1 DESCRI PTI ON SEPARATI ON MEMBRANE MODULE FOR O L- CONTAINI NG
WASTEWATER TREATMENT, O L- CONTAI NI NG WASTEWATER TREATMENT METHOD, AND
O L- CONTAI NI NG WASTEWATER TREATMENT APPARATUS Technical Field [0001]
The present invention relates to a sepgration nenbrane nodul e for

oi | -cont ai ni ng wastewater treatnent, an oil-containing wastewater
treatment nethod using the sane, and an oil-contai ni ng wast ewat er
treat nent apparatus provided wt h é‘é@? devi ce for a separation
menbrane nodul e, in which water-inso e oil is efficiently
separated from oil-contai ning wastewater over a |long period of tine.
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wastewater. That is, in drilling crude oil, generally, by inj ecti ng
seawater into oil reservoirs in strata, the pressure of the

wat er - i nsdtahbicel Kield i s i ncreased to ensure the production vol une.
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Background Art
[0002]

There have been provided treatment apparatuses and treatment methods for

removing water-insoluble oil from wastewater containing oil including the water-insoluble
oil.

Oil-field wastewater is one type of oil-containing wastewater, and it is necessary to
remove water-insoluble oil from the oil-field wastewater. That is, in drilling crude oil,
generally, by injecting seawater into oil reservoirs in strata, the pressure of the watet-
insoluble oil is increased to ensure the production volume. Since the "oil-field
wastewater", which is wastewater used in drilling crude oil, contains a large amount of
water-insoluble oil, the oil-field wastewater is disposed of after the water-insoluble oil is
subjected to a removal process.

However, in recent years, since water-insoluble oil can be a factor causing pollution
in oceans, lakes, and the like, regulations on the water-insoluble oil content in wastewater
have been tightened. In the strictest countries and regions, it is required to set the water-
insoluble oil content to be less than 5 mg/L.

[0003]
Usually, after oil-field wastewater is subjected to solid separation by means of

weight difference separation, separation using a solid/liquid hydrocyclone, or the like,



[ 0003] Usual ly, after oil-field wastewater is subjected to solid
separation by neans of weight difference separation, separation using
a solid/liquid hydrocyclone, or the like, 2 primary treatnent is
perforned using a plate filter, a liquld/liquid hydrocyclone, or the
| i ke, secondary treatnent is perforned using coagul ation

sedi nentation, pressure floatation, or the |like, and then tertiary
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Under t h€ousenuentlyt mrtbeseatineni of aibfislddeastesvatey direhpeedrimslangg anmuntse a

separation nenbrane nodule ipn tregtnent of. oil -containi st ewat er
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performed.” For exanple, Japanese Unexam ned Patent Application

Publ i cat ingf.. Nol hegreaygam 2ogtRT alsq p matiey plemcernt r eat ment nmet hod i n
whi ch, oBgPn in Fig. 9, oil-containing wastewater 100 is supplied
to the pri y side Si of a filtration apparatus 102 provided with

ceram c separahdedthedEroanan@ses] 1 1s fehsidag:dao e proRRIng t6usd B baratioh! | er
than that of oil particles, treated water is taken out fromthe
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Ctati OnAlﬁgnl?(;[atigg tP%’rr:‘]ltlcalt_iiogl %0§%92r4%472 (PTL 1) provides a treatment method in which, as
shown in Fig. 9, oil-containing wastewater 100 is supplied to the primary side S1 of a
filtration apparatus 102 provided with ceramic separation membranes 101 having a mean
pore diameter smaller than that of oil particles, treated water is taken out from the
secondary side S2 of each ceramic separation membrane 101, and at the same time,
concentrated water is supplied to the primary side of the filtration apparatus in a circulatory
manner until the concentrated water on the primary side reaches a predetermined
concentration.
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However, in continuous treatment of oil-containing wastewater, the flow rate is

decreased because of adhesion of water-insoluble oil to the surfaces of separation



[ 0005] PTL 1: Japanese Unexam ned Patent Application Publication No.
5-245472 Summary of Invention Technical Problem[0006] However,
in continuous treatnent of oil-containing wastewater, the flow rate
i s decreased because of adhesion of wafer-insol uble oil to the
surfaces of separation 3 nenbranes. Consequently, usually, in order
to deconpose and renove water-insoluble oil and to continuously
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ceramic membranes, and separalion nyembranes compose polyethylene or

polypropylene have insufficient physical strength, which is a problem.
[0008]

Furthermore, an apparatus in which heated oil-containing wastewater is subjected to
separation treatment without decreasing the temperature is required to have heat resistance
and resistance to a heat cycle in which low temperature during the stop period and high
temperature during the heating period are periodically repeated, and the oil-containing
wastewater treatment apparatus is installed, for example, in cold climates where the
difference between low and high temperatures is 100°C or more.

However, in filtration membranes composed of resins which have been widely used
for oil-water separation treatment, heat resistance is not satisfactory.

For example, in PP, PE, or PVDE, when oil-containing wastewater constantly
heated at 60°C or higher is supplied, the resin is softened, resulting in a change in pore size,

and in PE, breakage easily occurs.



However, in filtration nenbranes conposed of resins which have been

wi dely used for oil-water separation treatnent, heat resistance is

not satisfactory. For exanple, in PP, PE, or PVDE, when

oi | -contai ni ng wast ewater constantly hdated at 60C or higher is
supplied, the resin is softened, resulting in a change in pore size,
and in PE, breakage easily occurs. 4 Furthernore, as a
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there is a case where the device is conposed of a ceram c powder
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provi de [Gogh] heat resistance so that high performance filtration can

be continued over a long period of time. Solution to Problem[0010]
In order to sbismeschbinyepinnekas been f¢hievediinyisnt ¢fdhe problanetedeseribed above.
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menbr ane nodul e for_oi]-containing wastewater treatnent is ) .
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sul fone (iRES) and which has a tensile strength of 30 N or nore. The
hol | ow f'g‘ber. manﬁrr gre has a heat distortion tenperature of 100C or
hi gher. PAVEARISERPIRY menber of the hollow fiber menbrane is
conposedj@fiof thernosetting resin having a heat distortion
tenperature of 100C or higher or a hot-nelt resin having a nelting
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module for oil-containing wastewater treatment, which separates water-insoluble oil from

oil-containing wastewater that has high turbidity and/or high temperature. The separation
membrane module for oil-containing wastewater treatment is characterized by using a
hollow fiber membrane which is composed of an alkali-resistant porous membrane
selected from polytetrafluoroethylene (PTFE), polysulfone (PSF), and polyether sulfone
(PES) and which has a tensile strength of 30 N or more. The hollow fiber membrane has
a heat distortion temperature of 100°C or higher. An end-sealing member of the hollow
fiber membrane is composed of a thermosetting resin having a heat distortion temperature
of 100°C or higher or a hot-melt resin having a melting point that is 1.5 times or more the
operating temperature.

[0011]



5 The present inventors have found that, in the case where
wat er-insoluble oil is separated fromhigh-turbidity,

hi gh-tenperature oil-contai ning wastewater, a separation nenbrane
modul e using a hollow fiber menbrane of a flat nembrane of a porous
separati on nmenbrane sel ected from pol yt etrafl uoroet hyl ene (PTFE),
pol ysul fone (PSF), and pol yether sul fone (PES) has excell ent
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heat distortion tenperature of 100C or higher. Specifically, the heat
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not easifgpigpcur even if used over a |long period of tine. [0014]
Furthermore, polytetrafluoroethylene (PTFE), polysulfone (PSF), or polyether
sulfone (PES) constituting the filtration membrane has a heat distortion temperature of
100°C or higher. Specifically, the heat distortion temperature is 121°C for PTFE, 181°C
for PSF, and 210°C for PES. Regarding the heat distortion temperature, the membrane
can be selected depending on the temperature of oil-containing wastewater to be treated.
Furthermore, the end-sealing member of the filtration membrane is composed of a
resin having a heat distortion temperature of 100°C or higher, as in the constituent material
of the filtration membrane, or a fluorocarbon resin which is a hot-melt resin having high

heat-resistant temperature.



Preferably, the oil-containing wastewater to be filtered with the
filtration menbrane contains water-insoluble oil having a kinematic
viscosity of 1 to 600 cSt at 40C and a density of 0.7 to 1.0 g/cn8 at
15C. Wen the oil-containing wastewatef is filtered at 60C to 200C,
preferably at 100C to 200C, the viscosity of the water-insoluble oi

i s decreased, thus enabling filtration. The case where the

wat er - i nsol ubigcdiht MRdich HéEEasE hyd Of eBd-bedlMmgménbdrdade Rdat ZR(st6R8 as
al so be suitably used, The oil content in treated water subjected to
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hi gh at sicnce th eases, even
wat er - i npaiaddfeind.| havi ng a hi gher VI scosity at anbient tenperature
can be filtered. [0015] The reason for setting the kinematic

Vi scosi t&p 4l t he vi scosi ty of the oil-containing wastewater to be
treated wth I‘x@f“erﬂf%?&ﬂ Q0 FRIHY ANFeRAUD S ieerdd! Wit SR FAE M dimem 2
wast ewat er treat the present invention in the range descri
above i scarftats whtet-ivesolubleye! haviexe kindmedfic abessty@f 1tto 600 eSAOUS and a
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wat er-insol ubl'e oil° do not easily bind together, and coarseni ng or
parti cl eddcorased. itys egebléngiliratiersi | y occur. The wat er -i nsol ubl e
oil containedyin the,oil-contain wat.er | rtigul a

i ted as 1 bl e gl BBl R BT NEE Y Flost oEBY 48 BY' uEH Bk
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separated fromwater and forms aartlcles in water. Exanpl es thereof
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oil content is adjusted to 10 to 2,000 ng/L, and the water-insoluble
oil is pl;oé)éé]n in the formof dispersed oil in water, as fine
particles wt t y/ .
Not e t hat theﬂ{/e?rsg%gllﬂtncéegcn tﬁékﬁ\/\g?{g??}lﬁg% ubrglrﬂeo‘}’lgcég?éﬁeg%g)?l e n%ﬁl%c
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Pr ef er abl " the oil-contaj ning wastewater_ to be fil ed wi.th the
1t ot | BRG SRS &5 BEHPATER o AbE e FerbRh oo dr Bptitdu
solid C%ﬁg@fsré‘&ééa@d ofdhesibiPtoAfle BORuSMakerial theRBiEdd &M ﬁ‘fevermble clogging of
high-turbidity oil-containi ng wastewater having a suspended softd

concent r e inembring @@urspgsultiog ima dgficilgoib&pcuring a sufficient amount of treated

water. On the other hand, if less than the range, fine particles of water-insoluble oil do

not easily bind together, and coarsening or particle formation does not easily occur.

The water-insoluble oil contained in the oil-containing wastewater is not
particularly limited as long as the viscosity range described above is satisfied and the
water-insoluble oil is a water-insoluble substance which is separated from water and forms
particles in water. Examples thereof include mainly petroleum-based hydrocarbon
solvents, such as naphtha,

Regarding the oil-containing wastewater, preferably floating oil or the like that can
be separated by weight separation or the like is removed in advance as will be described
later, the water-insoluble oil content is adjusted to 10 to 2,000 mg/L, and the water-

insoluble oil is present in the form of dispersed oil in water, as fine particles with a particle



As descri bed above, preferably, the oil-containing wastewater to be
filtered with the filtration nenbrane is heated hi gh-tenperature

oi |l -contai ning wastewater the tenperature of which is 60C to 200C. In
the present invention, depending on the tenperature of oil-containing
wastewater, the filtration nmenbrane and the end-sealing nenber each
have a heat-resistant tenperature that does not cause heat distortion
at the tdppartuieoafo sudmicmntaaideri ng wast ewat er. [ 0018] The

hol | ow fi ber nenbrane may pe any one of single |layer, a_ porous
doubl e | ayer N%ﬂe?aithf‘gwawéﬁbagﬂl@ valsrapsolple 1lis measisdor 208y #Fing facked
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pore di af@®léf of 0.01 to 1 gm [0019] Preferably, the hollow
fiber menbra verall has an inside dianmeter. of 0.3 to 12 nm an
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thi cknesg P cdhtAnihg whst¥Wated hROKS A ishipeRleBAHBnEAHSNET BT EEFRHHE/L,
resistance, in terns of maximum perm ssible transmenbrane
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poi nt was %ett(rarm' nﬂ in the same manner as t hat descri bed above, by
the met hGUFHHCES 8%8311 R4S K 3832 usi ng i sopropyl al cohol

(1 PA), amdiyhe hollow fiber menbrane itself was used as a specinmen.
The porosity of the hollow fiber nmenbrane was determ ned by the
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surface was .nade non-porous_by, applying silicone grease or the |ike
to the seRaEBBEFTasiewaEar B itdion menbaasand e endeealingmembes sashdhayg e

appl i ed o . . . _ . -
i oxi s R (nfEui gt ho Aulh e opionith e eBlocl i of o
bet ween tdgaipmgveasieweiste and t he secondary side of the nenbrane was
rreasuredog)\fgfy 10 kPa within the range in which the size of the

menbr anel®i 8l not subst ant i ally change before and after pressure

appl i cation. The holloW ibddEncaMtBndthaf bt 8hShe PN LSRHE Baykt, laldoBus ABub¥RSer
both ends of a hollow fiber nenbrane were fixed Tn a constrained

st at e at ingludingcresuppoit taydr piha filiration hayteh stackedtag feaptaymtba patdr side of thee

i nsi de of thg t ube \ﬁ/as abl e {Eootﬁ_n textrac ed fromthe both ends, with
si | i cone™§Pe daveh&nil g0 AppTEHIc '?'_81?1111@6 t%®f- surface of the tube, the
hol I ow fi ber prefEb N ehd'BRraBbARAREUrihethal 83hQH PaRLGhRGier 800L.0NYSI aWd i C
pressure was applied thereto. Then, after the tube rel eased the

appl i ed B0d8kure, the nmaxi mum pressure at the tine when the outside

i amet er et Ut 0pd 0 Rkt RSl 26 8n LA RNRS ARRLEEALH D3 0 12

measured ever
mm, an outside diameter of 0.8 to 14 mm, a bubble point of 50 to 400 kPa, a thickness of

0.2 to 1 mm, a porosity of 30% to 90%, and a pressure resistance, in terms of maximum
permissible transmembrane differential pressure, of 0.1 to 1.0 MPa.
[0020] '

The bubble point was determined, in the same manner as that described above, by
the method in accordance with JIS K 3832 using isopropyl alcohol (IPA), and the hollow
fiber membrane itself was used as a specimen.

The porosity of the hollow fiber membrane was determined by the Archimedes
method. In the calculation, the specific gravity of PTFE was considered as 2.17.

Regarding the measurement of the maximum permissible transmembrane



The hol |l ow fi ber nenbrane may be either a single-layer or
doubl e-1 ayer hollow fiber nmenbrane as long as it exhibits alkal

resi stance and has the bubble point, parosity, and nmaxi num
per m ssi bl e transmenbrane differentialspressure descri bed above. The
hol | ow fi ber nmenbrane is preferably conposed of porous stretched PTFE
in view of alkali resistance and excellent strength and durability.

[0022] differenBalefressatd, yn thekasdsflihtemial pleesdurerfitiatian eypgeastie thep@bduge-
strength of 30 tg 150 N at 25C and .an | PA buhbl e point of 50 to 400
kPa. applytRg swidacs Sypsrpgdednmosepstyeapplying e 5easaer B liksdo His1 | ow

fiber MeghEARSs 2holfy Flgeﬁﬁgm{s%’ﬁej hlhdtat p?éssdrﬁﬁguﬁfg{?@ﬁd pgl;g’ f5a tﬁ{?@ﬁlﬁl

the pore size Is too rge, liquid water-i1nso rough
por es of whteeimpehiohd,500ne/bofirormlneirotide pamioles pessdibparsddo  dihe difference in
treated water having.,a water-.insolyble oil conte of lLess than 5

mg/ L. mPrFFFé‘“'o{’]ﬂ‘éfFe s rimary ﬁlﬂﬁanfﬁ ﬁ@ﬁ%@%,e%ﬂhwqﬁ%‘w agasuredg

too smal éver%q 0 RB& mh Ak tidee ¥h Whidh (ROSIVE 8f T nBY di@fnot §1ﬁ)§faﬁgal}1yg

wat er; and because of poor perneability with respect to a cl eani
| i qui d ushedgé beforsandiafigr pressae apjicefion.he menbrane, cl eaning

recoverability is poor. The r Limg of the. |.PA bubbl e point
< pr of o abl yRdbE R 8E prmpLeresite HEoR bePebaiBegdsis Mo SotRor o
and the gpR®Fankiwiré fiked P £ERkafhyd S8@ akE%ré@l’étehﬁﬁl‘éd |eh §RKehat Water
preferably 350 kPa or |ess. Not e that the |PA bubble point was

det er nmi rieemggted o tha ingide ohtheduler wanahle (0 heexitagiel fm@e@@ﬂhg;ds, with
i - . ib i
used ag” diGEd Eiss bR ok Tl Bho R i RE AL Rl Bt #@Rbrane

por ous detdplecddayiersehlet howkifig, had hpdabliepessucdwihapilicd tikeetous Then, after
stretched PTFE sheet serving as a filtration |layer is wound around_ a

porous stifdikaelsassihe applicd Passsgothg smaxmgyppeessine 2y tie e when thgiopiside
used. : - I j I ,
the Tt eas ampEP iRl e Vep o HopRtcti] B Rl il TRTYOONS:
so as to[ave a sheet-wound structure is that a porous sheet is
easily subjecte 0 uni axi al, stretching and, biaxial stretching, .the
shape, si ze, C‘ngmﬁlﬁéf o &SRO Ry Fﬁe{?frfé aémaﬁeafa@erc%rrffoagfeéam llow
adj ust edgp@nEersharkidBnk 8s frakhible kel rdsiednde \%{1{95&? Ak babﬁlegainilp:ofesitﬁy

using an extruded tube as the support |ayer Ich 1s an 1 hner | ayer,
f or mabi | artdymasimyoopgrmisseble trgemdnatyaze difeteaiial prbdsvlenbssitmddibove. eddicl vy

Pagygggglao\_,ﬂ(}vp ﬁgt%fnflénclz‘tl)r%nné issl}rtraf%pa%iyhéon%]o%eé QF p(?rglrlso sst}et[éﬁeﬁ ?’Q'P%ein%?esv{f l)y alkali

resistance and excellent strength and durability.
[0022]

Preferably, the hollow fiber membrane has a tensile strength of 30 to 150 N at 25°C
and an IPA bubble point of 50 to 400 kPa,

The reason for setting the IPA bubble point of the hollow fiber membrane at 50 to
400 kPa is that, at less than 50 kPa, since the pore size is too large, liquid water-insoluble
oil passes through pores of the porous membrane, and it is not possible to obtain treated
water having a water-insoluble oil content of less than 5 mg/L.. On the other hand, at
more than 400 kPa, since the pore size is too small, it becomes difficult to ensure the
amount of treated water; and because of poor permeability with respect to a cleaning liquid
used for chemical cleaning of the membrane, cleaning recoverability is poor.

The lower limit of the IPA bubble point is preferably 80 kPa or more, and more
preferably 100 kPa or more, and the upper limit is preferably 380 kPa or less, and more



[ 0024] The support layer and the filtration |layer are each
stretched at least in the uniaxial direction. Stretching may be
performed in an axial direction, in a circunferential direction, in a
radial direction, or the |ike of the t&e, and may be perforned
uniaxially in the axial direction or the like, or biaxially in the
axial direction and the circunferential direction, or the |ike. The

stretch pr@ihblyG30kPAoERAs.be appropriately set. In the case of an
extruded tube, the stretch nagnification can be 50%to 700% i n the

axi al direct i Bptedhat thpihiobubbimpaint wakdetqrmingdibyrtprctioddn pecordane with
1 Goome 1 Heehe ToRgHE SAPREY bIELFPAT RGTEGNGL FE SRR P ve by

di recti ofis a specimmert.i cul ar, in the case where a porous stretched PTFE
sheet is_used, stretching in the lateral direction is easily
perfor melP02Fher ef ore, when the sheet is wound in a tube shape, the

strength int i J j i ] i [
posei bl o 10 i Moy Sy STl Bk Plenbral, R RGlo g RoiAR 10y h IR P YE Rt hT
di f f usi owhih agparows stitetvhedl PREE sheat spivamesasraefiliratich biyer it ovanad kst iarpgrous

Furthernore, t ort | ayer conposed of a porous stretched PTFE

t ube andsqﬂgleﬁ!bﬁﬁﬁgﬁﬁeqv%@? aéf"gpr?rhﬁ'@@rr h‘tsé‘Ha. ti*%ach ot her, and
pores of the RURPPTHE |p%¥(ﬁfs_d@ﬁﬁlle¥19fe@ $1006wtiber fulebrk] B8 réR%i€ For formin‘gL the
t hree-di nensi onal | y conmuni cate with each other. Therefore, good 0

per neabi filttajiop dayebwhisihtis an euter [ayo®) asThbaveeasherawomhsitushuge s bt por es

resent in |arge, anpunt LN out et . per.i pher f the fil.tration .
Poyer i sP@obeURg: RORAD, aieledinainieSial SFHERPE aifg Biestaf Spsbibedhe Sioe. e
| ar ge anmmwithelilike bh ores RPOE ulfdtasan B8 @asilir ddpisesde thdstadktigs fsifdiRtated in the
skel eton. Specifically, the nean Iength of pores in the filtration

| ayer i sfosmediarthin §lm o, By usngsmn extruded vekeras|tesgipporflayss wich in an firer layer,
support r S . j e B

s possi SEEpE RbelE: e BEL AR shoftFindiRles o3 1PESHY Bt igel e mcibly

t he i nnestrqa@th, phéthe irdbity chfB26silyrinérossedut er surface of the
filtration |ayer, preferably, the areal occupation ratio of the pores
relativel%4 he entire surface area of the outer surface is 30%to

90% when ”EaSPﬁeeﬁgB?!gt ﬁ%g%&aﬁlgcfﬁﬁactiorﬁQa e\f\g.gé;eefcﬂ ‘Etr@tﬁﬁ@d at?@atq.:ﬁﬁa[hé BRiaxial

ratio of the pore to a certal ree, even | e maxi nmum

| engt h odlir¢dtienp oBerstching smel e, perrformed pomsadidlalitectiaf, in & ceatrhferantipl ove

the fil tgllér‘éciti(())g, earrfagir 1?&%0\1/1\/5 (Erq el:J {ikéj gfc tﬁ'lg?u ie[]gncf rrrllgy !cggfér%e%'uniaxially in
the axial direction or the like, or biaxially in the axial direction and the circumferential
direction, or the like. The stretch magnification can be appropriately set. In the case of
an extruded tube, the stretch magnification can be 50% to 700% in the axial direction and
5% to 100% in the circumferential direction. In the case of a porous sheet, the stretch
magnification can be 50% to 1,000% in the longitudinal direction and 50% to 2,500% in
the lateral direction. In particular, in the case where a porous stretched PTFE sheet is
used, stretching in the lateral direction is easily performed. Therefore, when the sheet is
wound in a tube shape, the strength in the circumferential direction can be improved, and it
is possible to improve durability against shaking of the membrane due to diffusion of air or
the like, and pressure load due to backwashing.

Furthermore, the support layer composed of a porous stretched PTFE tube and the

filtration layer are integrated with each other, and pores of the support layer and pores of

the filtration layer three-dimensionally communicate with each other. Therefore, good



[ 0027] Specifically, preferably, the porosity of the filtration
| ayer is 30%to 80% and the porosity of the support layer is 50%to
85% Thereby, while being bal anced agai nst strength, the perneability
fromthe outer periphery side to the ih‘ﬂer peri phery side of the

hol | ow fi ber nmenbrane can be further enhanced. When the porosity is
excessively small, the flowrate is |iable to decrease. \Wen the

por osi t ypérmeabitiessintsd gbtdiagdye, the strength is liable to decrease.

[ 0028] The thickness of the filtration layer is preferably 5 to
100pm TH®2Pkason for this is that if the thickness is smaller than

t he range, f ' : ' ' j £ f 1 cul

even if the thic F}%ggﬁ{ﬂéﬁ alrefé;ngrht %fﬁjgh&{hll%&%{glﬁég,%el t opgﬁﬂélﬁ%ogg%%{%g%?
i mpr ovemnefihe ifiitration lhydrtis set smallgrehdmothramnae makiveumtendtin e8 sore$ ptehent in large
support | ayer. .i referably 0.1 to Ther eby, sati sfact or

ot P ot e TdiEbee B etend orpRnded gt Bbrowieidoh. SRacaftal, e

ci rcunf epRRt | ALHAIRE I MR (18A0oh TaybSisPRElaBlyel % G BRI YR HEdAlkhsthloy
agai nst 1 nternal and external presSures, bending, and the |ike. The

i nsi de dpemeinethe ghpponclayerpagrmotegyefierably v sofiabl ashplogsible3 Thereby, ntnis

00201 T R SEREITRS AARE Ml b SR e e Y S

sel ect ed[dooem an external pressure 11 type, an external pressure
circulation type, an internal pressure type, an internal pressure
circul ation t%b? ogigesuiice phidedileationdgger, preferablgikearpalgrypatioy ratio of
pluralit f | ber r . | enbly,
nd the. GsBeriSlafigs (M hRE TR ENGanELfrel SBRE 4 TR O ATERE
ext er nal mpaesslibeiniddetpradesaing.t yWhien theeitt obalpanoe fsiorof tied pared Rthighto a
filtration type nodule is formed in which each, hol | ow. fiber nmemhrane
has an offdkikHeereh gven ithrmaxiann leggth qfiibe peygsissmalicit iieassifle torstiagiently

portion i i ot elo L - YE o WaTo into the inside
of the e%PkngeggP.&%ﬂgﬁf@%ﬁ%ﬁ‘ﬁet plgfg%r?%ﬁ o%ﬁg@v}ﬁef ered, treated
l'iquid, [d&7putlet portion comrunicating with the open end of each

hol | ow fi ber ane, d i scharge portion for a -fi re
"Tauid that rREeHisasuderabf Beatron e drbihen Byersngn © 80% ad te
communi Cabioligy ¥f the sﬁﬁ}%rﬂﬁ&’ié‘%%qyISS%gerTherebP(, whiftl BEh B ARl Ygaist

internal” pressure filtration type or internal” pressure circulation
filtratistrengshychaprameabiliy ffaomn thedovter penipbéryeidetto e inoey feripbery setemfae

has two n ds: anpd the ul e includes i nlet rtion for

o r oduchaipv RBSneRRERE S es el ik Br BorsRRY e Bpmshiobrmal.
of each helflgWidid RelabERIBEASe. 2 Wienaha pa® siPistdxdssively 1aips Ciha kéiidh &
non-filtered liquid that has not been filtered fromthe ot her open

end, andlighle budecaqasportion for a filtered, treated liquid, the outlet
portion Wni cating with the inside of the external cylinder.

The thickness of the filtration layer is preferably 5 to 100 um. The reason for this
is that if the thickness is smaller than the range, formation of the filtration layer is difficult,
and that even if the thickness is larger than the range, it is hard to expect improvement in
the filtration performance. The thickness of the support layer is preferably 0.1 to 5 mm.
Thereby, satisfactory strength can be obtained in all of the axial, radial, and circumferential
directions, and it is possible to improve durability against internal and external pressures,
bending, and the like. The inside diameter of the support layer is preferably 0.3 to 12 mm,
[0029]

The separation membrane module for oil-containing wastewater treatment

according to the present invention may be of any type selected from an external pressure



In the case of an inmrersion filtration type nodule, a plurality of
the hollow fiber nenbranes are fornmed into an assenbly, the assenbly
is placed in an imrersion tank with the oil-containi ng wast ewat er,
each holl ow fi ber menbrane has an open”end and a cl osed end, and the
nodul e includes an outlet portion for a filtered, treated liquid, the
outl et portion communicating with the open end of each holl ow fi ber
menbr anetypk08&ternal presstiecitealationvtfpebat int@hd] padsetre YR ah HterhhlEpressure
external pressure filtration type or external pressure circulation
filtrati SFCHlghon ki @nd ap iramersith tyPhrave an outside di aneter of 1 to 5
mm an insid j r i 00 0
The hol | ow fi Ber ﬁ%ﬁgraaﬂgrg ﬁag%ftcfﬁ? g?lwgﬂ%gpﬁgﬁg%r%&ﬁeg%&él a{nr g?e?%f?r%y,
type or &amdi thensdenthlesdiongedinran ihside ofant grpenaieglihderpr Ahexbla) phasae an
outside djameter of 1.3 to 20 mm an.insjde dianmeter of 1 to 10 nmm
and a pogbg%tlpptmﬂ%@%wt@mﬁ@urfsw i tr&&e%ﬁmeyn%#k}fé|f@wdﬂpb@vch
Menbr ane g, dn ol 1A & e theMHineaRis %{r? ggén ard% éo&??—:[nd}a?ndqﬁé hﬁ\&'u{e' iR@lides an

menbr anes havi ng good chem cal I stance and tration perfornmance

Wi t h r espéetpottioniat ertrodnsiog thsl al-cortaining wastefvagdréntabthe/insidh ef Hel dxearnal
fiber menbrane fill)ing facftor in the assenhly.is about.20%to 60% so
that | t hePQIGRL AR QLR Sbp SLGHe. Temtro e Sufld POt Ene
fl ow chapiglih®bpedicnd GPRAH KUY MRS heWMrehe, GAM 2 BRCcBAE p&¥Hon for a nor-N
the case where the separation nmenbrane module is of —external pressure

filtrat i BHenedbguidrihgithag notheen dibinredi thergscharge garicarcomgnyientiod witivtbegh

fromthe qutsid?.tomard the inside of the hollow fiber nmenbrane or of
external cylinder. . ; ) .
ext ernal “pressure circulation type in which non-filtered

oi | - cont ai ni ngltsasiwg e intehal BessuedHikiagon typet dhietniEpre Ay @fdubifion
menbrane _nodul e, the fouling on the surface of the hollow fiber

nmenbr anefliEton&ypsvisprduleisforpgd inauhich eachihoblamwdiber membyanechap dwe opert endls;
nsequ e%ﬁds%lfe Fg)\ﬁ%ﬂ: inb1uh08, V\%Ie? p%ﬁ@agb@gﬁguﬁédu%%ﬁ% gﬁlt?& tatmgg mgtewlatéaﬁ 11nto

suspende concentration reated-are
filtratiome eftthe bpercands iofissth hollolvefits prntssid) g dischrpe gorvion fivedi sebatdigne

surface and_clogging. In the case where liquid filtration is easil
per f or reRonfilef %ﬁ@i%ﬁaaﬂ@s ﬁa?wepgil@mqmélw Ahereansn end,aad apogtley qortion
filtrati t b VM - b O i:

ci rcul atgganfggé?egggﬂg%g}lh&dm%%%q&t éﬂ I%I?ﬁdél?m %ﬁ%&g}ﬁﬁ?ﬁ%qggg%%& e
parti cl esxtemalglindat er are sufficiently large conpared with the pore

chameter of UG SRR et On L1, Lk A LSl S
the insi §RMLPWRE BretfiAn&Hntd AfasBémblyethB abde@W]y sif4ce MBNR AftEersRn tAfk with
internal pressure circulation filtration type nodule may be used.

[ 0032] the oil-containing wastewater, each hollow fiber membrane has an open end and a closed
end, and the module includes an outlet portion for a filtered, treated liquid, the outlet
portion communicating with the open end of each hollow fiber membrane,
f0030]

The hollow fiber membranes used for the external pressure filtration type or
external pres'sure circulation filtration type module preferably have an outside diameter of
1 to 5 mm, an inside diameter of 0.5 to 4 mm, and a porosity of 30% to 90%.

The hollow fiber membranes used for the internal pressure filtration type or internal
pressure circulation type module preferably have an outside diameter of 1.3 to 20 mm, an
inside diameter of 1 to 10 mm, and a porosity of 30% to 90%.

[0031]

The assembly of hollow fiber membranes includes as many as about 500 to 8,000



In the case where oil-containing wastewater to be treated has high
turbidity and high tenperature, preferably, the shortest distance

bet ween outer peripheries of adjacent hollow fiber nmenbranes in the
assenbly is set to be relatively large;“i.e., 0.5 to 5 mm
Furthernore, preferably, the filling factor of the hollow fiber
menbranes relative to the cross-sectional area of the assenbly is 20%
to 60% hollow fiber Mt bradciavingd goddychemicatl sisiztange and &ltatiow eéifornange with
di stance between adj aceni hol | ow fi ber nmenbranes, high-turbidity

oi I - cont 5SRFGh & WaSE-aRatdle @thn be nade to flow while suppressing

occurrence of fé?&ﬂ#r Qgcf Hﬁid’%@ﬁﬂeﬂﬂéﬂﬂﬁ%@ KRS, r% fH@chn{)atﬁg ﬁsselkxggl?ighboﬁlt%O% to

menbr anes vm't an I ne aqueous solutio ers ot

hol | ow fE%rsonhatbheamemncesttWemacbacbnbdmﬂymﬁbﬁlmrs inerezsat end thel flove thangel
header, aI|n resin, an inlet for liquid to be treated, and
an exter ﬂ%l‘i’1 S%tPﬁB’@rwaséé%ateaﬂcﬁBbﬁﬁﬁ‘g"%f an al kal i -resi stant resin.

Speci fical ly, InrtﬁaaaseIvﬂﬁr@th%%@;kdrmmrmaﬁﬁranMOQmeqk 9§@>§terﬂﬂlepr9§%§fk sndist
each of the hollow fiber nenbranes and fixes the hollow fib

menbr ane@pasn afhlqhs;slewa}nmgdve’@tewai@r agpasesdiibroughifchn fhe>®§lddeWhUI thow

fiber e oth 1 ber
ety anclssgon s Aiey B PR S St R i) sEESitr g reuafon Sbr BhehicRhn-
epoxy r efittred dilRPhI4EHILE RABOWARS 1srtec1a:u$atéd GORRLMES bdpafatioh Rembra madule,
unsat urated pol yester resin, or a thernoplastic resin, such as a

pol yol ef the fpelingrpnthe aurtaqee shanaltony Flaagimembprang gandhe swept awahby Eetes ofal
cyl i nder gl.& &ﬁﬁhfﬁ%@% &eL&Hrg gtofféceqﬁe t Q\leanP{h% /X@éf m?éiﬁtﬂe g@@ﬁ@&@ﬁ%ﬁe

steel, or an éngi neerin an resi

PTFE, PSkysp8iiad sOlid ElﬁEléntratlon in th xpsd tcalﬁmmﬁ arehighh ﬁltﬁaﬁfon cambet he

li ke are Sin]gﬁ nposed of stalnless steel PVC, or the 1] ke.

The menbeymg: E"Pi g a%nmgssméowa Quibe PserbraRG B RAe aRheloEsinga vk thesase

[ﬁz ' i;gg&@ﬁ@'ﬁqtﬁ FrilGabn N S Iéér?d}nfeﬁ%ﬁ ggfn% i araQQS:C&]E‘ ol chh*EEfr‘ﬁal: 2

erm)settlngr sin ting point t
1.5 ti nmepreshee ai;bﬁiteatnongypearrpmﬂaimwhlchmhet]Incpud&sbae tnéated Bobt cedulatedesian be
[ 0034] Furthernore, in the separation nenbrane nodul e of the
pr esent Ps$edent | on, preferably, an air diffusion pipe is disposed at

the |ower porpj e QherliBfdanseibisy %Eretﬂﬁ?nél&l QW Vi RG arRITRE RSP large
arranged in a vertical direction, d 't he separation nenbrane

pr ef er abtgmpared wdbshdommtw@frﬂmmpm layter, mrdmbshkmdremtgn@sscﬂserea

treated id.as a ckwashing liquid.into e h

rembr ane ligh RaRotR Rk et SH i Pisped BE i e e tovgpa the
provi di nguikiae ofite HllbHWIER MeaMtRene, Btk MEerhdlHresaictHCHafibh filtAkion rﬂype
operation, bubbling of diffusion air can be generated fromthe |ower

part of medulcanasrbaissdh menbrane nodule or from a pipe connected to

t he IoweLOgQLtlon of the nodule to vibrate the hollow fi ber

menbr anes, "and thereby fine particles adhering to the outer surfaces
of the hol | ovinfthdedse metieks gihesntainihgbeassdvadt@ito dkfireated has high turbidity and

high temperature, preferably, the shortest distance between outer peripheries of adjacent
hollow fiber membranes in the assembly is set to be relatively large, i.e., 0.5 to 5 mm.
Furthermore, preferably, the filling factor of the hollow fiber membranes relative to the
cross-sectional area of the assembly is 20% to 60%.

In such a manner, by maintaining a relatively large distance between adjacent
hollow fiber membranes, high-turbidity oil-containing wastewater can be made to flow
while suppressing occurrence of clogging between hollow fiber membranes.

[0033]

In the present invention, as will be described later, in order to clean the hollow fiber



Furthernore, by periodically sending under pressure a treated |iquid
as a 14 backwashing liquid into the hollow fiber nmenbranes of the
separati on nenbrane nodul e to perform backwashing, the filtration
per f or mance can be maintai ned. [0035] 13 A second invention

provi des an oil-containing wastewater treatnent method using the
separation nmenbrane nodul e for oil-containing wastewater treatnent.

The oi | - gAY REtHWRSIIRMRE @ udduS 3bINESH, MEhbRS ofher SR HRHRIOWZESEEri N
that oil-containi ng wast ewater having a water-insol uble oil content

( n- hexanBeydIransy, weh 8s ¢ Hxmgooembyy/ a watsr coltegting headge @ sealingrrgsinogn inlet

or 1 oss e MNE R e et £ IRFRT DRGNS Shink) B mBl TPl ol "

kPa or nmssim.and | ess than 100 kPa, the transnenbrane differenti al
pressure is 180 kPa or | ess when the | PA bubble point is 100 kPa ar
nore and | essORGsHIFallBgeggsding Arigalingemembersiinh eloses enerapen eng phgach of the

Pr essur epjigy @i@erklgémpfanlesegtﬁi Mhd BSl1W ﬁbé}qg%@‘r’ag% Al a§se§r§%{ El?d':a fking

nore and 4001cPa or less; and the water-inso ol | con
filtrati orntbeeahid fixes e lidloeSlser memrbranasg¥ith ihi othiee opasendvdfeneh vihe

wat er-in ubl.e oil content, in oil-containjng wastewater i.s 10 /L
o mor e BRLP SBEOMHEPENGS Dk 8 SLARTISHLE RGP ROE LBIT S6h oS S8 FPERY
in filtrakipn Bfﬁl?élt%e%éiﬁ,ra diBedr@$Ssit Hﬁﬂbel'),'w/a.ﬁuhﬁtﬁrﬁﬁd%@ﬁ%st%&ﬁi_&gﬁf

wat er -insol Uble "oi | content in oil-containing wastewater i's 3 ng/
nor e andthesmeplasiipresio, swgh s a polyaBfin resin ot a flupiosarboe agsime g usedt hod, by

mai nt ai ni ng | ance_ bet n .t he .| PA hubbl.e point, of t.he holl ow.fi ber
Terbr ane and TREOUFBRYRITANE A e pesep g BeBrietinh s AHutpstol e
oi | doesstaéll oPasegitteAHE Plages, 86clPds AneR P edsol) PVE MRIBPEFES PSH@EROL oW
fi ber nmenbrane, and an adjustnent is nade such that water-insoluble

oi| can BEEEKificiently rempved from oil-containi ng wast ewat er.

I h of t A ' g . i,
e o oS BB RS ORE it GRSy LR e e
di f f erenPVa, opthediker e i s exceeded, water-insoluble oil becones to

easi |y pass through, pores of . the Borous menbrane, and it becones hard
to obtain a wWhREHEMRES/coBitidutya the hakew dibes membrane pagdule baye heyregigarce

than 1 mgld., whi &i@mh&ﬂ@ﬂ@%ﬁ&@@ lneloq°c or h\';’%h%i & ﬁg lc?(sig A&%ﬁgi@%@?ﬁ?&(} e

differential pressure iIs a or |ess ent

t he hol | omhdvielaneltiegpomhthai & 15Dtikatheropemtiag &amipdratas: ihhkacakd 6f k Rat-melt
Preferably, the transnmenbrane differential pressure is 100 kPa or

| ess whelfSthhe | PA bubbl e point is 1001cPa or nore and | ess than 150

kPa.  15[0034]

Furthermore, in the separation membrane module of the present invention,
preferably, an air diffusion pipe is disposed at the lower portion of the assembly of the
hollow fiber membranes arranged in a vertical direction, and the separation membrane
preferably includes backwashing means which sends under pressure a treated liquid as a
backwashing liquid into the hollow fiber membranes from the outlet portion of the treated
liquid.

By providing the air diffusion pipe, during the ordinary filtration operation,
bubbling of diffusion air can be generated from the lower part of the separation membrane
module or from a pipe connected to the lower portion of the module to vibrate the hollow
fiber membranes, and thereby fine particles adhering to the outer surfaces of the hollow
fiber membranes can be shaken off.

Furthermore, by periodically sending under pressure a treated liquid as a



Preferably, the transnenbrane differential pressure is 200 kPa or
| ess when the | PA bubble point is 150 | cPa or nore and 400 kPa or
| ess. Although it is desirable to maintain the lower limt as
| ow as possible, the differential pres%ﬁre gradual ly increases as
filtration continues. It is desirable to perform chem cal cleaning
usi ng an al kal i ne aqueous solution or the Iike at the tinme when the
pr essur ebadkvagkiag $iquid in@abb hbhew fibktRefibrfEs Hftle adiRyRion membriaé Motitilet
the transnmenbrane differential pressure is determ ned by a nmethod in
whi ch pr EsReifasmpback Wasl@w e falra gtm peréormanes cas hegaintaingd; he separati on
nmenbr ane g ?Ele I n operation and pressure P2 of perneated water
cl osest to e nodul e outlet are nmeasured, and fromthe neasured
val ues, (Pl -AR2jonddnwvaltion ipadvédes ap@Ai3ctntaining wastetsates teatemhtmwthod using
met hod, the reason for setti %he wat er -.i nsol ubl e oil content .

% %§§‘¥%e

(n- hexangle\PSPfHéB‘m} megbrang gpdls,ion gilgentaining wpsteyalgetesimspled
filtrati e&tﬁﬁ[@r@&wﬂ&m&réﬁn&&%@{s lehbSclhAd 1ﬁttha{f%51ecotnﬂﬁtﬂn$ uﬁa&@water

ng/ L, the water-insoluble ol content becones excessi vel

cl oggi nghaving hevakdérkesodible hid chotehtofv Hex b vaheayiof 3rie 5HA8 |mgﬂm$uw® under
resultin ficult secur t he t . of treat ter.

o the ofHeoRshpiigf insthitd e ngptat dReRal Blesiure R g Bess
vat er - i ngkn BlegPAIHUbLR Iféﬁlﬁw&wlm fibed enddrhneCis 89 kPhiod ehd?@kihd kbLthaslo
not easily associate with each other and coarsening does not easily

occur i n$V@kPa, tlee wensheabsanedifeiehoaloressingds pRl kPadrelsssoahgidhe BRA buklil y
Cpl ! gg;?g%% (EJ@ atorbeorer: gnrg)iéss th eI é\g?g a{% tl‘be tre%-ll_'lrs];%e\l\%t e d1$§r%1l1tl1jtf| €

oi | COI’] al Nl ng was reate

t r eat menpredBird (stOOScH’afcﬁfl@E ahieyl tHOTPACLubbRQdids 150 amiomr)iel &1d|480 kPa or
preferably 20 to 1,000 n&h In the case where the
wat er - i nkss: B sheowateesplible qihcantent i Filttian gt Btataias keps than f ayg/L in the

speci fi caldyyneal the%a?er-lngdl g op?/é)l'n'tenf ﬁ%lﬁ&ﬁlﬂl@ﬁlhg tigﬁ{ﬁﬁ”{e ot epngﬁ? bfmore

for oil-contalining waste vva ment accor

i nventi oanctE,OOOI ﬁfgfleaﬁhsbyﬂnﬂ ﬂmmﬂmsélhble\mnmtmnﬁﬂﬁln’ahm atdted onteeiitless

to 5 sasama of cou%wf further. tolessthanl
e O

no/ L. Ihmﬁﬁég phe £35€ & ’Eﬂt@e diaferd gonjentdp pilrrontaning pastewater
n- hexane;val WA HEASH £ 10% thdie10RE/1od according to HS K 0102 24. 2.

[0038] 16
[0036]

In this treatment method, by maintaining balance between the IPA bubble point of
the hollow {iber membrane and the transmembrane differential pressure, water-insoluble
oil does not pass through pores of the porous membrane of the hollow fiber membrane, and
an adjustment is made such that water-insoluble oil can be efficiently removed from oil-
containing wastewater. _

In each of the IPA bubble point conditions of the hollow fiber membrane, when the
specified upper limit of the transmembrane differential pressure is exceeded, water-
insoluble oil becomes to easily pass through pores of the porous membrane, and it becomes
hard to obtain a water-insoluble oil content of less than 5 mg/L or less than 1 mg/L, which
is undesirable.

Preferably, the transmembrane differential pressure is 50 kPa or less when the IPA
bubble point of the hollow fiber membrane is 50 kPa or more and less than 100 kPa.

Preferably, the transmembrane differential pressure is 100 kPa or less when the IPA
bubble point is 100 kPa or more and less than 150 kPa.



14.1 in the oil-containing wastewater is 5 to 2,000 ng/L, the

oi | -cont ai ni ng wast ewater usually contains suspended solids and is a
het er ogeneous systemin a dispersed state. Note that the tenperature
of oil-containing wastewater to be tred?ed is usually about 25C to
90C. [0039] Furthernore, in the oil-containing waste water
treatnment nethod of the present invention, in the case where the

wat er - i nsol ubbefe@ibly, e refimenibrand digfernBhlire@umas DEORP£br lleSs WhérPthd POA
ng/ L and_the concentration of suspended solids (SS) is 100 ng/L or

| ess, it bpkblgpeinbisdil&Paer prve ardhd@dda erdpsspr essure-t ype al |
filtration in ' a | L gui ' Lt hpough t he
hol | ow fi ber %eymr%‘%g‘rﬁs deg&aﬂh&f %L{%‘%ié‘{ag%glg 1\5,\}%%?%51? ﬁgefom‘ggsseﬁogg‘r?}s% Bore of
content difer@tial pressurHadvalylinarasesd ad GQrativh lcomtindees SIt adesirhile to perform
suspended sol i d, (SS) concentre%ti on is 100 to 20,000 my/L, it_is

pr ef er abFRenigalglsaniietising Walealingapeas soludor pr tgilike abihediprewhen the

| Nt ernal pRSRS HcRabdd (G RN BN AINPResHiBaPadolW THT Lration 1n which the
quuidt8 etreatedqlsmaeto owin a circulatory manner. In
parti cul ar, iNotehkatdlaseanshendbrateaifieteatialipnestinehit detainhinedby e ndethcsl in
1,000 nmg/L.or nore ar the suys ded, so]id concentration is 500 L
or nror o i eI e WAISHE IR clostss e srpr tian g rane modtlegy
changi ngohdigtidd Sl fredilre S HOstrAleRed dalg cRRes: REHIRIRIuld SRR Bl fedhled,
content or the concentration of suspended solids Iin such a manner,

t r eat menandtomishe measusedrealuest (R lci Bitis galcdatddt he anount of treated
wat er catboﬁz secured. [0040] The oi |l -contai ni ng wast ewat er

treat nen lhod descri bed above can be used in the case where, after

oi | -field washansi@atnhdnt BRI tiRGedson 5 0dctBRIHR Mhatck-MnsoRIUCE] EdRent (n-
wat er -i nsol ubl e oi|l content (n-hexane value), oil-containing

wast ewat bexans valyp) iacileepniaining avasteavater 4o boteatpd by thedilyatien membranc at 3 to
menbr ane, %9 %gg?]\;'A/éJs tggtﬁaé ore tha.nF m&%%b#tgﬁfngolh%%riloc\éhgz?lg P&%mes

oi |l -containrn er trea using e separation

menbr aneexgeelivay (age, ahdl clogpingionithlikestttyasiow fib&ahembitane kdsiMuicElts, | n
the case where oil:-contajining wastewater has an oil content of 20 to
2,000 nyrasultinedna ddHedly wospBeine apauaaf tisated 0ttero 10, 000 ngy/ L, and

a_hi gh tenpergf W& iy }Etgg:, &t Pesg 9%:1193 h \ ?{ié%;c%ger%ﬁér@ttﬁgV@ater-insolub%ﬁi otilhis

oi | -contai ni ng wastewater 1s s ect tration treatnent

the 17 depasatasdimerpanticlen énepaiticks dualbt ¢dsdy atdoeiawawith eachsuhertang oi |

cont ent E:gargeng%/clbe(s) glotl éea%ﬁy occur inside the membrane. Therefore, fine particles cannot be
stably collected and cannot be removed reliably.

The water-insoluble oil content in oil-containing wastewater to be treated by this
treatment method is preferably 10 to 2,000 mg/L, and particularly preferably 20 to 1,000
mg/L.

In the case where the water-insoluble oil content in oil-containing wastewater is low,
specifically, at less than 30 mg/L, the separation membrane module for oil-containing
wastewater treatment according to the present invention can decrease by treatment the
water-insoluble oil content to 5 mg/L or less as a matter of course, and further to less than
1 mg/L.

The water-insoluble oil content is determined by the n-hexane value measured by
the method according to JIS K 0102 24.2,
[0038]

‘When the concentration of suspended solids (SS) measured according to JIS K 0102



and the suspended conmponent content is O to 1 ng/L in treated water.

[0042] Furthernore, a third invention provides an oil-containing
wast ewat er treatnment apparatus provided with the separation nenbrane
nodul e for oil-containing wastewater teat ment . The

oi | -contai ni ng wastewater treatnment apparatus is characterized by
i ncl udi ng cl eani ng nmeans whi ch sends a cleaning liquid conposed of an

al kal i nel4q e tHeoibeuntdinimg viadtetacer 345 {oZ,60®MglIhehdeil-Lomaihidgewas@mheane
in order to_renove water-insgluble oil adhering to the surface of the
hol | ow f PBBHY senpins sesperdedselidesnd isihsierogsnsousiastapdn aelisperred state.

In th i s qs Lk | N t o
S e AR L T

conposedtocd@O°BTFE or the |ike and has excellent alkali resistance.
Ther ef orf0 gl\;en if acleaning liquid of high-concentration al kaline
sol uti ont 03dkh as 4% by mass aqueous sodi um hydroxide solution (1

mol /L), is sefiHefnbieCintal bgWoflﬂaﬁﬁﬁg FRAPLARS h‘eﬁt’ﬂ}fenbﬁfe{lﬁ\’i’off iﬂﬁe%rgsent

menbrane i s not damaged, and high filtration perfornmance can
mai nt ai nexyent@om setpe easel where theppater-inatlebleionsontent m wl-tordalhimgiwagtevatarhe

surface n ade ely dissolv and.r v.e an he .porous.. .
renbr anes A LR B e e apy e R B e SR aHE PR T n e g O RS i
Pr ef er abpsferhile tOpdrfdRdxddrial HeWRSLIOPOAIEFiltiatiBA iMRAlchMRA RiulStoWe thdad
present 1nvention includes an oil-containing wastewater storage tank,

ahcl eaRi i\:ﬁﬁ_aﬁﬁedt!im@ugh Bedglowditer prembranee| eani ng neans, an inlet pipe
throug 'quﬁgﬁgﬁgs}Eﬁﬁbg%%ﬁégﬁ&ﬁﬁﬂé99cg@%%ﬁ€§%ﬁgg%%ab@ﬁ§¥ﬁgﬁ5g%69

t he cl eani ng orage tank comuni cat € ' por tion
of the seRAr atlesyundehdsapendrdduli@(S8)donbunthatiosis 108es e d0WMnidiL dt punp,
and a circuyl ation pipe through which each of the qil-containing )
wast ewat Biefeable igyperfosmangyieripl Presswg finsulaliperiyng of dgemghpressyke circulation-

comuni ¢ i j j: : Lauyi
separ at | DREEAk g £fths BNGRORIRARAPR, DOk ESAER, Tyl tphitey
pi pes of miaheerci rcul ati on pi pe are configured to communicate with the

Stor age. t ank. [ FURIRS{ErA e isF PREE bower B ihieon aorgrids LOPE Eedt poin
pi pe bet ¥RaN:tHE sipbadathal BbR@ntration is 500 mg/L or more, it is preferable to perform
circulation filtration.

By changing the treatment method depending on the water-insoluble oil content or
the concentration of suspended solids in such a manner, treatment can be performed
efficiently, and the amount of treated water can be secured.

[0040]

The oil-containing wastewater treatment method described above can be used in the
case where, after oil-ficld wastewater is subjected to pretreatment to reduce the water-
insoluble oil content (n-hexane value), oil-containing wastewater is subjected to
microfiltration with the separation membrane module.

[0041]

Furthermore, there is provided an oil-containing wastewater treatment method using
the separation membrane module for oil-containing wastewater treatment, in which, in the
case where oil-containing wastewater has an oil content of 20 to 2,000 mg/L, a suspended
component content of 100 to 10,000 mg/L, and a high temperature of 60°C to 200°C, the

high-temperature oil-containing wastewater is subjected to filtration treatment with the



18 wastewater storage tank and the separati on nenbrane nodul e,

oi | -contai ning wastewater which is a liquid to be treated is supplied
to the separation nenbrane nodule in a circulatory manner to perform
filtration. Furthermore, by providing ¥ circul ati on pi pe between the
cleaning liquid storage tank which stores a cleaning |iquid conposed
of an al kal i ne aqueous solution and the separation nenbrane nodul e,

t he cl eagdpagtibh @entbrinte SUMHE sech thet thd &afeR@ofibl O] BBTBIANS MU Bt Rsé N
a circulatory nmanner. The circulation of the liquid to be

treated 2bthe Fespended gomposantgonteRkisd tedringd. initgaied Wl al ternatel y
perfornegm4ggereby preventing a degradation in filtration performance
of the separation nenbrane nodul e. [0046] Preferably, the

di schar ge pr eBstieemore, & tiérdinmgntionpestideh anroil-bentainingtw:piepatdr $reithdn®
300 kPa. Furthernore, a switching valve is praovided at the branch
posi t i onRPErAEEPIeVIsad Kih the serarrdion meemnbrang modye Sy qil-eantamng ypsiepater

cl eani ngtrédtﬂl‘éi}ﬁ are switched fromone anot her when sent to the
separation menbrane nodul e. [0047] As descri bed above, by using
a cross- f | ow et dibdontamning edstavdterdmatradm apppravas iseohataeterized by imclddirtged

v or i rBUE BB VEHRBS Apteam LI BB S B Ak Yo AP Liign t
o5 and8 seHRRRTRSAThY Hob SR i 01080l 0,30 A0 i &kritg

treated to be reduced to less than 5 ng/L, in the case where the
suspendeld the burdace SEthedmtloanfibexmetnatiranaefithe s¢pasasionmhemiyahe modulent are
low, to @%4%Educed to less than 1 ng/L. Furt hernore, by

suppl yi ng 't oi | -contai ni ng wastewater at a punp di scharge pressure

of 50 to 300 theRasephh€ioh hansiBndmande drfdiréidihab iR\t treBinenPsed in
hol | ow fi ber menbrane havi nﬂ t he | PA bubbl e poi nt descri bed above can

be set itedmsentdpyrntigashehplawdipeymembrane iFegmprsedof RIFBgr edikednd gas

t he clean] vondiliad S0P i i : i:Rl 8t pi -

o | - cont BeAeEAOR retifephd. PARIYE, 80 i L Ralillofbich Pfictrlaiay .,
al kal i nealagjireciiutidal siichas 4%ahdmaleadueappediunahgirokids sdlubibre(1ombl/by) ig he
surface of the hollow fiber nenbrane can_ be periodically renpved..
Consequetitf {p the hallew fibepmemhrang e hallow dvepmembegneys petglapeeed. and high

L?ggg]m Tﬁﬁ@gh% Pgﬁ&%:gé#@% gﬂl VERLENRAET  (Cohaldieiy, ARBALAAE:-AElLBR oil
adhering to the surface can be adequately dissolved and removed, and the porous
membrane can be repeatedly regenerated and reused.

[0044]

Preferably, the oil-containing wastewater treatment apparatus of the present
invention includes an oil-containing wastewater storage tank, a cleaning liquid storage tank
of the cleaning means, an inlet pipe through which each of the oil-containing wastewater
storage tank and the cleaning liquid storage tank communicates with the inlet portion of the
separation membrane module and which is inserted with a pump, and a circulation pipe
through which each of the oil-containing wastewater storage tank and the cleaning liquid
storage tank communicates with the discharge portion for untreated liquid of the separation
module, and branch pipes of the inlet pipe and branch pipes of the circulation pipe are
configured to communicate with the oil-containing wastewater storage tank and the
cleaning liquid storage tank.

[0045]

As described above, by providing a circulation pipe between the oil-containing



19 suitably used as an apparatus in which after oil-field wastewater
is subjected to pretreatnment to reduce the water-insol uble oi
content, for exanple, the water-insoluble oil content (n-hexane
value) is reduced to 10 to 2,000 ng/L,lﬁhe oi | - cont ai ni ng wast ewat er
is subjected to mcrofiltration. Specifically, oil-field
wastewater is separated into coarse water-insoluble oil and

0i | - cont aastengeretbRie tdiknadekd shhmgo® MemidrRrmsapéa ot dodmihing HasRWater
nmeans, from the separated oil-containing water, coagul ated

wat er - i n&8ichis @ ligiid ta b tisated isssupphicd @wae}paw@ﬁﬁw@h;@%@mlw #i cal

cong, 1AL, A ANl B bR ion i

m crofil bfrtatemthewiaaanglgtlhmcba;tbrageM|wh1dgstms aelahmg liqguebhtomymised of an
appar at us 0049 The .raw wat er of | -fie stewat ef, ysually
cont ai ns?! k%!& %eﬂfrﬁplgﬂw 30 s SeRgraben mg r%fﬁéﬂ@flui%m@we@l@ﬁjé@g

Ther ef ol op \]A;géa & th¥Rk Rk at ASALHBRe flokiuleSn b eUEMLY AARNG] i n advance

using oil ter separation treatnment means and €l ectri cal
coagul ati on/ fThmﬁicngitma)rﬁme liquéd todmutidatadgindithe cicrwationiof ghendsanevgliqrid

is subjecte f|| tion for which the .appa of .the

b esent FRGURS BB} prefenis degeataBR BERkaRe PrucbBimes o6t
ng/ L. se arahﬂn}ﬁyl—rﬂ)rgﬂ%bﬁ&lbltl on, since nost of water-insoluble oil,
such as floating oil, is renoved in advance, clarified, treated water

can be ol#{04phed while securing the anpunt of treated water. The

(2o 108 L RS SR B o LR el LR S0 s

menbr anekPy pEFudhetndief a Hiigdhitevares Btplﬂ(ﬁ\&déd dttEObiant mlmt@a\&taﬁéh pipe,
tr eat nent, gref erably, the nean distance between a acent hol | ow

fiber medstt ﬁ@guldﬁOﬂJﬁérea@éé%ﬁye qleaning leﬁuad/@lwwtah ram oye gnetheswhen

and t he w fiber nenbranes relative to the
Cross- segceltnlpf)dntg? ﬁ?ﬁ&f&%@%ﬁféﬁﬁg%&% y is 20%to 60% When t he

di st ance[(l@dt?}/veen adj acent hollow fiber nenbranes is increased in such
a nanner, | eakage dque to cracks or strain te to .occ in. the

end- seal i ng n&fn%wﬂ DR AROVEDY USG HErOBY ﬁ%ﬁ%@tﬂ?ﬁi@nwl%offﬁpa@wgar e
prevent e@aﬁt@@ﬁb%%ﬂ%ﬁl’a&ﬂ thﬂ%u%eﬁﬁ%@ﬁia@ﬁ@]‘ hH@ulgEéVéﬁ% lﬁﬁrdjt%'ﬁég ¢hfdf having 2

met hod descri bed bel ow as a X1 ng
menbr anewanthsolublesribicageit iof onetior QO(Mngﬂh alpcbil,ﬁﬁo arglL br Leesarat a stuspmded

e SR R e A S e B
and in the case where the suspended solid (SS) content and the water-insoluble oil content
arc low, to be reduced to less than 1 mg/L.

Furthermore, by supplying the oil-containing wastewater at a pump discharge
pressure of 50 to 300 kPa, the transmembrane differential pressure of the hollow fiber
membrane having the IPA bubble point described above can be set in the range described
above.

Furthermore, by providing the cleaning means, it is possible to switch the inlet pipe
for oil-containing wastewater to the inlet pipe for cleaning liquid of an alkaline aqueous
solution, and the trapped water-insoluble oil on the surface of the hollow fiber membrane
can be periodically removed. Consequently, the filtration membrane can be casily
regenerated.

[0048]

The oil-containing wastewater treatment apparatus of the present invention can be



For exanple, a heat-resistant epoxy resin (aromatic am ne curing
agent) having a heat distortion tenperature of 120C or higher is
injected to fill a container, and preheating is perfornmed at 50C to
60C. Then, the resin is precured by betthg retained at anbient
tenperature for at |east 3 hours or nore, preferably 6 hours or nore.
Next, heating is perfornmed for 1 hour or nore at the operating

t enper at Wbl udel a5 en a%fﬁatﬁeﬁﬁvmhsaﬁemlﬁﬁ@lﬂtw&fb\ﬁa@dmggﬁm@)mor | ower
(100C or higher and 12 | ower when used at 100C) Then

cool i ng p@trs@tme@t tperadugedbie satoy-insetublg oil eepentsfon gxamepletherpiateranreluble ol

o oo SuipRRREEHe Bluct i Bufked'd o L IF 0BF 3R, B0 2 b e bR

is used séa

p05|t|onsmméaadﬁﬂﬂmnﬁhnmmnis formed into a shape of an end portion in
advance, so as to_neet the size of hollow fjber nmenbranes, nd hol |

fiber rrenbr antiecHically.pilsheld pvasieavataris serareiadriniooarsaiviaterpsad %P’rlnaﬁéd
spaci ng. r1 gofé@lrﬁ?g\tvgtte?umﬂgﬁﬁﬁgﬁ%@gvh&r@%ﬁﬁfdﬁ%aﬂﬁ%ﬂtknéaﬂ? @ﬁ% ng'r Chan

tenperatu end- se nber conmes equal to or
t he mel t sepgrapad oit-caftainire watst, noagﬂmlemwalbr-ngolublep:ek drormetdlsfacy robghigur

east 6 ARG g oI Lo e DB eGP BRI £ AT PB0s )

In such g,0@RBRE as thtqﬁfd tBrb%hﬁ:%feHnig ’suIBJ@&t@('P td ﬁfbrbﬁltlﬁﬁéﬁ 9§1H§ thef L C(fhtammg
predeterm ned périod of tine. Then, heat formng is perforned,

after heaﬁﬁngawcugﬁnngtMEMpémiorned gradual Iy over a required perlod
of tine. Hggg present inventors know by experinent that, in the hollow
fiber Le nodul e produced by this nethod, even if a heat cycle

with a tenperghdiat Whtkf 6 Sn6eldohastiriidr ubOAlly dontdi @%ﬁe%ﬁhou'nfs dffﬂoatmg oil
possible to prevent cracks fromoccurring in the end-sealing nenber

itsel f aned thetlikeand siadgendlhesefbren giterantierrinselubleied ineugbly Tmezedin
Advant agg(?ya%cg{lgl ﬁ; vpafter s@éa?rgttlén e4t 1%:3[]1? s and 'At%ctggglcgoagﬁ?tll%ﬁﬁgﬁmgb y

usi ng the separa on nenbrane no présent 1nv

hi gh- per heangaeachillitg ol iconaiail Wastaohiecy Gdbj bct’ted!\hi fcréfiieration for whlch the
wat er-i nsoluble oil content in oil-containing wastewater  can

reduced eRPFAYSOLthE prasenfgpyentign & wseds nBythisgage, thapibepien iy K i%lrpod?lg/L
lless than 1 ng/ij;s coﬁs"nt{n@&?, $ince most of water-insoluble oil, such as floating oil, is

removed in advance, clarified, treated water can be obtained while securing the amount of
treated water. The resulting treated water can be used, for example, as irrigation water.
[0050]

In the separation membrane module of hollow fiber membrane type used for high-
temperature oil-containing wastewater treatment, preferably, the mean distance between
adjacent hollow fiber membranes in the assembly is relatively large at 0.5 to 5 mm, and the
filling factor of the hollow fiber membranes relative to the cross-sectional area of the
assembly is 20% to 60%.

When the distance between adjacent hollow fiber membranes is increased in such a
manner, leakage due to cracks or strain tends to occur in the end-sealing member.
However, in the present invention, cracks are prevented from occurring in the end-sealing
member by using the method described below as a method of fixing many hollow fiber
membranes and the end-sealing member which joins and fixes at least one ends of the
hollow fiber membranes.

[0051]



Furthernore, according to the oil-containing wastewater treatnent
met hod of the present invention, by treating oil-containing

wast ewater of oil-field wastewater and heated, high-tenperature

oi | -cont ai ni ng wastewat er using the se#hrati on menbrane nodul e,

wat er-insoluble oil is not passed through, water-insoluble oil is
efficiently renmoved fromoil-containing wastewater, and a clarified,

treated |iqui@n BR%aQEWRE @I tRESHNE Wsiri8 GE&AR 1hE sdaliBig ABALRE) Of
treated water. [0055 Furthernore, according to the

oi | - cont ai ni ngpreaempleas beatiresistentepox pmsiar(atoamatisfanthecyingsagant) having a

modul e A SHrPT P a2t erlaebaas e PR besRlngt LB Rcare
to the sidrpfesfoffiedit J0RE thEHIOW ThdaSthe ¥R isqit€SuréSbEbEES ttfe Bitthmbient
removed by chem cal cleaning using an al kali ne agqueous sol ution, thus

enabl i ngtermseaisre dor 2l deased aeyrs o ke PEFieably thhqyis pempe mance

filtration ofyQll: i_nl r I

peri od of t1 sy ihEAS A SRR R b R e BRI BB of e

for treaindR0SCl(hexdiseirtion g:myesiterspbelowet (IOPCioe hifhepsidelgCE€ror Ievdrce

mcrofiltrati %B i ?Q&erforrred Wi th the separation nenbrane nodul e

after nmo¥henpsedig 194 Ler - i nsol ubl e oil, such as floating oil, is

renoved in adpanc Is i ter,

it is possible i Cogli ilénﬁ R a?ig?‘?jélgl,ﬂ’ Braflddyh Hq‘“u%lr “ﬁé@?*ﬁlgqéw

wat er - i nealpebiteregrddiaoof €Mf/mof. | ess than 5 ng/L, and further |ess

than 1 ng/L e%ethe ter-insollubl.e.oil content .is Io%v. Bri ef

Descri pt1on A BEARMHGETF GAFTIelt rosin iy Yseq 85 the seplifiererberd o

Cross-secti ongbley hi@Wndfe 28 pRABREAINCE BoSBHKY FEodDIKLE if R¥med jnto a shape of

oi | -cont ai ni ng wast ewat er treat ment “accor di n% to a first enbodi nent.
a

[Fig. 2]arFemgupastion insadyanasy se ad to n¢attheshepwifhgllaw fikick meorbraticn ang hollow

wast ewat treat ment apparatus provi ded with, the separation nmenbrane
modul o oBRH RS 4rh R terchl S dpiinett Wit pREeRRM Y shaftalr B B
and 3( B) stateSpeERBINRYS Serfir@es uafil Be RONFUSmEaUR€of @Y @hd Bedlingwhdmirgr
menbr ane. [Fig. 4] Figure 4 is a view showng a testing

I - * [ [) I3 .
appar at ukecomesgawab teer gker ¢ aelting poiaiAditee resmpand heating is performed for
1 hour or more at the melting temperature. Then, cooling is performed for at least 6 hours

or more and at a temperature gradient of 1°C/min.
[0052]

In such a manner, after preheating, retention is performed for a predetermined
period of time. Then, heat forming is performed, and after heating, cooling is performed
gradually over a required period of time. The present inventors know by experiment that,
in the hollow fiber membrane module produced by this method, even if a heat cycle with a
temperature difference of about 100°C is repeated, it is possible to prevent cracks from
occurring in the end-sealing member itself and between the end-sealing member and the
hollow fibers.

Advantageous Effects of Invention
[0053]

As described above, by using the separation membrane module of the present
invention, high-performance filtration can be achieved in which the water-insoluble oil
content in oil-containing wastewater can be reduced to less than 5 mg/L, and further to a

low concentration of less than 1 mg/L.



[Fig. 5] Figures 5(A), 5(B), and 5(C) are graphs showing the results
of Exanple 1, Conparative Exanple 1, and Exanple 2, respectively.
[Fig. 6] Figure 6 is a cross-sectional _view of a separation nenbrane
nodul e for oil-containing wastewater t#kat ment according to a second
enbodi nment . [Fig. 7] Figure 7 is an overall view showi ng an

oi | -cont ai ni ng wast ewat er treatnment apparatus provided with the
separ at i fo0sAprbr ane nodul e according to the second embodi nent.

[Fig. 8 Figure 8 is a cross-sectignal view of a segaration menbr ane

modul e for oi FurthsrRarensegrdiRg iosha o conagtngwaste watebeatmgnt :pethod pf the
enbodi megltesent mventl[n'): tre% 1n$: bA\dbStathid a%wgﬂe\%lt@lr & dil- ﬁ%lﬂﬁﬁa%ﬁ:g@té}%n@ Heated,

oi | -contai ni ng wast e ter tTeatnent parat us provi
separ at i bighrremperatee oibduheinhgresdewaert widghthe tsdspara:hoanhﬁdbm:eﬂmodule water-

L oos: at 1 BBl siDs 0F ssr D heabiehs wr B el BTt S Sy amaKed oo

11] Fi guéﬁltﬂiﬁldg%a%té%a?éﬁ’ ml&gﬁ&l GRS Rhianah be¥BIRla w1%%?ﬂéo?édsﬁl%
of Enbodi ment s [ 0058] he enbodi ment's of the present inventio

will be ﬂ@ngHMEdfmgm@MWMEth reference to the draw ngs. Fi gur es
1to3 sﬂﬁ%rf separati on nenbrane nodule 1 for oil-containing
wast ewat t.S eat nent according to a first enbodi nent of the present

invention.  Furt®rf6RaARbidM HRHD 6ARSHIARIMN FadteRECPHEHMEnT Dphiafisioriisd
embodi ment i s used for preci sely separating oil-containi ng wast ewat er

obt ai nedpisyem ippjeation. ke ¢Jpaning weansihatdeens dic eparpbeymenbpaieMmodie
treat “”ﬁaﬁd&fa‘ﬁﬁé‘ﬁ y deg1 aﬁl%qh% bv?l{% lﬁs%ﬁbﬁgogg%]&teﬁﬁg u?fﬁ gl F‘tﬁ%f:fs%rfthe hollow

separ ati e ol e~ ol

wast ewat fiber Mbﬁh&ls disesived bnd?ﬁfﬁo&bdlbfl ghaaishleslaingig uﬁﬂfg auﬂalkl:gme aqueous
i ndustrial wastewater and donestic wastewater, for ex
cont ai ni $RJUGRR: Spusicrab)ingsEreatad repenFraiigna Hhershases leglvpgré@mapye Bitration gf

000 cSt i1 ARGHAL W Allehte! dalh WlcoflirfudiBuls £16Hp Biflofbr dmf  FUT L hermore,

t he nDdu e can or separating water from
0|I-contﬂkﬁﬁhg wast ewat er contai ning water-insoluble oil having a

vi scosity of t050 a.s at 20 I.n the separation

Tenbr ane. modulidh Cas??"é]ﬁferer‘ge\ﬂﬁﬁaé?mﬁwsﬁ%f% tyGaiieg ofl SR MIIEVBIFvRLEH R
of less KbRNvakteMidr, GRR ARG phHOMQ Witk AR 2hAhiich MRHHEWR hiSdule

havi ng a
after most of the water-insoluble oil, such as floating oil, is removed in advance, while

securing a large amount of treated water, it is possible to obtain a clarified, treated liquid
having a water-insoluble oil content of less than 5 mg/L, and further less than 1 mg/L when
the water-insoluble oil content is low.

Brief Description of Drawings

[0057]

[Fig. 1] Figure 1 is a cross-sectional view of a separation membrane module for oil-
containing wastewater treatment according to a first embodiment.

[Fig. 2] Figure 2 is an overall view showing an oil-containing wastewater treatment
apparatus provided with the separation membrane module according to the first
embodiment.

[Fig. 3] Figures 3(A) and 3(B) are schematic views of a porous double-layer hollow
fiber membrane.

[Fig. 4] Figure 4 is a view showing a testing apparatus in Examples and

Comparative Example.



23 water-insoluble oil content of 3 to 2,000 ng/L. [0059] The
separation nmenbrane nodule 1 is used for an external pressure
circulation filtration system (external pressure cross-flow system

t hrough which the oil-containing waste#hater is passed in a

circul atory manner. The separation nenbrane nodul e 1 includes
an assenbly 3 in which a plurality of hollow fiber menbranes 2 (3,500

hol | ow fi ber e Rij@ses SGA%@(B),%H@@(’(?@BTg}apﬁé Shd¥hp Beads RS Fhemplet e
| oner end of the assenbly 3 is sealed with a sealing nenber 4, and a
| oner opeampprativg ExarapleHopnblixample 2, vespastisels. 2 i s cl osed. The upper

open end 2a. ar EaCh St T 8 fEePEAhl ok P RRR prahich AR ORT o

The assegdityinidgiviasttaase drebinaab acotdfif el a sacbhde@bodime) upper cap 7 is
attached by bonding to the upper. end of the external cylinder 6. An
outlet port 7&gd] glfgém Adisansqygrrlk Haw showingagiqilecopfaining Wasisaiates Hgatment

conmmuni ¢ j c¥al Iy £ ane 2,
and the. ST indiiod Wi he WoRBkbh Bl AR IS b R RER™ O
out trea¢mbodiment. d. A lower cap 9 is fixed by bonding to the

| ower end of the external cylinder 6. An inlet part 9a for liguid to
be treated, ilF& ﬁ?ﬁiaurec@%&aa%ﬂfwcw?ﬂ iRt fra sop aﬁ%m%@aﬂ%ﬂnwﬂﬁe ?%\%r
cap 9, afghtif®gisRivaRetleant ScHANREH £Hilden¥bdimbgl Pi pe 10 which
introduces the liquid to be treated. A space S Is secured

bet ween t he d&&. Ohgigwenderandovatallt hewlsbmemgendilefontdieing seeteblater Breatnunt
the inner wall of the external | i nder 6 so,that oi.l-coptai.ning
wast eviat PR BRVES wPof tapareitn aemisee Badys Acoring fq e bty T nt o

t he asseghibydidechtnsi de the external cylinder 6. Furt hernore, a

di scharge port 11 for non-filtered, untreated liquid is provided at

t he peri pher dFigndf] FignrasHO(A) andnlid() are crase-segiipmel waws of a sqperasioner nal

cyl i nder di r icates with a circulation
pi pe 12.%@8%8? ntl(th%le %35{@5&%&?@&%%@%&%” air inlet pipe 14 is
inserted fronFighel] Piwere Hek bReY gowiAg b convenfiendxkanpl cylinder 6 so
as to communicate with the inside of the assenbly 3. As shown in Fig.
2, the dPesdbionobEmbpdimentsyi pe 14 is connected to a bl ower 15. A

pr edet er 'Oggjj anount of air is introduced into the diffusion air

i nl et pigL 4 by the bl ower 15 when necessary, and air is diffused
toward t he hdlHeasmbadiraentsrefithe ppsssntidnedntihevill be described below with reference to

the drawings.

Figures 1 to 3 show a separation membrane module 1 for oil-containing wastewater
treatment according to a first embodiment of the present invention.

A separation membrane module 1 according to the first embodiment is used for
precisely separating oil-containing wastewater obtained by subjecting oil-field wastewater
to rough separation treatment in advance. In addition, the module can be used for
separating water-insoluble oil not only from the oil-field wastewater, but also from oil-
containing wastewater including industrial wastewater and domestic wastewater, for
example, containing water-insoluble oil having a kinematic viscosity of 1 to 600 cSt at
40°C and a density of 0.7 to 1.0 g/em?® at 15°C.  Furthermore, the module can be used for
separating water-insoluble oil from oil-containing wastewater containing water-insoluble
oil having a viscosity of 0.1 to 5.0 mPa-s at 20°C.

In the separation membrane module 1, treated water having a water-insoluble oil

content of less than 1 mg/L can be obtained from oil-containing wastewater having a



24 assenbly 3. Thereby, the hollow fiber nenbranes 2 are vibrated so
that solids and the |like contained in oil-containing wastewater
adhering to the outer peripheral surfaces thereof are shaken off.

[ 0061] Furt hernore, the upper fixz%g menber 5 and the | ower
sealing nenber 4 are joined by a reinforcing bar 16 at the center.
The reinforcing bar 16 prevents the non-rigid hollow fiber nenbranes
2 from beiafeg-ihsohibicbibyoritére of art6 €,000 nsd/T.eam of oi | - cont ai ni ng
wastewater fromthe lower part and is provided to secure verticality.
The ext e3Pl cylinder 6, the upper cap 7, the lower cap 9 are

conposed of a'gl'léggﬁmraﬁ&il renftthel thedid 1 ’i’@.ﬁ?gg F%r%]l?é%gerégﬁr%gﬁjfegzﬂguﬁﬁ er

4 are conpose an epoxy resin, and t onposed
of st ai nfitasionseetm ¢extarnhlgatssueesdredsafidw sessémn) thidugh, whitlethe nili-coataimiey | e
has good al kali resistance, [.0062] As shown in Fig. 3, the

hol | ow f PBEFWABRHISARMEdIN p SIrUIROFHENE D] e- | ayer menbrane i ncl uding a
support | ayer r y . .
filtration | a'1>;er %%ngggg;deng)% EEHaE rg%@éiishgc:l@e%? gﬂ%ﬁé‘?‘ﬁ?&%@t‘:ﬁggﬂ&ahw of
di sposedhaltow hiberon¢rsbrases 2 €5 200tiollolmefilsarppanirahesyie this embodifieat)laod | ow

fiber nme ane 2 gveral]l has an.inside diameter of. . 0.3 to 12 an
out o1 e BRATHEN LEeBFr sh opsT So i BemBR B uhied St Seali e lbahd a
kPa, a t [ividkBp&perRf ofadh hollokw ABEr AemBrafs D iy cl8edd 0%tk dpSiénd df¢hed
pressure resistance, in terns of maximum perm ssible £} ansnenbr ane

di f f er endgsamblyrisdixed withfa fxing memibeo S vith amTynpet eprsi dnd 2atof eacit Iolkow BT
is 30 to_15 These. physi ca%ateoroperti es are neasured by the sane

N. .
met hods A5 le(§lsee2b esciDed andVe. [ 0063] The hol | ow fi ber

menbrane 2 wWhTighaskénbly Bdk Bosscd anbh extbdybeylindtl OwW Ah BpperepPianeched by
formed by winding the porous stretched PTFE sheet 2c around the outer

per i pher Bpnding fodbe upper epd opBesutenyl exlindsed. pAnputlgiroroFa isprevidedsusl

extrusio J: & Ir oL . i f

treat nenebHENidq dthe Yoper ch? bkt @Rstih BE BT Bofion de hollow

st r et chefibéhdmbrate2 2ind tideitlet pbe 7pdy anteced af ahadlePiipE 8sbeaking®uk S

wound ar ound f.he entire periphery wthout positional msalignnent,

and a | o#46f%®dligHti i ed through dies so that the both are brought into

close cont actxubid &9l 1kLiety bl RhAGAR: RRER ol

t enper ature that is? gqu%ﬁ to %r rﬁfll er tﬁ%a% tﬁ%orrg'l %’?{r?gmﬁ?ﬁ‘%d%r gB An
inlet port 9a for liquid to be treated, i.e., oil-containing wastewater, is provided on the

lower cap 9, and the inlet port 9a is connected to an inlet pipe 10 which introduces the
liquid to be treated.

A space S is secured between the sealing member 4 at the lower end of the assembly
3 and the inner wall of the external cylinder 6 so that oil-containing wastewater introduced
from the inlet port 9a can promptly flow into the assembly 3 inside the external cylinder 6.

Furthermore, a discharge port 11 for non-filtered, untreated liquid is provided at the
peripheral wall in the vicinity of the upper end of the external cylinder 6, and the discharge
port 11 communicates with a circulation pipe 12.

[0060]

Furthermore, a diffusion air inlet pipe 14 is inserted from the lower peripheral wall
of the external cylinder 6 so as to communicate with the inside of the assembly 3. As
shown in Fig. 2, the diffusion air inlet pipe 14 is connected to a blower 15. A
predetermined amount of air is introduced into the diffusion air inlet pipe 14 by the blower

15 when necessary, and air is diffused toward the hollow fiber membranes 2 of the



of PTFE. Thereby, the both are integrated by fusion bonding. [0064]
An oil -containing wastewat er treatnment apparatus 20 provided with the
separation nenbrane nodule 1 has a structure shown in Fig. 2. The
apparatus 20 includes an oil-containi nétwast ewater storage tank 21
into which oil-containing wastewater OL is continuously poured froma
pipe 19, a cleaning liquid storage tank 22 which stores a cl eaning
l'iquid cempmsBd.of Tiametd HalHoNewaibie aldtbealet DiagdvibhasEio bl Llids afethe ed
to as an _"al kaline cleaning liquid') AL, the inlet pipe 10 through
whi ch ealike eantained i qil-eeniaigingi wastaneiaradhering totthy ewjer nesipkeral susfages he

cl eani ng 4l L aui tank 22 communicates with an inlet portion 9a
for |iqu?%h%%a%§%%@%h €d of the separation nenbrane nodule 1 and

whi ch i sjoogsgrted with a punp 23 and a switching valve 24, and the
circulation pipe 12 through which each of the oil-containing .
wast ewat er st rEigEMPIgnfhepper-fixing mepthen A ppg thei lgyriscaling Bgmbeph prejoined
conmuni ¢ Y. i po : -1kl Leat ed
Taui d ofy rgtorcint B & SIRGEAR0 The fonbfing 5 Loy Rl tng HOL KRR

pi pe 10 hellgpw Gibedednbiants 2 frenshding liftedybw the ferc 41 stireanhef eipstmteiaingsi de

of the pu 23, and th i pe is branched by the sw t.ching valve 24. A
br anch p?"’ggtewéw ﬁgm&hgﬁg@qr@aﬂ@gflfwo&%pg%#%erﬁew stewat er storage
tank 21, and ,d63860 RiiRgerld fhd @pﬁpfﬁbefitﬂ%jlomr Py Gle@BRIpREEd drHi 43S

storage tank 22. Furthérnore, the inlet pipe 10 i's connected to a

di schar geespi, e (0@ fremblent kndigie sealing membauigire aompbsedhifag epat wiesipsansin
t he downgtr.eam si de_ of the 2.3 The circul ati.on pipe 12 ..
serving MEIGTUIEBRTAS sqraed BRIATIess siped 9 AcHES A teR i nd AU Ucenfisn
i s connegiofdletiRs bH&I glkhli fRitakal Ng wast ewater storage tank 21, and a
branch piﬁe 12B 1's connected to the cleaning liquid storage tank 22.

Furt her 2l by inserting a switching valve 29 at the branching

position, a np.filterad, t qui.d i et urn t

oi | - cont ai ni nép\%ys eﬁ‘/alaﬁg'rigl% oljrioggbyﬁ}ééﬁ Q‘%ﬁ&a}éeﬁ%i Est%égrgﬁi%%u%}lee ?Freani ng
li qui d i mehhatierigsgudiag bRepsdreRpen@nmpoded of Spro@ggretche PAZEftGbe 2b and a
circul atiion during al kali ¢l eaning. [006%6 pu 23 has a

The np
di schar geltptiegdaie cempasgd 06 2 POLPUR actahrg ﬁ‘?ﬁjgheﬁh%reqh%%éé sniike quier
oi | - cont %ﬂ"@%f%%?%ﬁ?{%g and the alkaline cleaning liquid AL to

t he separation nenb dule 1. By setting the discharge pressure
of the punp Z2Bhealiclltv filer3imiRas 2 bherall Abs 41f msislyelidmaereofdl. T foek2emtn, ah

pressure of.  the holl i ber menb at the ] PA | e point i
adj ust ed@ut_mde_ﬁm%erﬁm ® #%arﬁﬂﬁeﬁl}ﬁﬁ?@lgp%b%ﬁgﬁfeé%t 8. ahRPeHOT 0.2
cl eani ngyd | gith G p%'rosgt?g)lfgb% 19004, 0RH 31 P L6 MEFIANRL Bl tehs S Raximum

periodically altern supplied to'the separation nenbrane nodul e
1, and thenhsdiblewahinhenbraendifi@resiabprasserepef 0.0do ¢ £l ViPac| Ehntedsile stiengthe

RRRKRGREE T NP IR T 1 R RN
those described above.
[0063]

The hollow fiber membrane 2 which is a porous double-layer hollow fiber
membrane is formed by winding the porous stretched PTFE sheet 2¢ around the outer
peripheral surface of the porous stretched PTFE tube 2b obtained by extrusion.

Specifically, irregularities are provided by flame treatment or the like on the outer
peripheral surface of the porous stretched PTFE tube 2b.  Then, the porous stretched

PTEFE sheet 2¢ is wound around the entire periphery without positional misalignment, and

a load is applied through dies so that the both are brought into close contact with each other,

followed by heat sintering at a temperature that is equal fo or higher than the melting point



[ 0067] The outlet pipe 8 which is connected to the outlet port
7a for filtered, treated liquid and takes out treated liquid is
connected to a treated |liquid storage tank 26. At the sane tine,
since the treated liquid stored in the2kreated liquid storage tank 26
is used as backwash water, a backwash pipe 28 inserted with a
backwash punp 27 is connected between the treated |liquid storage tank

26 and t hepPRE! eThahe thd bdtR@RShtegrated B¥ekion bBgdiaper ation of the

oi | -cont ai ni ng wast ewat er treatnment apparatus provided with the
separ at i f6Aknbrane nodule 1 will be descri bed. The

oil-containin st eyat.e to, b ont j nuousl uppl,i ed. the ..
o1 1~ cont ai ni nn WEBIRNEE wabeh iR B AR APBRERS 0B Rk ifhdné &aration
wast evat gfenfbeatietfodul VR hes a bttg@hre BhéwRid FigoD! eNhe 4pbaltexTeinkakiesan 6if-
about 1,000 ng/L or |less obtained by a nmethod in which oilfield

wast ewat eentpIgIngapRsioyTaser starags ipk &t Intp sdndmikbceitpinmgavasiqwateaisni ng

sopar at o HrfibllyPhiicd HORPL Birk 39, 3 ERANIE L HRRRe ARCAS Wil giGess .
coagul at eldating EqmdgilohgposmﬁﬁaachlkIﬁima gqedoas tsaslhﬁat (m}fm.l?iﬂﬂe&i'éfeﬂéd ir?caatﬁhng
: LT il- i ni MAst | t Cfilt ith tk
separ at | SHktisR et SAL. 1 T bl 40 throvgh whihensh of e il Spiamee
200C, ang,nr&bRr ablase LRG 1][ &d%ﬁ%)&ﬁ%@?% fHGA sford ¥ U EmlREes ?»Hlllﬂ?ag

vi scosity of water-insoluble ol g a kinematic viscosity o
600 cSt wtlet40a@idns9adoc ligwd éal be trhated Hhthelsepamtiongnémbranatiodnle | &@68kich is

al- t ai ni t t fr. th id- i ni . I ter
Stor age. PAMIEOYE & PSS Az GPnen G A S8 G SRR E A PPUR ( he
inlet piRRichQatof e olldotaimfg Bvagt%\gﬁfer 5101k QMRT2 1804 (RE cleBfing ﬁ&ﬁ’iﬁ%ﬁ_drﬁ’éé

menbr ane nodul e 1. The introduce il-containin 27 wast ewat er

fl ows uptwakd2icamingmicates veish beriadchange paddd fer naanidlteted.ivntredtedligwid of thee
oi | - cont éai niac[\»1 vastewat eBdCIIélf |l ows into the outer peripheries of the
hol | ow f T Ber Ao anas 2°fh&i'de the assenbly 3. External pressure
filtratipoesp performed fromthe outer peripheries of the hollow

fi ber menbranes 2 to hollow portions of the hollow fiber nmenbranes 2.

[ 0070] AThq injes ping, 10tip pravided wiguthg switchiag yalye 28 omthhepsisrmaide of
o ol BSOS TRIB BB kYA, S ARE 07,
treated tomucdd sd headlecdn@iking Gvastewater storage tank 21, and a branch pipe 10B is
connected to the cleaning liquid storage tank 22. Furthermore, the inlet pipe 10 is
connected to a discharge pipe 10C for backwash water through a switching valve 25 on the
downstream side of the pump 23.
The circulation pipe 12 serving as a cleaning liquid path is also branched. A
branch pipe 12A is connected to the oil-containing wastewater storage tank 21, and a
branch pipe 12B is connected to the cleaning liquid storage tank 22. Furthermore, by
inserting a switching valve 29 at the branching position, a non-filtered, untreated liquid is
returned to the oil-containing wastewater storage tank 21, and the alkaline cleaning liquid
is returned to the cleaning liquid storage tank 22 for circulation during alkali cleaning.
[0066]
The pump 23 has a discharge pressure of 50 to 300 kPa and sends under pressure
the otl-containing wastewater OL and the alkaline cleaning liquid AL to the separation
membrane module 1.

By setting the discharge pressure of the pump 23 at 50 to 300 kPa, the



On the other hand, a non-filtered, untreated liquid is discharged
fromthe discharge port 11 to the circulation pipe 12, and is
returned to the oil-containing wastewater storage tank 21 or the
cleaning liquid storage tank 22 throug®®the branch pipe 12A. [0071]
As descri bed above, in filtering the oil-containing wastewater OL
with the hollow fiber nenbranes 2, in the case where hollow fi ber
Menbr anegagsnydnt framd diffRANRLIBRERURAU fMhe Rl fikEanQhbraRE 2 atihd 1PLBELBIBAN
100 kPa are used, the transnmenbrane differential pressure is adjusted
to 50 kPpoiptis|adisted. In the case where hollow fiber menbranes 2

Used, “the t v altonea Rtk batel e Belp ettt TaRab BT hufteht 5

or | ess. containinglwastdv@aterale arirriodichigy AlRAnLeRRLSpIRAItH thd sepdrafion GRmbaine
nore and 200 kPa or less, the filtration condition is set at 200 kPa

or |ess Bedulediapd theollpyfihep msmiyanca 2rarepesindically sleaged wih theydkaline

I n such ) . mai nt ai ni ng bal ance between the | PA bubbl e poi nt
of the ho E%agﬁ{l%lg%ﬁenbranes 2 and the transnenbrane differenti al
pressure, wat&s therndlallinb ckaning lidorisA .ot 0.BS20% by ongh aquasoas safiurhhgdroxide
hol | ow fi lier. nenbranes 2, water-insoluble oil can be efficiently
removed FHBIT KA - contai ning wastewater OL, and it is possible to
obtain tygghpd water having a water-insoluble oil content of |ess
than 1 ng/L.  [0073] | nstead of continuously supplying '

oi | - cont ai ni nbhevasleépigpt drwidth tsconhectad fo-tho owtldt port §a derstiléaned, areatt] digage

tank 21, oj];containi t ewat uppl i ed i ittently.
| such’ ke Pl BabRih EMeisn S o Bivted Faibfostet g 281 b e Reg
of ti mesyime2@ndd thé ﬁg&&%ﬁﬁﬂ?ﬁﬂ&ﬂﬁm théRdatell _liqﬁiﬁ'%]sc%g@ tAgk Yo sl ap@her Ok

beconmes concentr at ed. en the concentration of oil-containing
wast ewat egck@iash wateheashackwashepipgrp$ nsedgsbwith 2 badovash /pumpt2Yeis cemecisidng

rast cual S ) T B0y . )
s be apehat S et Ml eBhe R A R R, o et ot or G
[0068]

Next, the operation of the oil-containing wastewater treatment apparatus provided

with the separation membrane module 1 will be described.

The oil-containing wastewater OL to be continuously supplied to the oil-containing
wastewater storage tank 21 is oil-containing wastewater having a water-insoluble oil
content (n-hexane value) of about 1,000 mg/L or less obtained by a method in which oil-
field wastewater is separated into water-insoluble oil and oil-containing water using oil-
water separation treatment means, and from the separated oil-containing water, water-
insoluble oil and metals are coagulated and roughly removed using electrical
coagulation/floating means.

The oil-containing wastewater to be filtered with the separation membrane module
1 is filtered at a temperature of 60°C to 200°C, and preferably 100°C to 200°C. Insucha
temperature range, the viscosity of water-insoluble oil having a kinematic viscosity of 1 to
600 ¢St at 40°C is decreased, thus facilitating filtration.

[0069]

Oil-containing wastewater OL from the oil-containing wastewater storage tank 21 is

pressurized by the pump 23 and introduced from the inlet pipe 10 to the inlet port 9a at the

lower end of the separation membrane module 1. The introduced oil-containing



Furt hernore, another operating nethod may be used in which filtration
is continuously performed while maintaining certain anounts of

wat er-i nsol uble oil and solids, for exanple, by discharging, out of
the system concentrated wastewater codfaining water-insoluble oil
and solids in amunts that are the sane as the total amount of

wat er-i nsoluble oil and solids newy poured in. [0074] A
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[0072]

In such a manner, by maintaining balance between the IPA bubble point of the
hollow fiber membranes 2 and the transmembrane differential pressure, water-insoluble oil
does not pass through pores of the hollow fiber membranes 2, water-insoluble oil can be
efficiently removed from the oil-containing wastewater OL, and it is possible to obtain
treated water having a water-insoluble oil content of less than 1 mg/L.

[0073]

Instead of continiously supplying oil-containing wastewater OL to the oil-

containing wastewater storage tank 21, oil-containing wastewater OL may be supplied

intermittently. In such a case, by repeating circulation filtration for a plurality of times,



When the external pressure filtration type systemis used, for
exanpl e, by operating the backwash punp 27 every 30 m nutes, using
filtered treated water, counter pressure (internal pressure) is
applied to the hollow fi ber menbranes 2 inside the separation
menbrane nodul e to sweep solids and the |i ke deposited on the outer
surfaces. At the sane tinme, by feeding air by the bl ower 15,
the hol | iwrdtioheiod¥eds) hﬁ&@ﬁ-c&t@fn‘ﬁﬁ?ﬁrﬁb‘t@\hﬂ& OD bsédthdsaohyentdRdP FhdndEe
Then, the liquid to be treated, ich contains solids, is drained

f r om t heconsgpiratiparaf ogifcopppanias pastewpish Oarrhgpdonemnle, |aboy 2,90 me/L, the

time, th ackwas h: I for ' i g, 30
Seconds, TR aa b 835k e ifine RecciIRL SasRBist WBredk B d1 Tig) B
case whedBclpirgedcandtraplacadgritmaéve viicentaliisg wvastowateBOL - i nsol ubl e oi |
content as in_this case, preferably, all the ampunt i s subjected to
filtration. [OUnSIMeERANMthes operating method spay bropied i vhich Firaiorbist usi ng
a filtrati t j in:Fi ' | : 2
2nd Conpes BBl B Pled Alc M BIME corfh bflowds bEWRIRIRUEBIC0iRAE ©
has subssdiilsi @k kyarhple, yadischatging tout ef ths systan, @hctrttmtdd wastatdtercontaining

apparatus of .th i r.st qdi ment, the sa reference signs are used
F P Genor BeterdShme GEmsETIRE & Mo ML 88 M ems o ho Uy Ao e e
[0079] (EXpMBlefoilland solids nddghpoliRbiligw fi ber menbrane was conposed of
PTFE hydrophilized with croSslinked PVA having an outside dianeter of

2.3 mm alf®74h inside diameter of 1.1 nm with a bubble point of 125
kPa, a porosi of . 77% and tensile strength .50 to 8Q N 30 .
(250 © R hor | S Fishrokaion ahet B8RS MastoRed: Qi perlimid £ a5
N2 i ncl ugéri@l eMirgd)d-SEBk tife pERiTen e BPasReN oW ke Westedsad) theGaingsl2nnd
incorporated into the filtration systemshown in Fi

L1 L 3 g. 4. . .
O | - cont 9¢astustednend Bagwitehing galvy 24 roswitdhgd Tabedlow ghanael fapalkgbelearing.
into an ol - 0 1 r r : :
and the { i S AT R ARl RBAG . A AORIGAI Edyld SN AT Bl e
under t hialetqish 10, and thehdivling oledgibp dighid Aeisinmrodsed ¢ B8 whitt pABISHONE
in Fig. 5(A),. a stable filtration flow rate was shown. As for water

qual i ty, SReradiRB e IGancaBPeUle 1) | it was possible to sufficiently
remove oil. | o 1 [ i f o MiToll i:] 3 er
2000 10W 40 nanu ﬂéacl{n%%gééﬁﬁlﬁ o ‘?L@w%g’rngtﬂﬂ%\%%%@éﬂﬁénerraa?icghhder%%
Vi scosi t glea®andi8move drstirdpped 0a@6Msphtbld &GiChdhering to and deposited on the surfaces

of the hollow fiber membranes 2. The alkaline cleaning liquid AL is discharged from the
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discharge port 11 to the circulation pipe 12, and is circulated to the cleaning liquid storage
tank 22 through the circulation pipe 12.

In such a manner, filtration of the oil-containing wastewater OL and cleaning with
the alkaline cleaning liquid AL are periodically alternately performed.
[0075]

Furthermore, by periodically sending under pressure the filtered treated liquid SL
from the treated liquid storage tank 26 through the outlet pipe 8 to the hollow portions of
the hollow fiber membranes 2, the hollow fiber membranes 2 are backwashed from the
inside. The backwash water is discharged through the discharge pipe 10C by switching
the switching valve 25.

In addition, instead of the filtered, treated liquid, the alkaline cleaning liquid may be
used as backwash water, and may be left to stand for a short period of time, for example,

for about one hour.



Concentrationl45 ng/1 Suspended solids (iron hydroxide) 173 ng/l TDS
(dissolved salt concentration) NaCl10,200 ng/1 [Table Il1] Filtration
i nl et port pressure80 kPa Filtrate outl et port pressure0 kPa Backwash
frequency: Every 30 minutes Backwash pré3sure: 200 kPa Load tine: 10
seconds [Table I11] Suspended solids:1> ng/1 Water-insoluble oil: 1>
ng/ 1 [0081] ( COMPARATI VE EXAMPLE 1)

[0076]

In the case where the water-insoluble oil content (n-hexane value) in the oil-
containing wastewater OL is low at 3 to 200 mg/L and, in particular, oil-containing
wastewater which has low adhesion to the membranes is treated, it is preferable to use an
external pressure filtration type system in which oil-containing wastewater is supplied
from the inlet port 9a and filtered by the hollow fiber membranes 2 while flowing toward
the upper end side of the assembly 3, treated water from which water-insoluble oil has
been removed is passed through the inner periphery side of the hollow fiber membranes 2
and discharged from the outlet port 7a to the outlet pipe 8, and all of the oil-containing
wastewater OL is subjected to filtration and is not circulated.

[0077]

When the external pressure filtration type system is used, for example, by operating
the backwash pump 27 every 30 minutes, using filtered treated water, counter pressure
(internal pressure) is applied to the hollow fiber membranes 2 inside the separation
membrane module to sweep solids and the like deposited on the outer surfaces.

At the same time, by feeding air by the blower 15, the hollow fiber membranes 2
are vibrated to similarly sweep solids. Then, the liquid to be treated, which contains
solids, is drained from the lower part of the separation membrane module 1. At this time,
the backwash pressure is, for example, 200 kPa, the time is 30 seconds, and the amount of
air is 50 L/min for 20 seconds. In the case where oil-containing wastewater has a low
water-insoluble oil content as in this case, preferably, all the amount is subjected to
filtration.

[0078] EXAMPLES

An experiment was carried out using a filtration system for testing shown in Fig. 4
in Examples 1 and 2 and Comparative Exarriple 1. Since the filtration system shown in
Fig. 4 has substantially the same structure as that of the filtration apparatus of the first
embodiment, the same reference signs are used to denote the same components, and a
description thereof is omiited.

[0079] (EXAMPLE 1)

Each hollow fiber membrane was composed of PTFE hydrophilized with

crosslinked PVA having an outside diameter of 2.3 mm and an inside diameter of 1.1 mm,

with a bubble point of 125 kPa, a porosity of 77%, and a tensile strength of 50 to 80 N



Each hol |l ow fi ber nmenbrane was conposed of PTFE hydrophilized with
crosslinked PVA having an outside dianeter of 2.3 mmand an inside
dianeter of 11 mm wth a bubble point of 55 kPa, a porosity of 80%
and a tensile strength of 40 to 60 N (¥5C). A hollow fiber nmenbrane
nodul e 1 constituted by the hollow fiber menbranes with a nenbrane
area of 0.1 nR including an end-sealing nenber conposed of PFA was
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[0080]

[Table I]

Kind of water-insoluble oil: Super 2000 10W-40 manufactured by Mobil
Corporation (40°C kinematic viscosity: 92 cSt, density: 0.869 (at 15°C))

Concentration 145 mg/l

Suspended solids (iron hydroxide) 173 mg/l

TDS (dissolved salt concentration) NaCl 10,200 mg/1
[Table II]

Filtration inlet port pressure 80 kPa

Filtrate outlet port pressure 0 kPa

Backwash frequency: Every 30 minutes
Backwash pressure: 200 kPa

Load time: 10 seconds
[Table III]

Suspended solids: 1> mg/l
Water-insoluble oil: 1> mg/l

[0081] (COMPARATIVE EXAMPLE 1)

Each hollow fiber membrane was composed of PTFE hydrophilized with
crosslinked PVA having an outside diameter of 2.3 mm and an inside diameter of 1.1 mm,
with a bubble point of 55 kPa, a porosity of 80%, and a tensile strength of 40 to 60 N
(25°C). Ahollow fiber membrane module 1 constituted by the hollow fiber membranes
with a membrane area of 0.1 m® including an end-sealing member composed of PFA was
incorporated into the filiration system shown in Fig. 4. Wastewater (20 L) shown in Table

IV below was poured into the raw water tank, and the temperature was set at 30°C.



Load tine: 10 seconds [Table VI] Suspended solids:2 ng/1l
Water-insoluble oil:27 ng/1 [0082] (EXAMPLE 2) Each hol | ow fi ber
menbr ane was conposed of PTFE hydrophilized with crosslinked PVA

havi ng an outside diameter of 2.3 mmabd an inside diameter of 1.1
mm wth a bubble point of 125 Ga, a porosity of 77% and a tensile
strength of 50 to 80 N (25C). A hollow fiber nenbrane nodule 1
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n2 including an end-sealing menber conposed of PFA was i ncor porated
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(iron hyar OXIQ s%) e ngds (iron hydroxide) 173 mg/l

TDS (dissolved salt concentration) NaCl 10,200 mg/1
[Table V]

Filtration inlet port pressure 85 kPa

Filtrate outlet port pressure 0 kPa

Backwash frequency: Every 30 minutes
Backwash pressure: 200 kPa

Load time: 10 seconds

[Table VI]

Suspended solids: 2 mg/l

Water-insoluble oil: 27 mg/l

[0082] (EXAMPLE 2)

Each hollow fiber membrane was composed of PTFE hydrophilized with
crosslinked PVA having an outside diameter of 2.3 mm and an inside diameter of 1.1 mm,
with a bubble point of 125 kPa, a porosity of 77%, and a tensile strength of 50 to 80 N
(25°C). Ahollow fiber membrane module 1 constituted by the hollow fiber membranes
with a membrane area of 0.1 m? including an end-sealing member composed of PFA was
incorporated into the filtration system shown in Fig. 1. Wastewater (20 L) shown in Table
VII below was poured into the raw water tank, and the temperature was set at 30°C.

The system was operated under the conditions shown in Table VIII below. Asa
result, as shown in Fig. 5(C), a stable filtration flow rate was shown. As for water quality,
as shown in Table IX below, it was possible to sufficiently remove oil.

[Table VII]

Kind of water-insoluble oil: Mobileagr SHC 320 manufactured by Mobil
Corporation (40°C kinematic viscosity: 320 cSt, density: 0.88 (at 15°C))



TDS (dissolved salt concentration) NaC 10,200 ng/1 [Table VII1]
Filtration inlet port pressure80lcPa Filtrate outlet port pressure0
kPa Backwash frequency: Every 30 m nutes Backwash pressure: 200 kPa
Load tine: 10 seconds [Table 1X] Suspented solids: 1> ny/|

Wat er-insoluble oil:1> ng/1 [0083] Figures 6 and 7 show an

oi | -cont ai ni ng wastewater treatnment apparatus 30 of internal pressure
circul ati on fCbddenfratih t ypel1sxme/di ng to a second enbodi nent .

The oil -contai ni ng wastewater treatnment apparatus 30 is used for

oi | -wat er sepdtsaendsa splids @onhydipxidenildd mgtbustri al wast ewat er, not
for oil-fiel d?ﬁ@g&i?meﬁrsalt%ﬁ%n{rgﬁﬁnl)t @t reat nEnsoRARRAT at us 30 may be
iT-con wat e

used as an o al ni ng waste reat ment  dpparatus for
oil-field wasiTawet\dii]as in the first enbodi nent.

Filtration inlet port pressure 80 kPa

Filtrate outlet port pressure 0 kPa

Backwash frequency: Every 30 minutes
Backwash pressure: 200 kPa

Load time: 10 seconds
[Table IX]

Suspended solids: 1> mg/l
Water-insoluble oil: 1> mg/l

[0083]

Figures 6 and 7 show an oil-containing wastewater treatment apparatus 30 of
internal pressure circulation filtration type according to a second embodiment.

The oil-containing wastewater treatment apparatus 30 is used for oil-water
separation for oil-containing industrial wastewater, not for oil-field wastewater. Note that
the treatment apparatus 30 may be used as an oil-containing wastewater treatment
apparatus for oil-field wastewater as in the first embodiment.

A separation membrane module 31 shown in Fig. 6 is an internal pressure
circulation filtration type module in which each hollow fiber membrane 32 has two open
ends, oil-containing wastewater OL as liquid to be treated is passed through hollow
portions of the hollow fiber membranes 32, filtration is performed from the inner side
toward the outer side of the hollow fiber membranes 32, and a filtered, treated liquid is
passed through the outside of the hollow fiber membranes 32.

[0084]

Specifically, an assembly 33 of hollow fiber membranes 32, each having two open
ends, is housed in an external cylinder 6. The upper and lower ends of the assembly 33
are fixed with fixing members 34 and 35 with two open ends of each hollow fiber
membrane 32 being in an open state. An upper cap 37 is attached by bonding to the
upper fixing member 34, the upper cap 37 being provided with a discharge port 37a for

non-filtered, untreated liquid, and the upper cap 37 and a circulation pipe 12 are connected



A separation nenbrane nodule 31 shown in Fig. 6 is an internal
pressure circulation filtration type nodule in which each hol | ow

fi ber menbrane 32 has two open ends, oil-containing wastewater OL as
liquid to be treated i s passed through3hol | ow portions of the hol | ow
fi ber nmenbranes 32, filtration is performed fromthe inner side
toward the outer side of the hollow fiber nmenbranes 32, and a :
filteredo 4 diecHagek pore37d i s passed through the outside of the hollow
fi ber nmenbranes 32. [0084] Specifically, an assenbly 33 of
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perform backwashing.

Furthermore, a diffusion air inlet pipe 14 connected to a blower 135 is inserted into
the pipe 10 close to the inlet port 36a of the separation membrane module 31, and thereby,
diffusion air is fed into the hollow fiber membranes 32,

[0086]
The hollow fiber membrane 32 of the second embodiment includes a porous

stretched PTFE single-layer tube as in the first embodiment shown in Fig. 3. The porous



[0086] 34 hollow fiber nenbrane 32 has an inside dianeter of 1 to 12
nm an outside dianeter of 1.6 to 14 mm an | PA bubble point of 50 to
400 kPa, a thickness of 0.2 to 1 mm ﬁiffnorosity of 50%to 90% and a
pressure resistance, in terns of naxi per m ssi bl e transmenbrane
differential pressure, of 0.1 to 1.0 MPa. These physical properties
are neasured by the sanme nethods as those described above. [0087]
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cont ent @wehmjwhe@h sidaof aﬁh@Howﬁh@g Bgmbsangs B god guided pet from dhetgeatethd
a treateg ei‘ ggt;lé? ?g? Eygoﬁdé(@#f{hte ?lltelllgl \salpf)i} thgg%ﬁﬁ cﬁ [nd-£6% 1030u

ng/ L can one on step
plpe 8.

Non-filtered, untreated liquid containing water-insoluble oil, solids, and the like is
discharged from the discharge port 37a provided in the upper cap 37 to the circulation pipe
12. '

In the case of the internal pressure circulation type, even at the same circulation
flow rate, since the cross-sectional area of flow path inside the separation membrane
module 31 is small, the flow velocity increases. Consequently, since the effect of
detaching solids and water-insoluble oil deposited on the surfaces of the hollow fiber
membranes 32 increases, the internal pressure circulation type is effective, in particular, in
a region having a high water-insoluble oil concentration.

[0088]

In the second embodiment, oil-containing wastewater OL having a water-insoluble
oil content in high concentration is used as a liquid to be treated, and a treated liquid
having a water-insoluble oil content of less than 5 mg/L. can be obtained by one filtration

step.



Since other structures and advantages of the second enbodi nent are
the sane as those of the first enbodi nent, the sane reference signs
are used to denote the conponents having the sane function and
effect, and a description thereof is tted. [0089] Figures 8
and 9 show a separation nenbrane nodul e 40 and an oil -contai ning

wast ewat er treatnent apparatus 60 according to a third enbodi nent.
The separ at | oSinceetheenictiRes i A0aritafes of thetseosial dhglimesteytiehme as
treat ment n imersion type nodule in which an assenbly 42 of

hol | ow f fhoes Oﬁ‘@ﬁiﬁf%ﬁ&boﬂ@?@ mﬁ%ﬁ%@@rpwemqswmﬂé%d@mthswomonents
whi ch oi i s by suction
oi | - contg?vqn?%gév%a&gl? gu\/\%@%%%gﬁg o’m ts%a&lrsn f ?Ilagfhg ﬂﬁﬁ}gw fiber
menbr anef)049] oi I -cont ai ni ng wast ewat er C]_ |s perneated through the
hol | ow fi ber fromthe outside to he. i nsjide of  the
ol | ow 11 ber HEHE BB4 oM AEBURIon Mempie gupale Mhiroin heougaiiin) y
42 of thgahelh@tdtReht d@ﬁﬁﬁﬁ%sacéérdh% th 'a%ﬁﬂd WinbBditheht. X1 Ng menber 5
wi th an upper open end each holl ow i ber nmenbrane being in an open
state, the fikhesgpaetibemembranciinodde 40 fawilxmpeainiog wagicwated trehtercopisen

[ eat oo G e PO P arBisBiu o hOO T etinpbian e isor 1 ne

assenbl yirdelsed frl atichidérkidn farkesy mrvquéfea@%mém chba@ew@&eig s@aPé%ﬁ aﬁd‘ﬁly of
each holl ow fi ber nmenbrane 41 being in a closed state, as in

first endowingeby sucline Ofquom@gun&métﬁwstea@ufmn tspaside afithg rh@llpwe"lber

seal i ng t i 0

t he out e&%%@r?%nﬁ éfa it p&t%lg sag{.é&ﬁh{ ﬁlhfe% ggﬁ%aﬁ%q fhro '}ﬂﬁe ﬁéﬂ Od” ?ﬁ "t he
verti cal mdinbegics o ﬁ@ﬂﬂthéemtsidbrtc@drd the insidehd tE@l@dlldﬂ@ﬁ]ﬁ'ﬁﬁ@ﬁblﬂﬂ@Mlﬁ he

| ower end and the |lower end of the joining bars 43 are fixed to a
skirt metB98P] 46. An air diffusion port of a diffusion air inlet pipe
14 connect ed

Dur i ng 1111 r o taPan SRt doalsEmBlyARRE RERAM MebbbbraBIREL i with o
resul ti nﬁxﬂmgbﬁﬁxﬁsrda&mﬂeamupper opé:raﬁndmf chtloholigwéibelr membiahe bemgal i ogen

QL inside th rsio 0091 shown in_Fig
outl o P BB BRI DOUTEH LRREPT 6o & 74 ThONMBE Ry i oanediehiocn
liquid s§arags etS%ktz&ﬁ‘i%a&t'ﬂ‘tePéﬂetrf:dt&?quﬁHbﬁqh AR Yirst dnibtidaGesS fOr
backwashing inserted w pu 27 is connected to the
treated |i qU| Hleslvmeaqal ofgth& assemblyri® is ixed wpids 2B aling memberc4 withtadowhe
outl et pi t her nor e cl eani | j qui d stqgrage tank
25 | whh G ofFrch hotlon s SRR Ping e ] e os el o
i nto t heerhBa@mShON mrﬁm@membauga the Btlfh@ eft® and\He@EalRig m&ABA AR
wastewater OL inside the inmersion ta is renoved, the al kaline
cl eani nglowegandiatalioined byioimiaig baxs 43rat the dwteri peripherabportiom ko Bt thapeserdy
asserrbly t ih for.a required period of tinme to
per f orm C gsé{ﬁ?dn%qﬁ?g%g%ﬂ cp b Ed add einforcEd

The sealing member 4 at the lower end and the lower end of the joining bars 43 are

fixed to a skirt member 46. An air diffusion port of a diffusion air inlet pipe 14 connected
to a blower 15 is placed below the skirt member 46. During filtration operation, air is
diffused from below, and the resulting bubbles cause a circulation flow upward in oil-
containing OL inside the immersion tank 50.

[0091]

As shown in Fig. 9, an outlet pipe 8 for taking out treated liquid is connected to a
treated liquid storage tank 26 as in the first embodiment. A pipe 28 for backwashing
inserted with a backwash pump 27 is connected to the treated liquid storage tank 26, and
the pipe 28 is connected to the outlet pipe 8.



The hol |l ow fi ber nenbrane 41 of the third enbodi nent is a porous
doubl e-l ayer nenbrane including a support |ayer conposed of a porous
stretched PTFE tube and a filtration Lﬁger conposed of a porous
stretched PTFE sheet di sposed on the er surface of the support

| ayer as in the hollow fiber nmenbrane 2 of the first enbodi nent.

The hol |l ow fi ber nenbrane 41 has an inside dianeter of 0.3 to 2.0 mm

and an out si deurflicafiBices cRhniAg iqhid storfgdahk DD i RRicEABAIMIAE Eledning liquid
support, such as a cyflndrlcal net, is used on the inner surface, the

maxi mum A1 pigecddp atreduged jinfo 2t impmersion tanknd0 thetugbw Hipodt. nbferahe 41
has an | I [ . , ' .

0 oo FO BRSO 0L e DA it Qb
maxi num peuidiAI sis ihteoduced e therimineerslom faak S0f aral the hesmblyet ] Blingionakd
pressure), of 0.1 MPa. These physical_ properties are neasured by the
sanme net H%nﬁg3ﬂﬁ@§5ﬂd€§@ﬁP@gﬂwéﬁéﬁﬁbnqﬁ@mﬂﬁ&ersion t ype nodul e of
the thirghespodiment is used for treating oil-containing wastewater
havi ng a-water-insoluble oil content (n-hexane value) of 10 to 200
ng/ L. [0093] The hollow fileaymhanbriang4 afthe wetdembddimsentsisp pbiroad doobleeyer

i mrersion tank 50 through a pjpe 19. Th upply of oil - taj nin

et eat BETELEEABHAE S PR LBV T ORGSR KRS VitResB TRE (Ber 3 e

i nter m t 5RR%LY layer compd of b pduY str¥BRT PITE SRBE ALPHsBI oMBRE S saFfaldof
inside the imrersion tank 50°is subjected to filtration and the

wat er - i ndelsuppast layer asomtherioliom intgen nfenibirames?i obihk ficg enbiodimentwast ewat er
CL becones 2 / he oil.-contajnin st.ewat er i i sch ed
out of the sy iR R Rt AT bR PIRRaE R BRI of e bt WG i ng
wast evat giitside diatnetétRiFI0ie@ 3.0hn.t B thebRe SiRRe 4 SippoROsuch as a cylindrical net,

Alternatjvel¥, when the water-insoluble oil contéent becones 100 ng/L,
oi | - cont @iwsehen thesnesigudpceotheyassimymeouteidk diestes it 2Bmimon is fed into

e, Ler ST oneh R0, e 8aRL 5L PRSP BTG £ 5p L bpgenLal m o

accunul afh@sknkss ¢flIE2 ionNiks iaqidrdsity o f 50% tdi99ed) and b pgeseute rédistinte, mtsingyof
37 is perfornmed in a _short perjod of ting, For exanple, whe

. ) i n
1, 000 | i maxingim germisshble apspgmbraae differantial gressure @iieraah pressure), of 0.1 MPa.
wat er - i 01l j Ll - L. 0| IS
52000 RSBl praRP e billanddf £yl oy GRMAL AL b LBALAPE Blqve
cont ent 'Ohe ifensiphltypembnde iofitherthird ambadiknehOis used fhr siehdgeitcomyining

operating so as to,maintain this balance, the water-i | ubl e o]l
content VASTEWECT badas? wﬁter-é}%ﬁeﬂ%% P cQuRL iR 2Bt ﬁﬁf‘ﬁ@af%a a
certain ﬁgmgj. [ 0094] In the i mersion type nodule of the third

enbodi nent, during the filtration operation, by constantly ejecting
air fromthe OhsentamangiwhstessatenObiis sypipped fdthe ontessidmotask 50 thrbigina pipe

th |y, A2 ' | at . fl [ ift il,.- t.ai ni
vast vt B O HRPHE ONEPIfERasR oA Clora BB 40 Sufisymitimuion gt
of di ffusp Apepfofme@itterhdieriig! | ow fi ber menbranes 41 are vibrated.

Thereby, water-insoluble oil and solids are nmade to adhere to the
surfaces of t¥pechishllywienipél-contaibing westewntea R inside the iamdersion tank 50 is

wat er - i nsql- ubl i dher,i to the r f.ace re shaken ,off. . .

ot ther nePict o HlrafRl B wb B WS b OiF B A SRR ER A 21 goptaining
peri odi cabitywstesODdeeRHe200 @E/11 iR ¢l sdrdthing GrasteditdrOTBTIsdihatzaf kubsr:
After discharging, an alkaline cleaning liguid AL is supplied to the

i mrer si oesyHrRmEPn Hedugrersine tankd, aml neyp il pplampdrgwpstgwaer OF is supplied
innersedhﬁ@ﬂkq§mﬂ%¥gﬁkaﬁsgleaning liquid AL to perform cl eaning.

Furt herndre, by actuating the backwash punp 27, a filtered, treated
liquid SL is Amdrhatihetye dhheasheawhiasinsalaiblel dilgoneent bedomesNO0 inBldeil-of t he
hol | ow fi ber, menbranes 41 to backwash the hol |.ow f.i ber menbranes 41,

containing wastewater OL having a weak concentration is fed into the immersion tank 50.
When a predetermined amount of oil-containing wastewater having a water-insoluble oil

content of 100 mg/L accumulates in the immersion tank 50, discharging out of the system



[ 0095] By periodically perform ng cleaning as described above,
trapped water-insoluble oil adhering to and deposited on the surfaces
of the hollow fiber nenbranes 42 can be renoved by the al kaline
cleaning liquid AL, and the filtration3perfornmance of the hol | ow

fi ber nmenbranes can be substantially fully recovered. As a
result, a treated liquid with a water-insoluble oil content of |ess

than 5 nig/gerfofhiedin@dtort fediodRE tieRNt | nuousl y obtai ned wit hout
decreasing the anount of treated water over a long period of tine,

and thus the Bgssaamples when 6,008 liteef o containipgwagavatgpisded ankthe gyater-
field _ b . . .

e Lmch AR S Ik AR LR RGOS0 SR e T, S cor

wast ewat egrrdspedinig ti tha paserdhsesutde o comtegt dfd 00 hep/L v thed imd&re o eaic $ONis

can be used as an oil-containing wastewater treatnment apparatys in .
any fi el gischagead. B QeTRSINE PR FRITAEGATB W Bplane |waéfe¥rfp%ﬂqﬁblﬁgl content in

| Ut e iARER1RKk S0li00Mued to bd B R oG EP(B) show a

hi gh-tenperature oil-containing wast ewat er treatnent apparatus
accor di nfp09d] a fourth enbodi nent. The oi | -cont ai ni ng wast ewat er

to be treated has.a tenperature of .60C to 200C, an oil content. of 20
Lo 5°000° auy 182 b ST AS MedwR ot diedhtrd eie dinetb g He g lion o
g/ L. M ghdhtidid, b3lcbRiartsy dp&itihg aifEFbikidinserfel [diffi@idPAr pPRARAS Ui lower

(oil-contayni;g Wast ewatef treatnment apparatus) 63 provided with a
separ at i pertionwbtherassandn K, eircyl@pgAlow whichTifs updhapiicoutainiegriyasieiaater

nmodul e 62.0f .the f.iltration parat u ._holl fiber nLanes
2 oo ok it fieitnaicktbh ik 30 S ted B BETine D ufttsldnath, A7 e 2ie%
first enhipeif®@ibrandd Wl drkhitiraded ONTREEGY, Atatis-iBdIIAS ol Bfd RIS akd made to

structure shown in Fig. 1, and air diffusion neans is also provided.

The sameadhsresiodhe suréacgnef the dollewdibepmgabernss ¢ hand sahids cadpiatrsriso ublpef]
a descri pile (S Rlraled IUakaofr

Furthermore, as described above, oil-containing wastewater is periodically
discharged out of the system from the immersion tank 50. After discharging, an alkaline
cleaning liquid AL is supplied to the immersion tank 50 through the pipe 45, and the
assembly 42 is immersed in the alkaline cleaning liquid AL to perform cleaning.
Furthermore, by actuating the backwash pump 27, a filtered, treated liquid SL is introduced,
as a backwash liquid, into the inside of the hollow fiber membranes 41 to backwash the
hollow fiber membranes 41.

[0095]

By periodically performing cleaning as described above, trapped water-insoluble oil
adhering to and deposited on the surfaces of the hollow fiber membranes 42 can be
removed by the alkaline cleaning liquid AL, and the filtration performance of the hollow
fiber membranes can be substantially fully recovered.

As aresult, a treated liquid with a water-insoluble oil content of less than 5 mg/L, or
1 mg/L, can be continuously obtained without decreasing the amount of treated water over
a long period of time, and thus the apparatus is excellent as a treatment apparatus for oil-
field wastewater. The treated liquid obtained in such a manner can be used, for example,
as irrigation water.

The oil-containing wastewater treatment apparatus according to the third



[ 0098] Each hollow fiber nmenbrane 2 of the separation nmenbrane nodul e
62 may be either single |layer or a double |ayer. Wen used as an
external pressure filtration type or external pressure circulation
filtration type nodul e, each hol I ow fibr nmembrane 2 has an outside
dianmeter of 1 to 5 nm an inside dianeter of 0.5 to 4 mm and a
porosity at the filtration surface of 30%to 90% preferably 40%to

80% embbdietis @ Rsuskd beimeil-comemely wadidwitératdaatiertp s EiiBr Mell,
pressure circul ation type nodul e, each hollow fiber nmenbrane 2 has an

out si de ehichrsdieroibfield Vasiewvadey omefl-conipining indsigiebwatiewaler 1 to 10 mm
and a pogq}p@ {y at the filtration surface of 30%to 90% preferably
40%to 8 0099] Furthernore, the hollow fiber nenbrane 2 has
a tensil e striggick IO(Amdtl(ﬁ(B}SﬂloNahllgﬁ-tanpérﬁ’bﬁrmlbbbﬁamﬁigmasnéwﬁér to
400 kPa. [01004 5 ation rrbrane nodul e 62 provided
with an HS¥BWH %PPSWW?%H? ﬁffr OWGH PBRPAMSEE menbr anes 2 ar o

gat hered t ogefjesii cé’rﬁaﬁh@"@aété%dféﬂo bé%ﬁ)eii hhﬂl gklﬁ:lrﬂﬁfatﬁﬂ JFleb@Wio 200°C, an

oi | -cont ai ni ng wast ewat er- having relative viscosity to pass
t hr ough, ofl kentemtl dfi2@go 2008 mgB afd & hspéraled mmpbﬂwrt congedtrodi 68 to £0,680 ve

to the cro t al. area rati on nmenbr dule is 20%
to 6006 e Wit RBRted it Rened DAL NGRS Gl cORRIng watoate
enbodi mﬂ&ahrﬁﬁ%pﬁfatlﬁ? $8 pldviddRARS sephrdtRh hébhRYBodgR&20f the

assenbly 3 of the hollow fiber nmenbranes 2 and a fixing nenber 5
(upper - ed¥94kal i ng nmenber) which seals with upper open ends being in

h | ha
The fit st ance. e satah FiteBreiReudlt 05 B AN Hreleus 2 st Rlfoph e
di st anCenﬁﬁﬁYﬁﬁ@ZQ@iﬂp@Wdfdf%foﬁ%ffbﬂbﬁﬂﬁBTFE $ubch 6in€i RS eslthose @ftﬁe figstdS nm

in the case of a general -purpose hollow fi ber menbrane-ty
separ at i embedimsatnel hedHirpéon anparai 63 hvs the evgralhstrichire éhlqmwﬁla hiang air

wast evat g GRAR ntfgan§ fCdisS ﬂ'owded The same reference signs are used to denote the same
components, and a description thereof is omitted.
[0098]

Each hollow fiber membrane 2 of the separation membrane module 62 may be
either single layer or a double layer. 'When used as an external pressure filtration type or
external pressure circulation filtration type module, each hollow fiber membrane 2 has an
outside diameter of 1 to 5 mm, an inside diameter of 0.5 to 4 mm, and a porosity at the
filtration surface of 30% to 90%, preferably 40% to 80%.

When used as internal pressure filtration type or internal pressure circulation type
module, each hollow fiber membrane 2 has an outside diameter of 1.3 to 20 mm, and
inside diameter of 1 to 10 mm, and a porosity at the filtration surface of 30% to 90%,
preferably 40% to 80%.

[0099]

Furthermore, the hollow fiber membrane 2 has a tensile strength of 30 to 150 N, and
an [PA bubble point of 50 to 400 kPa.
[0100]

In the separation membrane module 62 provided with an assembly 3 in which many
hollow fiber membranes 2 are gathered together, as shown in Fig. 10(B), in order to allow

oil-containing wastewater having relatively high viscosity to pass through, the filling area



[ 0101] The | ower-end seal i ng nenber 4, the fixing nenber 5
(upper-end seal i ng nenber) which seals with upper open ends being in
an open state, an external cylinder 6 which houses the assenbly 3, an
upper cap 7, and a |lower cap 9 are eachconposed of a heat-resistant
resin having a heat distortion tenperature of 120C or higher.

As the heat-resistant resin, an aromatic am ne curing epoxy resin,

PFA,  PEPof RYDB110R fideh fhekribffhek SelatdRto (HOLB I choaE akl oRER £pimnsed of
SUS. The external cylinder nay be conposed of a metal, such as SUS.

Fur t her noresibrane rooduleiis 30% &r ¢6ed bet ween each of the upper and | ower

caps 7 and 9 the external cylinder.,6..s co sed. of .Tefl on,.
Viton, or a cBnbr reErSgr ey el rartshs CRRRORRD: Yot Sinfing
resi st anafemte®d @@ the lower ehig 3t @ a8iemtIP B loRithy HigloweHihe? Wadnfirands 2 and a
subjected to filtration treatnment by the filtration apparatus 63

pr ovi dedfigingmemeerpoluppi-amidiseslinganernberd wiirdreels sdthappenonenengs peing in
e PO ;
ronbr ane thopd etk HEEE Eftclibte RAR TRBEEer (1A0I h0forE P PRECY Bhes

| ess andbetweus pdjackad hckiomp Gibenhembrinen? (sepa@tibwdiktangd between hollow fiber

Furthernore, the holl ow fi ber nmbrane nodul e 62 i s subjected to

cl eani ngMemPERIFEHS I%Fgeqsﬁdfqm%Sftggw FRREha eqnemadpyirpose hollomgber
separ at | AnlRARLABEsdRHoR rivinbiinciBl G Shbna AR Hru Ui LedrtitfibCh
the difference iﬁﬁt Séér%er gture L?rs ﬁr ge b%ﬁwaetglrllét e ngﬁéﬁgdﬁlg?da{ft??long
peri od amasteveteoper taxt seomed40 period, and since the distance between
hol | ow ft&@r menbranes 2 is |arge, cracks easily occur in the upper
and | owe dh i ng nmenbers. Consequently, the separation nodul e

62 of this enppdiocWRRAknd Sealip hicecpd, MY fixhR ABHBAS (Pp&Ldnaadalf) B¥nber)

which seals with upper open ends being in an open state, an external cylinder 6 which
houses the assembly 3, an upper cap 7, and a lower cap 9 are each composed of a heat-
resistant resin having a heat distortion temperature of 120°C or higher.

As the heat-resistant resin, an aromatic amine curing epoxy resin, PFA, PEF, PVDE,
or the like is used. Joining bars 16 are composed of SUS. The external cylinder may be
composed of a metal, such as SUS.

Furthermore, an O-ring interposed between each of the upper and lower caps 7 and
9 and the external cylinder 6 is composed of Teflon, Viton, or a combination of metal and
Teflon, and thus has heat resistance.

[0102]

Heated oil-containing wastewater is subjected to filtration treatment by the filtration
apparatus 63 provided with the hollow fiber membrane module 62 as in the first
embodiment, and treated liquid permeated through the separation membrane module 62
has a water-insoluble oil content of 5 mg/L or less and a suspended component content of 0
to 1 mg/L.

Furthermore, the hollow fiber membrane module 62 is subjected to cleaning
treatment as in the first embodiment.

[0103]
The separation membrane module 62 is subjected to a heat cycle in which the

difference in temperature is large between the non-operation period and the operation



[ 0104] A plurality of hollow fiber nenbranes 2 are arranged in
a container at predeterm ned spacing. In this step, as described
above, the distance LI between hollow fiber nenbranes is set to be
relatively large at 0.5 to 5 nm 4N\ t her noset ti ng resin having a
heat distortion tenperature of 120C or higher is injected to fill the
container, and preheating is perfornmed at 50C. Then, the resinis

pr ecur edpbyod)@hd gintetheidiseshcabeawdeh @bllow dieemebies 0fis atgel e@sits dsily
hour s. Next, heati ng is perforned for 1 hour or nore at 100C

(oper at i REFW dierupper lpwemnseglies meRECIE20C (heat distortion
tenperature) e[)néegl\.’l@ﬁn%',r the sicﬂpéﬂ'-ﬁﬁ)'ﬁ m&cﬂﬂé 63 8r fh?s QI%J gﬁqs ﬁ#b?l?@(li k:)% tﬁ

at least 6 hours at a tenperature gra ent 0

[0105] metholihiesqiteddoiow.nvent ors have confirnmed by experinent that,
by fabricating the separati on nmenbrane nodul e as descri bed above,
even if E@@rgti on is perforned by the heat cycle described above,

occurrence of Agﬂlﬁﬁfft? o%eu&% ffb%fdha%&@rﬁ%s Eraﬁeva%%ggd I@Q%Iﬁ%ﬁa #f the

di stance betweén hollow fib menbranes i s I ncreased e sealing
menber s prede‘mjmmd apdeog. [10 1lﬁs}tep, as degamibedh abcbmt}ﬁcﬂlsiaﬂceddrheaweﬂmigﬂlow

vvastevvat ment. appar at Eil ucture descri bed above,
si nce th FFC}P? aPERS S tﬁﬁ ﬁté% %J’aéggecﬁlrbpso MG heat - resi stant PEFE,
it is possiblg tﬁ&nﬁﬁ&ﬁﬁ@iesiﬂlﬁwh@ d 18 aﬂsﬁ@ﬁoﬂ@mpeﬁaﬂﬁé of 120706 Higher is

softened, resulting in a change in pore size, and also it is possible
to pr eveﬁne@@t@rﬁlb @ommn@r,@a atphedimeds aerfermndent 58°G.e pBaane theyesin i ed
t her mal Pe%url%db r@we ELIIIIIOllcpowosa PI gfér?%ﬁ)gaet\/gﬂt cracks from

easily oBcurti n I WM& each of the

upper and | OV\Héxt§H@Jt1hQ@3 mﬂimé& f@ndhdud of Avrs&Al00PQ (SFHAIBIzSemperature) or
t hensel ves. her nore, conpared w th conventionally used

treat nenhlgéﬁlp%dalt%?sgéheaf ﬁ@tqmrgmnpamﬂg) oidowsh be reduced, and no
| arge space ' géglﬂfn%qs orkdsd sg?:!dugfl k-at Felégttéﬂ'ﬁ&{}?élemo UIang o
eh e-ne

cl eani ng and rane investi e separatlon
menbr anetendieratodgralicaof beCheai | y taken out, V\:hl ch is also

advant agfool%%]

The present inventors have confirmed by experiment that, by fabricating the
separation membrane module as described above, even if operation is performed by the
heat cycle described above, occurrence of cracks can be reduced or prevented, and even if
the distance between hollow fiber membranes is increased, the sealing members are ndt
cracked.

[0106]

In the heated oil-containing wastewater treatment apparatus having the structure
described above, since the hollow fiber membranes are composed of heat-resistant PEFE, it
1s possible to prevent the hollow fiber membranes from being softened, resulting in a
change in pore size, and also it is possible to prevent occurrence of breakage or cracks due
to repeatedly applied thermal shock. Furthermore, it is possible to prevent cracks from
easily occurring between the hollow fiber membranes and each of the upper and lower
sealing members and in the sealing members themselves.

Furthermore, compared with conventionally used treatment apparatuses, the weight
and size can be reduced, and no large space is required for installation. Furthermore,

during cleaning and when the membrane state is investigated, the separation membrane



[ 0107] The present invention is not limted to the enbodi nents
descri bed above. As the hollow fiber nmenbrane, a doubl e-layer holl ow
fi ber menbrane including a support layer and a filtration |ayer or an
asymetric holl ow fiber menbrane may b#l used. Alternatively, a

si ngl e-1 ayer nenbrane conposed of a honbgeneous porous tube nay be
used. Furthernmore, an assenbly may be fornmed in which hollow fiber

menbr anegmodul dagibe chsily\iabdiong, whidH id alp advastagesds of each hol | ow
fi ber nmenbrane are fixed in an open state with a fixing nmenber.

Furt her 1871 al t hough cl eaning is preferably perforned using an

al _kal ine cl ea’f‘%@?regéngg{vgntﬁﬁ is[ﬁ%}'ligﬁe@?&?ﬂeghﬁo&@:&% ée%rﬁ%e%%x&gap/gmh
usmgatreate I qui d. e presen I nventl on can e nodified in
vari ous halysw fibthmamaranagéoubid-lagucledidmnibd: ecngbraiie mtluding 4uuppelayer

invention._ Industrial Applicabilit 0108] In the present
i nvent i ofi?d égﬂm@nllwa Pﬂglt @ysgn?trle_§9ﬁw hemeppuapr ey b@@?iwat er
descri beg1ﬂeﬂ1ahbaﬁ,e,{@9§lb-|’1§ﬂ} ﬁleh?or%H (,Ig &e&éﬁdhonh%eﬁg@s.tﬂo?&s tﬁtgkgtinay be

present inventioh can al so be ap to treatne industri
wast ewat ssedi ndurtbémyre, untassegntly miagtde fomodd inagtiewatlbrw fibal methirgnes are

UL TN i prENE s
t r eat menktaR0yitiH fixfY REhb&GONFahiRdrd ARk SWAcRaninea 3 brEdhb@RRALALLS 2,
32, 41 hollow fiber menbrane
using an alkaline cleaning liquid, it may be possible to perform only backwash using a
treated liquid.

The present invention can be modified in various ways within a range not exceeding
the gist of the present invention.

Industrial Applicability
[0108]

In the present invention, as the liquid to be treated, the oil-field wastewater
described in the embodiments is suitably used. In addition, the present invention can also
be applied to treatment of industrial wastewater including cutting fluids, food wastewater
including water-insoluble oil, and the like.

Reference Signs List
[0109]

1,31,40,62 separation membrane module for oil-containing wastewater
treatment

20, 30, 60 oil-containing wastewater treatment apparatus

2,32,41 hollow fiber membrane

3,33,42 assembly

6 external cylinder

8 outlet pipe

10 inlet pipe

12 circulation pipe

21 oil-containing wastewater storage tank

22 cleaning liquid storage tank



3, 33, 42 assenbly 6 external cylinder 8 outlet pipe 10 inlet pipe 12
circulation pipe 21 oil-containing wastewater storage tank 22
cleaning liquid storage tank 23 punp 26 treated |iquid storage tank
QL oil -contai ni ng wast ewat er AL al kal i e cleaning liquid 43 CLAIM
[Claim1l] A separation nmenbrane nodul e for oil-containing

wast ewat er treatnent, which separates water-insoluble oil from

oi | - cont ai ni Zg wasim@wat er that has high turbidity and/or high

tenperature, the separation nenbrane nodul e being characterized by
usi ng a hol | 3¢ f ireeled hawesteesianleh i s conposed of an

al kal i -resi stgpt pp el ected from
polytetraflud?geﬁﬁgfﬂﬁén%§$%ég, S%Iysulfone (PSF), and pol yet her
sul f one ( PES)ABRndilkaline cleaning liquid



whi ch has a tensile strength of 30 N or nore, wherein the

hol | ow fi ber nmenbrane has a heat distortion tenperature of 100C or

hi gher; and an end-sealing nenber_of the hollow fiber nenbrane
i s conposed of a thernosetting resin hddi ng a heat distortion
tenperature of 100C or higher or a hot-nmelt resin having a nelting
point that is 1.5 tines or nore the operating tenperature. [C aim 2]
The separation nenbrane nodul e for atlLADvG®t ai ni ng wast ewat er
treatment _according to Claim1, wherein the oil-containing wastewater
to be fil¢lgiedlwith the filtration nembrane contains water-insol uble

oil having a ki %Idgﬁné{@@%ﬁf@ u&ffg]l iﬁrﬁoﬁ%l as@éwa"t@rq r%ﬂﬁe}ﬂ Qxﬁ%ﬁ' ty

ofO?tolOg e separation nenbrane’ no
for oil - sepatadsnivater-inaslubleailefirorh e adomeiing eaete dhtef) tHaoh4s Mghntutbidith andbn

the oil - tai ni ng stewater to he filtered with the filtratio
menbr ane%ﬁ?‘&?‘ﬁ@mée $PEgHORGrM 6%“%‘?‘&1 gﬂgg,plgpggcéer&eﬂ By dping hpllow

Vi scosi t p&f mOnirah® whidh 19@&1‘1 o3l 0‘? Qﬁ:alkﬁﬁcheéﬂtﬁrﬁ (y%%dé@ﬁ&ﬁbrﬁhé §e@éc@éji bk h

the filtration nmenbrane n oil content of O. cd aim
4] The quﬂatea‘aﬂmron@wbma(a%TFE))dpd)lgsﬁlﬁmecﬁPSFhami polpéther smﬁbn@(lﬁﬁrand

treat ment ,accgordin an f ainms 1 to 3, wherein the

oi | - cont gllhjr?ﬁ’ﬁ'{j‘ g%g gfg){q%f]ﬁlﬁfquch?’ed with the filtration menbrane
has a suspendgpers@l theh6IRRE ﬁeéﬁﬁ&meﬁn@haéa héat HixtSH6n MRitderatliel X100 or
The separation nenbrane nodul e for oil-containing wastewat er

t r eat menhigher; and

an end-sealing member of the hollow fiber membrane is composed of a
thermosetting resin having a heat distortion temperature of 100°C or higher or a hot-melt
resin having a melting point that is 1.5 times or more the operating temperature.

[Claim 2]

The separation membrane module for oil-containing wastewater treatment
according to Claim 1, wherein the oil-containing wastewater to be filtered with the
filtration membrane contains water-insoluble oil having a kinematic viscosity of 1 to 600
cSt at 40°C and a density of 0.7 to 1.0 g/cm? at 15°C.

[Claim 3]

The separation membrane module for oil-containing wastewater treatment
according to Claim 1, wherein the oil-containing wastewater to be filtered with the
filtration membrane contains 3 to 2,000 mg/L of water-insoluble oil having a viscosity of
0.1 to 5.0 mPa-s at 20°C, and treated water filtered with the filtration membrane has an oil
content of 0.1 to 10 mg/L.

[Claim 4]

The separation membrane module for oil-containing wastewater treatment
according to any one of Claims 1 to 3, wherein the oil-containing wastewater to be filtered
with the filtration membrane has a suspended solid concentration of 5 to 10,000 mg/L.
[Claim 5]

The separation membrane module for oil-containing wastewater treatment
according to any one of Claims 1 to 4, wherein the oil-containing wastewater to be filtered

‘'with the filtration membrane has a temperature of 60°C to 200°C.



according to any one of Clainms 1 to 4, wherein the oil-containing
wastewater to be filtered with the filtration nenbrane has a
tenperature of 60C to 200C. 44 [d aim 6] The separation
menbrane nodul e for oil-containing wastewater treatnment according to
any one of Clains 1 to 5, wherein the hollow fiber menbrane is any
one of a single layer, a porous double |layer including a support

| ayer angblan-ﬁﬁ ftration layer stacked at |east on the outer side of

t he support 1}1/ and an asyrmetrlc filtration menbrane. [C aim7]

The separati o"ﬁ W&ﬁ@nwedmm@ medule for dlosaniaining grasisveiendeaiment

St engt h S He i o, PR s, EhBHRRnd Sbflo AP e 1€ ab F o6

hol | ow f single lﬂﬁiﬁm’ pmeushkmbttnlajrd?mldiuﬂlbg @ sppport lapér &nd ot fitrdféh kafer. stacked at

[Caim8 i on nmenbr ane m)dulefor |I-cont I ni ng
wast ewat Sttor”e%i? H’é‘i“rf Sdbehig iSHRP Aol 4y anshia asymenesii leptip roermbggast of
t he hol I ?3 menbrane is a porous doubl e-layer hollow fiber
merrbrane |n whi ch a porous stretched PTFE sheet is wound around a

porous stret cﬁh@sdﬁmﬁon uleebrfi@ rapdnl®for oil-contdlineg sep@water bratmenbr ane
nodul e for oi. ont ai ni wast.e tre nt, accor,di o] an one
0T o mabepRlipe Bt RIRRR I Sherein @b Tt SRt al e hau R tuer s
di anet er n&hwm{%lls 5O u{ 3 AN i@ic and the hé1Gw FRRAHRIbLIhe HRSRE mbﬁmwmnt
for oil-containin wastewat er treatnent according to any one of

Cl ai ns 10f 80 B, 400
[Claim 8]

The separation membrane module for oil-containing wastewater treatment
according to any one of Claims 1 to 7, wherein the hollow fiber membrane is a porous
double-layer hollow fiber membrane in which a porous stretched PTFE sheet is wound
around a porous stretched PTFE tube.

[Claim 9]

The separation membrane module for oil-containing wastewater treatment
according to any one of Claims 1 to 8, wherein the hollow fiber membrane has a mean pore
diameter of 0.01 to 1 pm.

[Claim 10]

The separation membrane module for oil-containing wastewater treatment
according to any one of Claims 1 to 9,

wherein when a plurality of the hollow fiber membranes are formed into an
assembly, and the assembly is housed in an inside of an external cylinder,

an external pressure filtration type or external pressure circulation filtration type
module is formed in which each hollow fiber membrane has an open end and a closed end;
and the module includes an inlet portion for introducing the oil-containing wastewater into
the inside of the external cylinder, an outlet portion for a filtered, treated liquid, the outlet
portion communicating with the open end of each hollow fiber membrane, and a discharge
portion for a non-filtered liquid that has not been filtered, the discharge portion
communicating with the external cylinder; or

an internal pressure filtration type or internal pressure circulation filtration type



wherein when a plurality of the hollow fiber nmenbranes are forned
into an assenbly, and the assenbly is housed in an inside of an
external cylinder, an external pressure filtration type or
external pressure circul ation filtrati%h type nodule is formed in

whi ch each hol | ow fi ber nenbrane has an open end and a cl osed end,;
and the nodul e includes an inlet portion for introducing the

0i | - cont aioduleds YaficgWatvbich satiphdlidy fib&d rlémbifant hes ®0d @fef@hds vhd tder ,

an outl et portlon for a filtered, treated liquid, the outlet portion
conmuni cEodHls fledesamdnispeortien fordntrediichartbe pgwomaﬁéng Wesipyatreintoepe ¢f

di scharg ﬁﬂﬁﬂ _
filter edﬂlegﬁ’%gl sc‘%ar a}gh%m :}ig#@%ﬁﬁr&hi& g;ti lgc%%'t%o t fépgkstplgar? %aganon
cyl i nder ﬁltenedanqmdlmmrhmhmpbmfmeeedffrdm theet ather dpgpendyrantdmheutiet portion for a
pressure ulation filjrat t) 45 nodul e .i.s_forped in whic
Phch hot EHeR: et dho sl Q%Q&B@ﬁll@w&ng&ﬂ@l PSS PRl
an inl et cHdet-QRqf or introducing the oil-containing wastewater into

one of the open ends of each hollow fiber nmenbrane, a discharge
portion for dalelyngha'enmhdn 4 pleraditly of mahdllmvé'tbehmsmbmnebwdormed

filt d. f t h d tlet t
11t er edin ABETEE0 P B O RBODLIERpar B AmESITRIAE SE it SiFeoteiine
i nsi de ofyaiBearxternal cylinder; and alternatively, vvherel n

when a plurality of the hol | ow fi ber menbranes are formed into an
assenbly, andait mn@rg@ériﬂlr@/thnstym meddeiinfoamed imwhicheach bellowibr t he

0|I-conta|n|n e s onfl on_t nodul
is forrre]alembr ic eaB% %néjlarn ("I‘IOSS’H eng‘ma ra‘:hreno lég lgﬁuaeseaﬁ %‘ﬁ B n%r

closed ea tﬂi:lteﬁaa;itrédwi nadd) e binddt lpdﬂﬁm&:ﬂnﬁlhﬁﬂlﬁtm@ a¥ith e of)af eridl dfl dabler ed
treated |iquid, the outlet portion communicating wth the open end of
each hol heNpW fibermemhisnane [Caim11] The separation nenbrane
nodul e f a{yﬁ ]Icont ai ning wastewater treatnent according to C aim 10,
wherein e o ow fiber menbranes used for the external pressure
filtration type mpamﬁblenmaibrmreeﬁsdlﬂefmioﬂmdnwiming wakletvagk i:reaftnteyipe
nodul e have n ou an inﬁlde di anet of

é ld(i [1 8 1 %g 5
0.5 to 43¢H9F a%) 3 Bsw Ve@rt ghokqv figeomengpppnes used forthe gyfe q@ﬁ%@
menbr aneglsied +f ty rortelil%rﬁ@tp?ersﬂﬁ'ls Cﬂ%ﬁm Bledalibh f )@E'n%ﬂuﬁé’l@eﬁre% oS naI

pressure circulation type nodul e have an outsi diameter of 1.3t

20 mMm ad1amq:mr@é1cﬂq>émnean infidé diametdd offthS tarfidmen, pod e potogitp b IWote 80%,
90% [d alc{;n 12] The separation nenbrane nodul e for

oi | - cont @i ng wast ewat er treatment according to Caim 10 or 11,

wherein the sfiehbBsK fmbﬁﬁqeﬁl%nb@hymar e GErmARpleRNes fiRStioh tﬁ)@l(ﬁ%ﬁé‘ﬂnal
hol I ow fi ber nmenbranes is 0.5 to
pressure circulation type module have an out51de diameter of 1.3 to 20 mm, an inside
diameter of 1 to 10 mm, and a porosity of 30% to 90%.
[Claim 12]

The separation membrane module for oil-containing wastewater treatment
according to Claim 10 or 11, wherein the shortest distance between outer peripheries of
adjacent hollow fiber membranes is 0.5 to 5 mm.

[Claim 13]

The separation membrane module for oil-containing wastewater treatment
according to any one of Claims 10 to 12, wherein the filling factor of the hollow fiber
membranes relative to the cross-sectional area of the assembly is 20% to 60%.

[Claim 14]

The separation membrane module for oil-containing wastewater treatment



[Claim13] The separation nmenbrane nodul e for oil-containing
wast ewat er treatnent according to any one of Clains 10 to 12, wherein
the filling factor of the hollow fiber nmenbranes relative to the
cross-sectional area of the assenbly i4020%to 60% [Claim14] The
separation nmenbrane nodul e for oil-containing wastewater treatnent

46 according to any one of Clainms 10 to 13, wherein an air diffusion
pi pe is gecopdisgod aly dokefIQaRts 10ao i 8 owhatintdnerindiffasibh pipefis tRkpoded bt e
fi ber mepbranes, arranged iglya vertical _direction or disposed for a

pi pe con e @artiog af tee 2sssiBbly 8 ths pilogy fibes ancanbrangs mrapged Wdevertgal ¢ he

separat i . i | e

el Udes e o o R A o BB RO e Blipder of
i qui d atheaepaetkovambinbrpnk ngpdute, and thetshygaritidn membrane modatdinelndss f r om

the outlet portion for the treated liquid. [Caj.m.15 L.
o1 | - cont BFSHRATTESiea PRI PR A PR R bl R ab & Bpctuiohign liauid
menbr ane;fip gl B 11H A iRk nehfiphfs HoRPtheRt eV 6n fdr 8 EBIdd BaE@Pr ding to
any one of Clainms Ito 14, wherein oil-containing wastewater having a
wat er - i nEcleublg] oi | content (n-hexane value) of 3 to 2,000 ng/L is
treated under, fi ltra%lion contdi tti o&s ti n tv\/ni,[glhdt he I[[ransmeg‘or ane
differential PPeULIPRITLe BEsiRpaerreqtment mplind ppas the R RYABP RSB of
t he hol | gydfileler oilBsihiaRS Wst&PatdHeeabherREtrding tb 8SSodd GITCIARE Kida4,
the transmenbrane differential pressure is 100 kPa or |ess when the
| PA bubbpécissl ei-comaingg wasiewatehsvmganvateeinsolublgrpih@ntapin-henage value) of
transne L nt. r e | he | PA
bubbi 6 o ator S el Bt B R PARMEn LSttt T B Sty aRe

wat er - i ndigferdultial rietsueoint5okPaion 1dsk hea tHedRAHUBBlegBbimal e Hotlohetsert han
5 ng/L in the case where the water-insoluble oil content in

oi | - cont BeAPRCUR3? kimpemoreanddessghan Y0 khgy thedrrasmenbumagiiferential ess,
and t heaﬁﬁ ﬁﬁneg ;srﬁ)_@'@ta'o? 1635 kvh%gﬂ'}eqm& Hﬁgbl&lyohft% l@glflfj{;frgrh&‘é ABIEE tHah 150

less th L in the case ere t ter-in ol | content in
oi | - cont kPajiand theatstnematdrani slifBeramial poassure iss2idPal erdesstwimn tHOIPApubble

R N TR ST e e
tr eat ment;|iAieR 1AhRg Wakr 3 OMan imdA 2 IR chsd Rhdréd 1thé’@§tre?ﬁfsgfub¥eetgl ddhtent

that, i nt h_e case where the wat er -1 nsol uble oil content in
oi | - cont & oil-centsinBigevastayratérds B0 tg/I2 00mory AndaheD( he/Leoriesnandathe onatapf

ded i d SS) i 0 / , t I - |1
i1 Er at i BHORElesddoapett FRiRR Bmad PalsF s | G Feariep et the”
passed tKaRusHtolibE: BPEdRMthih BRIcoRRIAMAREstedtel i3 hHE st Whe@s Ak 10
wat er-i nsol uble oil content in oil-containing wastewater is nore than

200 ng/ Lmgdd 2,000 ny/L or less or the concentration of suspended

sol i ds ([ﬁ)ﬁinil?6 100 to 20,000 ng/L, internal pressure circulation-type
or externa pre]ssure circulation-type filtration is perfornmed in

whi ch |'iquid Agoheohtedh®dastewsicr GedidbRdnethdd using the separation membrane

module for oil-containing wastewater treatment according to any one of Claims 1 to 14,
characterized in that, in the case where the water-insoluble oil content in oil-containing
wastewater is 3 to 200 mg/L and the concentration of suspended solids (SS) is 100 mg/L or
less, external pressure-type all filtration is performed in which all of liquid to be treated is
passed through the hollow fiber membrane, and in the case where the water-insoluble oil
content in oil-containing wastewater is more than 200 mg/I. and 2,000 mg/L or less or the
concentration of suspended solids (SS) is 100 to 20,000 mg/L, internal pressure
circulation-type or external pressure circulation-type filtration is performed in which liquid

to be treated is circulated.



[Claim17] An oil -contai ni ng wast ewat er treatnment nethod using
t he separati on nenbrane nodul e for oil-containing wast ewat er
treatnent according to any one of Clains 1 to 14, wherein after
oil-field wastewater is subjected to p‘f’7et reatnment to reduce the

wat er -i nsol ubl e oil content (n-hexane value), the resulting

oi | -contai ning wastewater is subjected to mcrofiltration with the
separ at i pilaied®y ane nodul e. [C aim 18] The oil -contai ni ng wast ewat er

treat ment net hod accordl ng to Claim17, wherein the pretreatnent is
pressure fl oadBPHwAntHAg H@ﬁﬁweﬁer wralwen; method veing st SeBHAUPRBERbEIE

floatati ﬂf&dﬁyel_ ntalﬂﬂg]\kr&?evﬁt&qi‘e%ﬂﬁ?n\f%éb?dlﬂ%ttt?ﬁn)}&?e I QFAEN o 145

10 to 100 ngy aim1l An ol | - cont al i ng "wast ewat er
treat nenwhmtrmf&:r oﬂ+fmj;d hastewelgaisatibjeotedborreamanentiol redicerthe water-

0|I-conta| ey treatment, accqording to any one of Cla

"to 14 bR ethionial Hhenh gRES theder g A caraGine WaaHer s pubeeted,
2,000 ng{d—mﬁ:ﬂ?fil&at%fﬁ&ﬁﬁ@%&e%&%ﬁ&?ﬁﬁhb?&féﬁﬁéﬂul@f 100 to 10,000 ny/L,
and is heated at 60C to 200 and the heated oil-containing

vvastewatE,(Elainsl&]ubj ected to filtration treatment with the separ at i on

o ean amac Uh ShEhulinds et okl bt orf Yo tlhin P, iR o

wat er . [ﬁi‘e%ﬂré’ﬁ‘e'éﬁﬂlent is pressiife Dbdtatt@dtaatet®r %@:@frﬁﬂ%@ulﬁﬁ&%ﬁ@tﬂ%al
apparatus which is a filtration apparatus conprising

separ at i Qpataligroly %ﬁéﬁlﬁo@m’l the hidrexang vabematiar hhﬁgeam@%té%\é@ & 19G @aﬂne nt
accor di nﬁ3 ?(gly one of Clains 1 to 14; and cl eani ng neans
whi ch se J a Ccleaning liquid conmposed of an al kal i ne aqueous

sol ution to tAeoRuohaingivaitbwateoiramehi methodresihg drRaepata@bt@embeane
remove water - i nsol uble oIl adhering to the surface of the hollow

fi ber memeARRdoI-eHBaIRmBaYAN VBT HEABRAN ecqrpne & apcensi ghGlaims 1 to 14,
The of | - a8kH dil-BohiflAVRIGH L TIBELABI ofBRAIY a‘{§2%%%§/L’%ﬂdta%u§ﬂeﬂHéﬁ

20, wherein the apparatus ol udes “an ol ini hg wa
storage ¢ampqnent @jnmnnf\m(] uoqlllll,(wOshgftLagm isdhakted bt 607€ mlma?ﬂ:,r@dnba]med

an inlet e Ihrou h whi ch each he oi | - cont ai wast ewat er
T or age. PLRTAMPEHE VB ARG 1o I SEBPA PR b i P e Bl gpFne

the inl eﬁlOBQlEtsh&ﬂhQJthE %te?—%’@l@f}lé 681 cHRERI88 e TP M s ZFHIRLSRnd&
inserted wwth a punp,
component content is 0 to 1 mg/L in treated water.
[Claim 20]
An oil-containing wastewater treatment apparatus which is a filtration apparatus
comprising:
the separation membrane module for oil-containing wastewater treatment according
to any one of Claims 1 to 14; and
cleaning means which sends a cleaning liquid composed of an alkaline aqueous
solution to the surface of the hollow fiber membrane in order to remove water-insoluble oil
adhering to the surface of the hollow fiber membrane of the separation membrane module.
[Claim 21]
The oil-containing wastewater treatment apparatus according to Claim 20, wherein
the apparatus includes an oil-containing wastewater storage tank, a cleaning liquid storage
tank of the cleaning means, an inlet pipe through which each of the oil-containing

wastewater storage tank and the cleaning liquid storage tank communicates with the inlet

portion of the separation membrane module and which is inserted with a pump, and a



48 circul ation pipe through which each of the oil-containing
wast ewat er storage tank and the cleaning |iquid storage tank
comuni cates with the discharge portion for untreated liquid of the
separati on nmenbrane nodul e; and bfanch pi pes of the inlet pipe
and branch pipes of the circulation pipe are configured to
comuni cate with the oil-containing wastewater storage tank and the
cl eani ngcikdulatioth ppOthé@ghtvelikh edcll ofithie @REontaining MigtewdterGithgd tahignd the
wast ewat er treatnment apparatus accordi r_l% to Caim?2l, wherein the |
di schar gelewng ligyid siragefaniseommupisates withithe disehargn partipn fos upyeated tignid
300 kPa,QﬁmgS E&m%hgﬂ&ﬂgﬁﬁghﬁﬁuksm&pserted at the position from which
the branch pi %pes Iverge. ’

branch pipes of the inlet pipe and branch pipes of the circulation pipe are configured

to communicate with the oil-containing wastewater storage tank and the cleaning liquid
storage tank.
[Claim 22]

The oil-containing wastewater treatment apparatus according to Claim 21, wherein
the discharge pressure of the pump inserted in the inlet pipe is 50 to 300 kPa, and a

switching valve is inserted at the position from which the branch pipes diverge.



