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TREATMENT OF WASTE LUBRI CANTS AND METHOD FOR | TS PRODUCTI ON Hi ELIANO2G8-E

| NVENTI ON 5 The present invention relates to the purification of water
contam nated with oily lubricants using cellul ose acetate hollow fi ber
menbr anes. BACKGROUND OF THE | NVENTI ON 1710 Lubricant fluids are w dely used
i n machi ning processes |ike netal finishing, netal working and also in the

el ect r oni cBlOLAQWRIBER MEMBRANE RGRAHP TREAMERTOP WASTHE 0 UBRICAN TS
i nprovi ng equi pnent life, reducing work piece thernmal deformation, -

i nproving surface fini sh &NP MEISHPRS-QRAYSiRREPUGTEONIS from t he work
zone. There are various categories of such lubricants and one of the nost
popular i s the soluble oil fluids. The oil concentrate of such oil fluids
consi sts oFIBDW@FaIHBINYENTHONOMe enul sifiers. They are used in a diluted
formw th water having 20 an oil concentration of about 3-10% Together

t hey f&rma stable emul sion when mixed with water. The resul ting

oi | -i n-wat i i iLky.white pearance.. After .
extended ps BT MentepiBlds RETd ol g bt BafRSiaN e At plbugh
pr ogr essi Viebfleantadaling teflilose Mcttateahbid Iber hesHbFes! epl acenent. The
waste lubricant fluid has to be treated to |local 25 environnental sewage
standards before it can be di sposed of properly. Current practices of waste
| ubricati i @eﬂt! IV, ssentially two steps : 1)

Solid-li qagﬁégé@p%bgm? an Et"ﬂgghg‘)?émequi d-liquid separation. Solid-liquid
separdQion is to renove solid contam nants |ike work piece debris 30 from
the waste fluid before going to the second step. Current nethods basically
i nvol ve sdePricgninfigfdss ﬁfQWé(?leNS@ﬁ ipemachiring pracessas tiseswoptal dinishing, 17

JAN 2005 i 1,N s.fr | i.qui ds. | i d-contam nants,. can al so
be separ aﬁgsggy\ﬂ%ﬁﬁ%%nwg ? %«tg é%ltﬁ‘g]sélggtr%@ggl'Qayat%ctéﬁe o?ﬁeoysgqc@ﬁtadi ner.
Li qui d-11i quiriétys epaeasons) suehmaseimeravirey -eqismeht -(if8; Wed &ing Wbt Pledrs to
be 5 broken into its separate oi|l and water conponents before disposal.
This is oftheAnabsefersatipne ietrewns surfage dinisthanshilushivg. awayeirepurities s

met hodgr e i I hem cal s being present in the water. The oil |ayer
is thgrsl sﬁgmgégfﬁpggngeparate the oil fromthe water. The water has to be
further treated before discarding while the recovered oil is often reused

as fuels qr 10 sinply incinerated. Another nethod used is to subject the
liquid to daiedrengaiougaategorias efegighalubricaetsand pnemfthe enostaeopuar i

seen, the aaf .suC i L.r LQ= er._enul si.o fr st bricapts is
ot si e SR o HyddC 8 o LB e ST ey—h P sl RIREYE ot Mgl
general |y dilsi ard lopie eMbulsifiers e pegtarauddir irphl difuta ¥drhe Wikt Whtdrshavg
enough. The water nust neet the environnental standards of | ocal

aut hofPt i &0 gireancentratian ¢fcabpul c3rdPled. Tagsthercthey formnat stebile @mulsion

provi de a gl e sl Uil saparaL| t he. o] rom 2r_and_treating
the water vg}?é?r@)(ggrr\{gm# SN%EPI n adcrll81 ‘i"ﬁﬁ? Q@Hﬁwﬁért %@"ﬂ%&ﬁ@&%@sﬁ%r%d in
such enul snitkyswahite sjpeldraecd. halfte?Extehegdqritivels bf uséstiey epflgiont edulllyy t he
above nenti oned caonventional nethods. A known proposed alternative is the

use of ul thesomes dnefhisiant thratghs Pregrespiveadegrastation of repntaménafigrerand such

Chem cal - &gt DEREReRD) B, WS BicHrl Mg RIS 29 (Ratkd L)

di spo28l . erwivenatentslr seerigeustandardemiferiealitl vaavae! dlposedbwiapraperiyol | ow
fi ber nembranes for the treatnent of such waste |ubricant fluids causes

serious foHTeRY BrasHresof gwesteolubreatinn fisish disiatmentinvolvas ssserdially twe
Menbr anes.gtEh t HEr §Bfidiqlil PR AR Ghd 'tRe 99 LR/ UEliquid separation.

Solid-liquid separation is to remove solid contaminants like work piece debris
30 from the waste fluid before going to the second step. Current methods

basically involve some form of filtration or centrifugal action to separate the



30 and consunes | arge anounts of energy. The life of the nemr@ﬁ?‘Nc?gﬂsd be
17 JAN 2005 3 greatly affected due to the serious fouling protll e
associated with currently avail abl e nenbranes. The present invention
proposes a new fornulation for the making of a cellulose 5 acetate hol | ow
fiber nmenbrane with high water perneabil2ty, capable of oil and water
separation with [ ow fouling tendencies. OBJECTI VE OF THE PRESENT | NVENTI ON

10 To providid acoetantinhhty deemadied aliquids t r aBblid r sbh@fmiRahtsowan ggo npebr ane
capabl e of separating oils fromwaste |lubricant fluids with the foll ow ng

char act er i §eparated pM\ﬁ”PMQ e 89lidsi to, saitlg o ke bettpmrofenpontaingrand hi gh COD

and oil renoval. To provide a nethod of producing such a nenbrane that has
all the above listed characteristics. 15 SUMWARY OF THE | NVENTI ON The

obj ect i ves Ligfuid-liguidnseiration & tnore iopvsiex yT @Wﬁehﬂﬂléu@w KA e be
menbrane fromcell ul ose acetate. The characteristics of the nenbrane are :

a 20 no? echrekenwiiitgrits sapaite qilvand)water xcmomonentscbefork dispesab vEhieris

er meabi | | f 0 3 d | ow fouling tende b h
Pet ent at e( Ol Fé? doﬁ% u%&gn%g\%ﬂgﬂg R’f b&‘ﬁrk éﬁ%femﬂ 9fb |@R)N?Y%fe5§¥3hé'¥e‘bf°§o
been nmade sesuMsein hioreechemica®s ieifd presémt! inf haPWediCt TR oikRyBRIisHhen
DESCRI PTION OF THE DRAWNGS Fig.1 is an oil droplet size di Stl’l buti on chart

of the enufkiminedffjie separaten et oik fiom ﬁbetwmechaﬂgbwaftef has tedia furthidrux of

t he menbra n ate over,k a. nged 70 hou
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of its high hydrophilicity (i.e. having an aff y for water) which favors

t he reduct AeliProto sepayate the eibfraemwatssr. of t he resultl ng menbranes. Its
uni que characteristics are known to be suitable for the production of
menbranes with high water perneability for the treatnent of oily

wast ewat er As can be seen, the treatment of such oil-in-water emulsions from waste

lubricants is not a simple matter. The equipment, space and costs involved are

15 generally quite high. Merely separating the oil from the water is not enough.

The water must meet the environmental standards of local authorities before it

can be discharged. Most current methods do not provide a simple solution to

separating the oil from the water and treating the water at the same time. In

addition, some of the oil droplets formed in such emulsions are so fine that

20 they cannot be easily separated by the above mentioned conventional
methods.

A known proposed alternative is the use of ultrafiltration membranes to
separate the oil from the water in such emulsions. This method also has the
25 distinct advantage of reducing Chemical Oxygen Demand (COD) levels which
is a criteria in waste water disposal. However, present use of commercially
available tubular or hollow fiber membranes for the treatment of such waste
lubricant fluids causes serious fouling problems due to the hydrophobic
characteristics of the membranes. Furthermore, the equipment is expensive

30 and consumes large amounts of energy. The life of the membranes could be



Commercially avail abl e cellul ose acetate was used as the prese ‘} mWe
10 material. An organic solvent was selected to dissolve the ke

acetate. In addition, non-solvent additives which are also known as

nodi fication agents are al so required. Together these conmponents formthe
dopi ng solution. A tube-in-orifice spinndret is used to formthe hollow
fibers via the phase 15 inversion technique or sonetines referred to as

i mrer si on greatlypaffedtedrdue ko thériserioes hfadilingrprekiemn nadsocizted| with currently

pr eci pltatlon %ﬁth and an internal coagulant or bore liquid are required to
form t he hGVALIPIEi MEMPLraNGSa preferred enbodi ment, the doping sol ution
contains 15-25 wt. % of 20 cellul ose acetate polyner, 60-81 w. % of

organi ¢ solvent and 4-15 wt. % of non-solvent additives or nodification
agents. Thdherpesént isvention propdseset hgWXomyulatibh donthe( isking dite calialosel vent

addi tivges or @Edlf} a;tj on agegts conprise of polyviny Ig{yrrolldone (PVP)

i norgany c hellew fikegmembranewith high veatet Pﬁ‘m%?%*?' sapable gﬁ'O%éﬁﬁ of

the nenti 00@{1‘6 ?&pé}ﬁ gul ant or precipitation bath

used is sinp yIC res ﬂagtvgﬁh E&ﬁqu g%ﬂégn@gggul ant or bore liquid used is

either water or a mxture of water and NMP, where the m xture has a NW

conpositio water. Qther well known organic solvents that

may be useg)BﬁEé‘zﬂV& QELFW#EB&%ENE@VEMQ% di et hyl sul f oxi de,

di met hyl f ormam de and di oxan. 17 JAN 2005 5 The required anount of

sol vent and cel |l ul ose acetate poI ymer were placed in a reaction flask. A

stirret0 wa§'osm“oviaie anepeedl@dseabwlbtéﬂﬂraimamnaﬁoltdw eibsuneniraheal | the

cel l ul ose acet e ng ner el l ets were dissolved. The non-solvent additives
a

or nodifi c58P t®ilsn fromnr weste dubreant: fllids Juith tei feliqwngs 5

conti nued he I e

conpl et el yb'g%r'saﬂgtfﬂsltlgé T(g&?éclr)rglli@gEX?ﬂggmn%g%régé@n%gggéng héﬂso u ?8% it
was vacuunoiliegemyall Td provide aemptitoak of prodlicings pucinian therbraneo thavatsad aflt her
allowed to,stand in a stainless steel tank for 10 twelve hours to ensure

pr oper degg&%@’%p?t@g Qt@rgﬁﬁﬁﬁf'% The hollow fibers were forned via phase
i nversjgpn techni que using a tube-in-orifice spinneret. The doping sol ution
was extruded at a controlled rate of about 3.0 to 5.0m/mn while the

i nternal cOBMMARYSOBTHIOINVENGIONM was introduced at a similar rate formng
a contiguous interior cavity of the hollow fiber. The extruded holl ow 15
fibers were then passed into an external coagul ant or preci pitati on bath of

f h t t

fbor's mmy e CoBRERIES ort 8, flenfioh SR LRRIEACED SoyolfiEinky [ URIRW Tl

bef or e r eamieinmyankdrgm axeillpldsetaamaﬂe?t'ﬁ?je ﬁhiaﬁarcea;sﬂrgalofstjé \rmmmas:md;éreb af ]

non-sqlvent itives,in ie oll ow fibers were renove res

vvater%oeacmo?ﬁqu?f weight §P£P§d@%’§ of 3069 19 8800 Rete wafsri RRrMeRAR 'gtﬁ

Furt her m)f@fmdil%o fs@bLth%ﬁfaﬁmaéq L@Pl Eéﬁw Errettéhtggegé!ﬁgt THEY! g
Iea ? P col

up of the hollow fibers which woul pse 0 nbrane
pores. |t inethehoftraanufacturet ef theaholldve fibers rrmspatsce beenf madepsingsleotoof

t he hol | owf ber s one E&?’Lﬂ erature of between 10C to 30C. 25
EXPER| I\/EN‘I’ﬁ_ UCCHRELS Wﬂmwp % resul ting cellul ose acetate hol | ow
fi ber menbranes exhibit a MACO of about 5,000 to 30,000 daltons and a pure

wat er perneability of 100 to 300
25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is an oil droplet size distribution chart of the emulsion.
Fig.2 is a chart showing the changes in permeation flux of the membranes and

COD levels in permeate over a prolonged 70 hour ultrafiltration run.
30



30 L/ nR. h.bar. The physical attributes of the hollow fibers quJANa@gﬁ
i.nt er nal 17 JAN 2005 6 di aneter of about 1,000 to 1,500 m crons a a

wal I thickness of about 200 to 500 microns. A cross-flow ultrafiltration
unit was setup for tests at roomtenperature. It was 5 fitted with an
ultrafiltration cellul ose acetate hollovtfiber membrane nodule with a
filtration area of 0.005n2. The feed |liquid punped into the nmenbrane nodul e
was a wast BHTWEEDDESCRIPTION @F BREFRCRRED EMBADIMENTS®Xt r usi on process.
The emul sion of this waste lubricant fluid contains oil content of about
10% The oil droplet size distribution is shown in Fig.1l. and is observed

10 that th i r ! | & t mai nly
under 1 m SengosiRRIE AR chiSef B8 Bl MRafy rhaRa) pBtitee B M T 1 L
medi a fi |t bydrophilieity(iee. lhevig awhbifthity dot waterpwhiohefaosl & rdduction bb t he

ultrafiltrati.on, the waste |ubricant 15 fluid COD was neasured and found to
be aboﬁ %"W@@ﬁﬁ?‘&?”%ﬁq‘zéh? resylfing emprangsenlts upighe. charasignisties a&ure or

thefeedp’ r ; ocity of
o o v OWRHE TELSSARS (1e odBetiork&f ARG Wil ARRMAELEC 1Y
ei t her thepéumeability fohthentbatoveritidi ily wastéwateshel | of the nodul e was

col l ected and anal yzed. Sanples of retentate(oil) were 20 al so col |l ected
and anal yzed for their COD content. After ultrafiltration, the COD of the

per reat el LR hEAYa4BTe bOMESS SARERHL 2BATA ne TiksBl bt  or

of nmore than 95% i n ['s an vel "was muc wer than the

gener &0 y anaterfdl e dhrs begatdc delvEnt waatsalecied o slidsowd e dadlufdenardtate2InA
sust ai ned 7&ggour ultr filtééatj on run was performed using the same setup to

det er ni ne PRFUPBUNPHSO divegtwhish g@reaizo kpewavas Mesificaliapragedtsy oi | .
In Fig.2, regl eW' L £t wbrane was
obserged iﬁ'%aélgreor?gklggg' oper at | oﬂﬁgg%%m% E@ﬁ}gﬁ#?gg}n&%ﬁ% I I'tration

unit in a 70 hour run. This indicates that no appreciable fouling of the
rred. and therefore no for maintenpance was

b h 0. i t .
oo g, Ry R s S i s e BigEn 136 JRORCHET? ViR KIABNaSS A hor I ow

fiber b, i : I h i ofc oi | (from

vt o . e o B o st R et o P BT BPIRBESY o about
5,000 to 3thiHoBthed GoDextmaladoagllatiora Preciptationtbathdnd dminternal f oul i ng
tendency. 2. A hollow fiber nmenbrane according to claim1 wherein the

mermbr ane  hSRAGIANE ¥ BiRrediauid Are FeAyired togformybg: hollow tleersoo L/ . h. bar. 3. A

hol | ow fi ber nenbrane according to claim 1l wherein the nenbrane has 10 a
wal | thickness of 200 to 500 mcrons. 4. A hollow fiber nenbrane according
to cl ai m lnwhgrefienredhembedimenistheedoming isotutionl tartame H26atte % bf A process

wat er 2ih ofF Blss: Redats RS0 W %h Of CETamin goNeRbANAG- Lot Joff of _about
o7 2 gue) P BBEATOEALY P iodEURIo T OB SEA M gRbuger o
addi ti ves;2-pyrollidone (NMP). The non-solvent additives or modification agents

comprise of polyvinylpyrrolidone(PVP), inorganic or organic acids, inorganic

salts or mixtures of all or some of the mentioned compounds. The external

25 coagulant or precipitation bath used is simply fresh water. The internal

coagulant or bore liquid used is either water or a mixture of water and NMP,

where the mixture has a NMP composition of 20-80 wt. % in water. Other well

known organic solvents that may be used are : dimethylacetamide, acetone,

dimethylsulfoxide, dimethylformamide and dioxan.

30



b. spinning the hollow fibers via the phase inversion techni qr? gﬁN rﬁpg
tube in orifice spinneret; and 20 c. | eaching hollow fibers of solve and
non-sol vent additives) by imrersing in a water bath: wherein said

non-sol vent additives conprises of : polyvinylpyrrolidone, or inorganic
acids, or organic acids, or inorganic salts or a mxture of all or sonme of
the nenti oned conpounds. 25 6. A process according to claim5 wherein the
maki ng of The reqlited asmunhof dohvaint andfddiialosei scetatef polymer alera plavegddnat ur e
of 10Cto 30C. 7 aéklprocess according to claim5 wherein said organic

sol vent cofgactigadl neBHyeL was set @t eneed orabaute0Nrmcaa astensye

acetone, o I | I ks di A

B ocess acho e eRloR e e ol AR bRt RS ol THeon-SvPt,

fi bers vi aadditveshas madificatiminoagdres lwergthemn sntrg ueeduh® tHe fask | Strrimgiigner et
17 JAN 2005 Rﬁﬁ{egcenﬁntl tEage 8 14 JAN Z005 further utilizes an external
coagul aht &Pnt rUiA @llthei erlitlong aciataupaliats @ndvadditives wareicqmpletelyt wat er
and NWP, e 1yg it f - 80 . %] ter.
oA pr ocedSeayEd I8 irible 075 dhs NBGETRPHE oSpd sttt ithes Sebdetior o
5 fibers vdegassedphtaomm ngmpsirataré.echni que using a tube in orifice

spi nneret further exposes the hollow fiber to an air gap of 0-50cm before
it reaches the external coagulant. .A A@ANn2 .AUY . Al . A .ALr. AATY. Ig~

|
, Xo@ | gl .
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), Xo_dB) Yswhide4bge intéMb0¥haguitants or bore liquid was introduced at a similar rate
10968 () - F! 109%6& () - Y! 109658 (l)- 10958 (r) -1 ft 10968 () - Rwi [ MYs! 10%G&' ! 10
forming a tontiguous interior cavity of the hollow fiber.” The extruded hollow

15  fibers were then passed into an external coagulant or precipitation bath of fresh
water to complete the solidification process. The extruded hollow fibers may
be exposed to air for a gap of between 0-50cm from the spinneret before

- reaching the precipitation bath. Any residual solvents and non-solvent
additives in the solidified hollow fibers were removed by fresh water leaching in

20 a storage tank for at least 48 hours prior to use. Furthermore, the hollow fibers
are stored in fresh water to prevent drying up of the hollow fibers which would
lead to the collapse of the membrane pores.

It is important to note that the entire process of preparation of the hollow fibers
was done at a temperature of between 10°C to 30°C.

25
EXPERIMENTAL / PRELIMINARY STUDIES

The resulting cellulose acetate hollow fiber membranes exhibit a MWCO of
about 5,000 to 30,000 daltons and a pure water permeability of 100 to 300

30 LU/mihbar. The physical attributes of the hollow fibers are : an internal
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U& ()-, 1O0dtaogtén oflaBoutst,000 #aBAS00microHe and a wall thickness of about 200 to

500 microns.

A cross-flow ultrafiltration unit was setup for tests at room temperature. It was

5 fitted with an ultrafiltration cellulose acetate hollow fiber membrane module
with a filtration area of 0.005m? The feed liquid pumped into the membrane
module was a waste lubricant fluid from a precious metal fine extrusion
process. The emulsion of this waste lubricant fluid contains oil content of
about 10%. The oil droplet size distribution is shown in Fig.1. and is observed

10  that the oil droplets in the emulsion are extremely small and are mainly under 1

micron.

The waste lubricant fluid was first filtered using a simple media filter to remove

large solid contaminant particles. Prior to the ultrafiltration, the waste lubricant

15 fluid COD was measured and found to be about 13,000mg/L. During the
ultrafiltration, trans-membrane pressure or the feed pump pressure was kept

at one bar and a cross flow velocity of 1.0m/s was maintained. The permeate
(product water) which flowed into either the lumen of the hollow fibers or the

shell of the module was collected and analyzed. Samples of retentate(oil) were

20  also collected and analyzed for their COD content. After ultrafiltration, the COD
of the permeate(product water) was found to be about 280mg/L. This is a

~ reduction of more than 95% in COD levels and the COD level was much lower

than the generally accepted standards for water disposal which is 600mg/L.

25 A sustained 70 hour ultrafiltration run was performed using the same setup to
determine the fouling characteristics of the hollow fiber membrane by oil. In
Fig.2, no appreciable change in the permeation flux of the membrane was
observed in a prolonged operation of the same cross-flow ultrafiltration unit in a
70 hour run. This indicates that no appreciable fouling of the membrane had

30 occurred and therefore no stoppage for maintenance was required.
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CLAIMS

1. A hollow fiber membrane made of a cellulose ester for the separation of oil

10

15

20

25

30

from water, the membrane exhibiting a Molecular Weight Cut-Off (MWCO) of
about 5,000 to 30,000, a COD removal of above 95 percent and a low oil
fouling tendency.

. A hollow fiber membrane according to claim 1 wherein the membrane has

a pure water permeability of about 100 to 300 L/m?.h.bar.

. A hollow fiber membrane according to claim 1 wherein the membrane has

a wall thickness of 200 to 500 microns.

. A hollow fiber membrane according to claim 1 wherein the cellulose ester is

cellulose acetate.

. A process for making cellulose based hollow fibers for the separation of oil

from water which comprises the steps of :

a. forming a doping solution of about 15-25 weight percent cellulose
acetate polymer, about 60-81 weight percent of organic solvent and
about 4-15 weight percent non-solvent additive or additives;

b. spinning the hollow fibers via the phase inversion technique using a
tube in orifice spinneret; and _

c. leaching hollow fibers of solvent and non-solvent additive(s) by

| immersing in a water bath:

wherein said non-solvent additives comprises of : polyvinylpyrrolidone, or

inorganic acids, or organic acids, or inorganic salts or a mixture of all or

some of the mentioned compounds.

. Aprocess according to claim 5 wherein the making of the cellulose based

hollow fibers is performed at a temperature of 10°C to 30°C.

. A process according to claim 5 wherein said organic solvent comprises: N-

methyl-2-pyrrolidone, or  dimethylacetamide, or  acetone, or

dimethylsulfoxide, or dimethylformamide or dioxan.

. Aprocess according to claim 5 wherein said step of spinning the hollow

fibers via the phase inversion technique using a tube in orifice spinneret »
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