above |
the upper end ofaridabwiethé &@Wzgaarmnﬁf&he wmﬂ dr@éhéf@egpi gepar at ed
. fromthe water Isqibig‘rﬂd dfr mther 1.9 beluse of t ?erence of
| evel s. of “oi l aftStht %d’jt és?}ﬁrf rs% !? %ﬁ%ﬁ/l fes of the oil -
and the water. Sist@hanged finom ashe:lraesemmir dyivse, of uthéedifiference
i ncludi ng coal eggen @?d’!w”ﬁdl rqﬂfeq;ot fsifé @tlon t ank
n a|m

and said reservotr. apparatus as clainmed 1n ereln said’
coal esci ng el em@Reqific Sﬂ@éﬁf@ﬁﬁ &f the Qid (ﬁndaltil’bﬁ HARer4 at and

. corrugated cardboard sheets to form 15 arrays of alternate inl et and
out | et passages _,separated b orous cardbo tus as clai ned

P
in claim9, whefeinAhaPR4 A8 Ghadm d“bLﬁ’ %’tn‘p SS€% ¢ave ends -
thereof chigsed dmtluydingldoalescdyy nékhs wilthin At abemsint ore aof ctige ned in

any one of the gaTd“%ldtation tank and said reservoir.

'9. An apparatus as claimed in claim 5, wherein said
 coaléscing element is in the form of a stack of
alternate flat and corrugated cardboard sheets to form
15 arrays of alternate inlet and outlet passagee separated
by porous cardboard.

' 10. An apparatus as claimed in claim 9, wherein said
alternate'inlet'and outlet passages have ends thereoft
" closed and open alternately. '

20 1l1. An apé&atus as claimed in any one of the claims 5,
9 and 10, further including means for extracting a
build-up of concentrated oil-contaminated water withzn
said casing. '

v,

| 12. An apparatus'as'claimed'in claim 11, further
25 including a flotation tank to store_the concentrated
oil-contaminated water extracted by said extracting
means; a reservoir provided on top of the flotation
tank and into which said concentrated oil-contaminated"
water is passed from the flotation tank; a water '
30 discharge pipe having an inlet at its lower end and
extending verticaliy upwards from a central portion



~

arfd 10, further including neans for extracting-a build-up of concentrated
\ C ntan1nated water within said casing. 12. “An apparatus as cl ai nmed |n
Q) | “mm)mmmmum,mcl uding a flotation tank to store the _ _ T
“\conc ntra ted water extracted by said extracting neans; a
_ rvoir pro%lded "onStop of the rotat|Qn4gauk and into which said
concentrated oil-contami nated water is passed fromthe flotation tank; a

water 30 dlscharge pi pe having.an inlet at its | ower end and extendlng *\
vertically ug fﬁmd&ncsf'téaidpeéblee%u taitk tPfa thredotépmiAbgsai d =
reservoir tank to a term ned | evel below the water surface of the

concentr at ed 1G|‘ﬂelcchﬂ]eﬂﬂ fehe WakeEr SuRfage: ofyithe, Sapcepteatedeve

surroundi ng %&1umtm<slﬁatei-thewwe@r disensrge pﬁpe ‘sDe@get 0
separate the upper. end portion from the oil F&%%‘ nated water,. an _upper -

end of said RSE&OUN e PPPRL PR mPﬂﬁt&ﬂ&’ HFERT IIBCRAL BRI o
said skeeve, pi eiﬁﬂésspaﬁaﬁenﬂhegubpgbeenﬁh@mﬂﬂtbnmﬂrnmsuhéaotl-and bei ng

- adapted to discharqge the.wate fron1the
resgr VOoi r; ﬁ&"gr‘? natsd ! %'Fé% p?Beuégg?ogﬁgdﬁdé g?iué; d portion of
t he wat er d|adhmh;rgnrpipeemhbonﬁdghaveuglam|dﬂsnhqnge watehtiptoel ow the
liquid |evel \g%é sg@ e5188 OEXEQ dg%ﬁﬁ ptgg such that
ﬁ% ? sc arg

. the oil sepa he™wat er ron1 e reservoir by
use of the dwfaﬂ:anemu‘fﬁce e\md beingl adlmbmleho dicscharge thefwatar
speci fig gra t n h t Usn &, | ai med
in cl alh'ﬁq 12, \éfe?at he‘l"rg‘i %@l%ﬁécgéfeggé@ %‘gn?vfﬁetﬁbfppaélggnoﬁéiof t he
20 - said f(Adeshange PLPeBUFEQUAJLNE. an upper end portion of the

water discharge pipe sleeve and ‘having an inlet port
sllghtly below the ligquid level and above the upper end
of the water discharge pipe such that the oil separated
15 from the water is discharged from the reservoir by use
of the difference of levels of oil and water due to the
different spec1f1c gravities of the_oil and the water.

13. An apparatus as claimed in claim 12, further
_ including'eoalescer means within at least one of the
‘20  said flotation tank and reservoir.

-14. An apparatus as claimed in claim 12, wherein
intermediate_ﬁortions of said water discharge pipe,
said water_discharge pipe sleeve, and said oil
discharge pipe are flexible, said oil discharge pipe

25 _heVing a plurality of floating rods radially extending
therefrom, each of said floating rods carrying a
respective float and a respective L-shaped lever, each
float being positioned at an intermediate portion of
its respective rod and each lever being pivoted at its

30 apex on an end of its.respective_rod, one end of the
lever carrying a balance weight and the other end of

~the lever_cerrying a guide which engages an inside wall

‘of the reservoir. '



; ;‘L‘4.- .An apparatus as clainmed in claim112, wherein internediate portions
sai d watter di scharge pipe; said water discharge pipe sLeevn and: sai d ol

di scharge pipe are flexible, said oil discharge pipe 2

plurality of floating rods radially extending theref ro “Emm;lﬂjmlmme
floating rods carrying a respective float angga Jespecti

- each float being positioned at an intermedi at€ portion of its respective
rod~and each | ever being pivoted at its 30 apex on an end of its

respective rod,jgne. mdapéaweué ex8r ciéﬁ.fn\éﬂ”ﬁr@ AN, V\ﬁiéﬂxﬁ”ﬂ?f.ﬁ
ot her end of the Iever carr ges an |n5| of the

reservoir. Gpalesadi ngAﬁ g&FagBkeﬁsacPﬁﬁﬁﬁfaﬂ1ﬁHQH hat \$2idin said

coal esci ng el enpiliet &wd Gubbéttpassages airal ordiehtied aiempb@vﬂr?t _
passages are oriented vertically. 16. An apparatus as clainmed in claim9,

wherein the 5 coal escing elenent is adapted for: pivotal novenent so
that the open deds Xn tappatatyatad plaimeds ihucdiaimiong wireredn etiveal ways

t ake -rai ged L . 17. t ig - wat ; ti by 10
coal esei g comboAdErre e fdneRE LE HapRea ror BaYard Lo 10 oent
havi ng t her eon movements sagthat etheaopay endsr ofi dhenglongated! | i ng

ti | e f | ubl
properties, eaﬁa&tsaad as{“ Pl Si{ﬁi@? Qéogui‘:i@t@’ 1%:?5‘%"1: sdgsol ubl e

hydr ous gel on e i ntaining
t he porous nat PoB8itdan®¢; each coal escing elenent belng acconnndated in a
respective casing; inlet and outl et neans prOV|ded i n each of said ca5|ngs

and neans for reversing flow °
7. An apparatus for oil-water separation by

10 coalescing comprising a plurality of coalescing.
elemenﬂs, each element having thereon a coalescing:
layer having oil-resisting and repelling properties,
each said element being produced by forming a
water-insoluble hydrous gel on at least one side of a

15 porous member while maintaining the pbrous nature
theréof; each coalescing element being accommodated in
a respective casing; inlet and outlet means provided in
each of said casings; and means_fpr reversing flow
through each of said coalescing elements so as to

20 permit oil-contaminated water to flow through said .

LN coalescing elements alternately in opposite directions.:

18. Aan apparatus as claimed in claim 17, further
including means for extracting built-up oil in said

nYyY .
_ casings.
- 25 19. An apparatus as claimed in claim 5 or 17 further
including a storage tank to store the‘gilggantaminated
YN, water which is to be admitted into the casing and

suction means for sucking oil contaminated water having
a high oil content from the surface of the
30 oil-contaminated water stored in said storage tank
and delivering said oil contaminated water having a
" high oil content to the casing. '

ikt



4
b ing elenents so as to 20 permt X 7.1
pnt a fl ow t hrough sai d coal esci ng elenentsaltern®tely :
PPOSi n?ﬂm& uw’ﬁﬁm&@ An apparatus as claimed in claim17, further - 4%
_ Lydi ng nmean |ng built-up oil in said casings. 25. -19. An
appdratus as clainmed in claim5 or 17 furt dncluding a storage tank to

store the oil-contam nat ed water which is to be admitted into the-or a said
casing and suction neans for SUCkI ng oi | contan nat ed water having a high =

"oi |l content fypmt gat r red |ﬁ~‘
said storage {d;'nk g‘ﬁasﬁé%?gg?l sal % gélntgafn{%\a ﬁﬂ gv?%é'aa hi gh
oi | content tsnattmouameags inclu&&s aznoum @mhimie:s havcnau Aged in cl a| m

19, wherein SalfeSdigt!' PRogeaes 'BBH:'&%%F% £lany! %&Qgefaaépns g glake-out

tube at a bo reo p05| tioned eve a wei r
cyl inder vertthmiliqeid leVﬁﬂwaBﬂé A teir t‘ﬂéljdlﬁ%? vortieatling adapted to

e or &1 i RSYES e POSLALAN Efle) bt km‘fﬁﬁf (| dgagreg €0 "eﬁ% % as
cl ai ﬁ'ed in cl in theppefpasitigned tﬂll *H’fl%aﬁﬁuﬁﬁﬁ g%ﬁn”@ﬁf"gf '

and’ providing communication with said take-out tube.

' 21.- An apparatus as claimed in claim 20, wherein said
brim is of saw-edge configuration.




