HK- MY- 01 PROCESSI NG DEVI CE FOR WASTE COOKING O L The basis for the
-pl)-rH:(thS claimof the present application is Japanese Patent Application
2006- 083473 (filed March 24, 2006), and the content thereof is descri be(é\I
in the description of the present application. BACKGROUND OF THE | NVENTI
1. Field of the Invention The present invention relates to a processing
device for waste cooking oil capable of continuous processi ngFEME0dof . 2.
Descri ption of the FROGESSING DEVHDE'@ORWAS’I@@G@I@N@P&LGM vvasteth |
cooking oil after using a cooking oil such as tenpura ol l wherein nethano
is mxed with caustic soda as a catalyst to cause an ester exchange

o ocer i and et e @36le Dr SHOGrity> HERETGH e e REPARM SIS, | oo
O e eagdépgﬁﬁs%ga??@aémhcmw20@@%3&03&&1@ MEGChaZ6 0G0 2B9BE6,
and 2004- 6¢93nt tﬁef&afngdgé({mue% HOIRO ees%n oHaﬁggey,ggg%' s dt fonh ester

d reacting with nmethanol 1n an es i's
2Qchanged mntﬁ hi ghly vi scous glycerln and tpen nethylogﬁzga g?ﬁ i%|¥ﬁ2{|2
are produced. Waste cookg ﬂigﬁiiﬁigtﬁéﬁ
varigty of inpurities d%ggﬁa%kgﬁ%&iﬁéil batter, materhoL t?e
like) is mxed in the former and oxidation occurs when cooking wt ea
so that such inpurities nust I din order to carry out the ester
exchange reaction. However, éﬁgﬂsgﬂééiﬁdégenﬂggus carried out, ester I .
exchange reaction 1 is a batch operation, and no device has been devel ope

for the conti nugﬂjl processi ng of waste cooking oil.
e present invention relates to a processing device for waste

P

cooking oil capable of continuous processing thereof.

2. Description of the Related Art

Attempts have been made to treat waste cooking oil after using a
cooking oil such as tempura oil wherein methanol is mixed with caustic
soda as a catalyst to cause an ester exchange reaction, and the reaction
product is separated by a separator into glycerin and methyl ester, the
latter used as a fuel for diesel engines (Japanese Patent Application Laid-
open Numbers H10-182518, 2000-219886, and 2004-67937).

Cooking oil is composed of a fat which is glycerin ester, and,
reacting with methanol in an ester exchange reaction, methanol is
exchanged with highly viscous glycerin, and then methyl ester and

glycerin are produced.

Waste cooking oil differs from freshly produced oil in that a variety
of impurities used in cooking (fried tempura batter, water or the like) is
mixed in the former and oxidation occurs when cooking with heat so that

such impurities must be removed in order to carry out the ester exchange

reaction.

However, even preprocessing is carried out, ester exchange reaction
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SUMVARY OF THE INVENTION It is therefore an object of the present invention
to solve the problems described above and provide a processing device for
waste cooking oil capable of continuous processing thereof. In order to
achi eve the object described above, the present invention hIS a procssghngo
[ for .waste cooking oil by carrying out an ester exchange reacti
S?‘éhﬁge gl )}é&é’%tcgrﬂi’eé’@g%: aﬂﬁéﬂe&ﬁh"l‘éﬁ pap hrastdevebapsii foy th Icontiduans est er
exchange agmotesafifs 6 waskd dhoRing Hi1i Ne ni xer, processing |iquid obtained by
the ester exchange reaction is alternately introduced into a pair of
glycerin separation tanks and separated i nt;ﬂ/ gl yceri nt and est;arEj itget e
separated glycerinis burrgggimz}@ﬁ@jﬁ%%ﬁg B 1 at generate
boiler is used for heating e _ Mgf the ester exchange
reaction and also for renmpving the water in the regov_eredfml cotrrprl Si Egng
ester. Also, th e |avention js rocessin evi.ce for waste cooki
oil, conprisi ng;Tt ﬁ\%\nﬁ%‘%}%%lgegpeg e\‘ﬁ r?éa#g%lge?%w g%&?—;‘?t\]/‘i’lhgmvwﬁ@}(v@ sk ng
oi |, m xi ngprofams fdescribed nghdviee ahﬁsbﬁoﬁdﬁkanﬁr&bésihgt géﬁiggﬁfoﬁ; Q%ISFéecgl Vi ng
t anks, an ck s I ank for storing the m xed was ,
first inl ?Er)fgﬂﬁgfifga\%\bﬁ%B PIHIR MRS PrgCRssiBE Aheresfer exchange agent
conprising an al cohol such as nethanol and a catal yst such as caustic

soda, with the ~waste cooking oil fromthe stock supply tank,_ a pgir of
gl ycerin separal® 8ﬁ‘§e"t 1eVs the P@ﬁﬁ?ﬂ%ﬂoyltbedtahmactheaigthd:ﬁnpnmmﬂ;mr e in;% o
P Y . ari . . et of
lslagglr gt T Lgmggggfg%%gﬁ% 3%Zir%ignfdpa§]§rsgeg§%§%mrg2§gv§§e%ar&”lngcé’ r#38is g ester, a
boi | er f or e¥&iangegreaciom to spsauge egiybelyriprend pééta?,i Meké‘iglft h&g@!ﬁb&@fg >r<]i g
[ g : d inline mxer.faor.continuou

ﬁgﬁf ; glt : gP%%ﬁgﬂkéfgfﬁguﬁg e%telio%{?}g?l?#enagﬁm SrGdPEred (A HyRe miXerc acid,
and n'&gneSpwmingdiqmiﬂeolﬁialﬁned{\ﬁhyhthdl@sfé]?aé)&%tah%l@%é,%&ﬁ@nloiisg?lli%@ﬁﬁdng V?g%yg? in

' ' [ ralizing cle
LQS a?;{fg;irﬁgéni@%ﬁgiﬂtgna ]ggaeﬁ"] kosf” gﬁrcgg{lrse%arg’sign tanks agd separated into

glycerin and ester, the separated glycerin is burned in a boiler, and the

heat generated in the boiler is used for heating the waste cooking oil, for
the ester exchange reaction and also for removing the water in the

recovered oil comprising ester.

Also, the present invention is a processing device for waste cooking
oil, comprising: two or more receiving tanks for receiving waste cooking
oil; mixing means for mixing the waste cooking oil in each of the receiving
tanks; an stock supply tank for storing the mixed waste cooking oil; a first
inline mixer for continuously mixing an ester exchange agent comprising
an alcohol such as methanol and a catalyst such as caustic soda, with the
waste cooking oil from the stock supply tank; a pair of glycerin separation
tanks for alternately introducing the processing liquid from the first inline
mixer after the ester exchange reaction and separating generated glycerin
and coarse recovered oil comprising ester; a boiler for using glycerin
separated by precipitation in the glycerin separation tanks as fuel; a
second inline mixer for continuously mixing neutralizing cleaning water
containing pure water, diluted sulfuric acid, and magnesium mixed
therein, with the coarse recovered oil separated in the glycerin separation

tanks; a pair of neutralizing cleaning water separation tanks for
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2 separating the cleaning coarse recovered oil alternately introduced from
the second inline mxer into cleaning water and recovered oil; a third
inline mxer for continuously mxing the separated recovered oil al ong
with the pure water; an oil-water separation tank for alternately
introducing the recovered oil conbined with the pure water fromthe third
inline m x8pPUGtNE Ehecleaning qoptse seqovarrsl ailt alternatelyc itredugedgfroarover ed

oil; and a foredNtroduc C r L] isepa in the
o et er - La0 ARERE A Al AG LRt g b F Bt MRS TR ",
separ at e wanlene jmixelnefor ecomtirwhisly Imixing tthe gepegratded irscwrreédnil themg

recei vi ng , e (o] pply tank the first to thigd inline mxers,

and t he re?ﬁ%tf@% %@%ar‘g??egh "fuénk)g WP SCPHA Ry tiar?tl%\ f@ﬁb?ﬂ&fﬂ?ﬁ& oundi ng

t he boi | er introdtdiagphesentvdrod el d:dmbixmﬁt\ﬁthlthbi]_cqwedvé@\tfﬁoﬂawﬂalﬁlif&iy be
rovided inthe glycerin separation tanks and the neutralizing cleaning

\R/at er sepa?rgfli’%ﬁgf‘éﬁgg ,Se%"?ﬁf‘%é sams e @ ag@ﬂ‘éﬁt&f’i %giceflﬁﬁmg EPOYCTRA t he

optical 1ielli dniieyeteagi@l@aser HrSiapAdRicend tRlirbedvabed dill YRaf i ok and an

upper portign. The present invention has a signjficant effect_ of

cont i nuous Pﬁ' Heg ceraraionbank apddiatiposama gikkistears foemrideabpder teour ce

gener at ed Byparaus Wa!%grﬁ{i’ﬁ@féd&véfbdaoilgm | er. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 shows an aspect of the enbodi nent of the present invention.

Fig. 2 shows a flow chart showi ng other preferred enbodi nent of the
present inventi T. T FERRED N&iDI S . The " processing
device for vvastgyg%o ?%@i#%%%ﬁﬁgengﬁgggggﬁggg,l ° S%E?ET Spl}pé)g%ﬁ?gk ‘

speci fi cat thnfirst! tai therd ardthedmavémsgand shdesspdchied sepadatiian estks day be

housed in a cabinet surrounding the boiler.

In the present invention, optical liquid level gauges may be
provided in the glycerin separation tanks and the neutralizing cleaning
water separation tanks, and a surface of separation is monitored by the
optical liquid level gauges to separate liquid into a lower portion and an

upper portion.

The present invention has a significant effect of continuously
processing waste cooking oil as well as using a heat source generated by

burning glycerin in a boiler.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an aspect of the embodiment of the present invention.

Fig. 2 shows a flow chart showing other preferred embodiment of

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The “processing device for waste cooking o0il” noted and described in

the present specification, claims, and drawings is described in Japanese

3




Pat ent Application 2006-083473. A suitable enbodi nent of the present

invention is described below in detail based on the attached drawing. In
“Fig. I, astock (waste cooking oil) is received in a conveyance drum 11
using a tank truck receiving nozzle 10, solids and the |like are renoved

fromthe c eyance,.drum 11 (or directly fromthe tank truck) wth a
strai ner 1%%?#5‘8@311%3‘?%@9&@&347% 12, and the strained result is
inserted froma discharge side line 15a into two or nore receiving tanks 16
using a receiving punp 14. The waste cooking oil received in the receiving
tank 16 is of vérsw§ablgembediment: of the prasehy ipventiouas ideyerleschhelowch t hat

the ester ¢xq Eﬁas{cf%%éjgtﬁ%ﬁgﬁidp&\ghp 'I ow does not happen readily, in

whi ch case goo qua wast e cooki ng | is collected in one of the
receiving tanks 16, then both the good quality and bad quality vvasge _
cooking oils are returned fr areturn |i .15b to the strainer 13 using
t he receiving pg?rpﬁ%zl,l’ %azocg‘%%?ﬁts&af’ﬁ‘mﬁ Pﬂz '9iENIPGy Pi@TYERARE a st ock
supply tankrdm 1D usike a vash ercedokbagvioig pw,zn@fm, %bﬁglsehrﬂil%é ltbke é[fbfe stock
supply tank 17 c hol rocessi ng quantity of one _ day,. a volune

appr oxi mat E?’?O‘é?fg?ﬂmfg‘@ &W@Kap?% P 14t Eldl%%?_ﬂéfl _ftophﬁke I?nkstrﬂpﬁt ered by
a doubl e sitahfaiklr RNEuORER #BkeibMelint 13! Al INCSIFRRIG Al it L/ N
for example, using a fixed quantity supply punp 19. Meanwhile, ‘an al cohol
22 such asinfertediispmamdischasgepigetlins 18y anfo te enmore cecivimgdmmksufpl i ed t o

an ester eﬁgggrgggeecﬁ?gﬁgﬁéﬁgé 141, and stirred by a stirrer 24 to make an

ester exchang ter exchange agent is produced by adding 0.05
kg of caustic soda to 1 L of nethanol, and is sent to the first inline

T 20, VO AR e BB R TR B
m xer 20, gaalstyngvith egieheBXpbangaaliepdeith sudehhblthBester exchange
reaction described below does not happen readily, in which case good
quality waste cooking oil is collected in one of the receiving tanks 16, then
both the good quality and bad quality waste cooking oils are returned from
a return line 15b to the strainer 13 using the receiving pump 14, and
supplied from the discharge line 15a to a stock supply tank 17 to make
waste cooking oil with a stable quality. The stock supply tank 17 can hold

processing quantity of one day, a volume of approximately 800 L.

The stock from the stock supply tank 17 is filtered by a double
strainer 18, and then sent to a first inline mixer 20 at 34 L/h, for example,

using a fixed quantity supply pump 19.

Meanwhile, an alcohol 22 such as methanol and a catalyst 23 such
as caustic soda are supplied to an ester exchange agent tank 21, and
stirred by a stirrer 24 to make an ester exchange agent. The ester
exchange agent is produced by adding 0.05 kg of caustic soda to 1 L of
methanol, and is sent to the first inline mixer 20 through a fixed quantity
(6.8 L/h) strainer pump 25.

The stock and the ester exchange agent are mixed while flowing in

the first inline mixer 20, causing an ester exchange reaction. The inline
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4 mxer 20 is housed in a cabinet C as described bel ow whose anbi ent
tenperature is held between 40 and 60 C, and a continuous ester exchange
reaction is enabled by m xing the stock and the ester exchange agent in
the inline mxer 20. The fluid after the ester exchange reaction flows into

a first gl Xﬁ%f %@%&@{em[@]haa@%bgztﬂ & aeéc%gtgefadbgi 7S iga‘sess Cgﬁe on tank

27b swi tching ternate ere ween ever m nu Yy SWi ing of a
first thr eéemmlsatarecmr bﬂhbrtmtmenalﬁmeaﬁﬁ 6@€f t@r andc i vzongn'ahas ldstiext d,

pr eci pi tatl on..separati.on alter takes. pla e cer
separ ati on r}ha[&g%ﬁgc 4 lf?edlabgﬁ(i%gyulpf’ﬁgg tgébé?’atﬁ?n %F}/ Ef‘%%%er se
recover ed agéntin theeinkpeamipar2d.on and the glycerin of the | ower portion

are nonitored in the separation tanks 27a and 27b by optical liquid |evel
gauges 28a and 28b, and the glycerin separated by precipitation and

collected in thghbaldiammar ﬂie%htéﬁeﬂi&fﬂhﬁ%@eﬁ@ﬁoﬁ%%stﬁt@a oY GRf doirst OF age
tank 30 through switching valves 29a and 29b he swi tching valves 29a and

29b are thé@paﬂa@@édtalﬂma?@ adca seeend gb@@ﬂ@rwa@atlondnph gwilshimg

tC(r)llrlcﬁgthegwbpgﬁl ng va %r&%%a anggg’syl 6%&“%&%?’#5%% Scri gi‘ﬁ ﬁggée?)lzs

aIternatelWﬁweﬁearemagneheahbae2&ont|nuous processi ng. As described bel ow,
the glycerin collected in the glycerin storage tank 30 is supplied to a
boiler 70 through a double strainer 71 and a punp 72. The coarse recovered

oil is sent aggAﬂ;ertrhi:@viﬂg‘rﬁld Hqaid Q@éiigwagﬂo}ﬂ@pgmﬁ@ﬁ a%rhbtéljd%lk@s 4
strai ner 33, and. a 34. . Pure wat.er iluted s uri.c aci an
magnesi um BECE I tﬁ‘exg&y%r{rh separation tanks 273 qad &gi’r Ziheg sur ﬁﬁl % wat er

tank 40 toségirationiftthalcodlftrdebPsroidnsl YRR upgdiep e idd 2hd £hglycdesi@ni ng
vater is maffy %Wer portion are monitored in the separation tanks 27a and 27b by
optical liquid level gauges 28a and 28b, and the glycerin separated by
precipitation and collected in the bottom portion is removed and sent to a

glycerin storage tank 30 through switching valves 29a and 29b.

The switching valves 29a and 29b are then closed, and the coarse
recovered oil comprising ester collected in the upper portion is received in
an intermediate tank 32 through switching valves 31a and 31b. The
operation described above is alternately repeated to realize continuous

processing.

As described below, the glycerin collected in the glycerin storage
tank 30 is supplied to a boiler 70 through a double strainer 71 and a pump
72.

The coarse recovered oil is sent again, this time to a second inline

mixer 35 through a strainer 33 and a pump 34.

Pure water 41, diluted sulfuric acid 42, and magnesium 43 are
mixed with a stirrer 44 in a neutralizing cleaning water tank 40 to form
neutralizing cleaning water. The neutralizing cleaning water is made by

mixing 0.02 L of diluted sulfuric acid and 0.25 kg of magnesium to 1 L of
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mxing 0.02 L of diluted sulfuric acid and 0.25 kg of magnesiumto 1 L of
5 - - meee - e e e pure water. The neutralizing cleaning
water is supplied to the second inline mxer 35 at 35 niL/h by a strainer
45 and a fixed quantity supply punp 46, then m xed with the coarse
recovered oil, and the result is alternately sent to a pair of

neutralizi pgrewader.ng wat er separation tanks 37a and 37b through a second
t hree-way switching valve 36. The surface of separation is nonitored

t hrough an operation simlar to that of the glycerin separation, that is,

noni toring the SBpanadiralizidnklkadife ahshed /R BYppTeano e SRiondainlidgui d
| evel gauges 38a_and 38h, water separated_ by precipitation_  and collected
at the bot tH¥haP &t e nd/pyestramandnoand 8 fived qrantity sunply puarr4hi ng

wat er t ank (0, Wiiked WtIR tBE YAl Ifek&gjérﬁa%@n anhitg@ rasults QWn a1y sent
plited to et 1

openi ng-cl osing valve 80 or sup _ an | ac _type evaporator
descri bed belowathpbmgutealiringi deatingwwiatermsepaiationg2anks GTghand Ffeni ng-

cl osing va it.chi val. 39h. - The .neut ral i zi ng

cl ant g wilulEh 4 JEQURLaRHELE A ARG S aRAEa g e Blrtald B RER RIS o

| ower t hanid hmon#utedl hrbngh chaanpegatich esimidapaoatthatt dfarthe Flgceditd 37b at

a position_in the cabinet C .and the neutrali zi | ean] ter separated

in the sepSfRALa&iony, Eﬁ%lSsl?%né g ke ??Wt]f)ﬁtténggé%ﬁéﬂdr gﬁ’ ?’?ﬁﬁe%@%ani ng

wat er t ankoffGpticalilitfrifl a6¥sligahuigpe 388\A1I0BSH, Gy ate} sbYammted dY précipifitidd om | i ne
t he neutralizer is_checked,

53 or 82, reapegltﬁl vel y. Thg concentrati on, of

and when t ABA collgeted; #tathe Rottem partiomds spbar agtwmed; tagtheaneutradizing opened
to return tlR&ni L& ki ' | 4i;

nout ral | 21 oo AapRE Water LA A0°aRlelh LR, Mo holP a hAS oMU AR L o

t he openi ngprenivgidhepingavaleesd0ier spppliddt tv suppickes atsel cyapetagor iGle 82 to

the jacket d&é’cgﬂ)edelyqu&rt@ﬁ@ﬁgﬁ L gravity flow from a line 82 through an opening-
closing valve 81 through switching valves 39a and 39b.

The neutralizing cleaning water tank 40 and the jacket type
evaporator 61 are provided lower than the neutralizing cleaning water
separation tanks 37a and 37b at a position in the cabinet C, and the
neutralizing cleaning water separated in the separation tanks 37a and 37b
flows into the neutralizing cleaning water tank 40 or the jacket type

evaporator 61 by a gravity flow from line 53 or 82, respectively.

The concentration of the neutralizer is checked, and when the
concentration is low, the opening-closing valve 80 is opened to return the
neutralizing cleaning water from the line 53 to the neutralizing cleaning
water tank 40, and when the concentration is high, the opening-closing
valve 81 is opened to supply same from the line 82 to the jacket type

evaporator 61.

The switching valves 39a and 39b are then closed, and the coarse
recovered oil collected at the upper portion is received in a recovered oil
tank 48 through switching valves 47a and 47b.

The recovered oil is supplied from the recovered oil tank 48 to a
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The switching val ves 39a and 39b are then closed, and the coarse recovered
oil collected at the upper portion is received in a recovered oil tank 48
t hrough switching valves 47a and 47b. The recovered oil is supplied from
the recovered oil tank 48 to a 6 third inline mxer 52 through a double
strainer 50 and a punp 51, pure water 54 is supplied froma pure water
tank 55, wibird inhimepmirem&R ahrédgh iasdstlde edriinet H® hndinnpump<sl, pardy neans

of a punp 56, t recover oil and the pur ter 54_are contjnuously
m xed in tﬁveatfeﬁlglirfg sﬁ’ipfzﬂeﬁ%?ma%é’ur‘él‘”f%ﬁeﬁE{?Bﬁﬁéﬁﬂ?rﬁ&h& R)‘&ierwa%erdﬁj-wa_t er
separ at i oni$ atved Téahaniclimébmiter 52 Hetmbhno¥ah puhbl 56! dhar RRovA%dSH t chi ng
val ve 56. Tgﬁcﬁgter is simlarly separated in the oil-water separation

tanks 57a2 Apre; Water 94 gre contingpuslyimiwed i theninlecmizgr Zbeallf’pt i cal
liquid | evtlorSateleSser@atnd padl of gl vidier V%&)%E'a §RAtANE 58Y (8(35'736 tation

and collected at the |lower portion is supplied fromthe line to the

j acket typé&wiehadsheeugh g thing thrgerveas switchipevedlve$659a and 59b. The

swi tching val ves 59a and 59b are then closed, and the recovered oil
collected at the upper portion is supplied to a steam heater 66 through
swi t chi ng val veThe3watardis68milBly aspgeated aneithel oil thetebaicparatich ksnlssippl i ed

to the ste hea 6 and. used to indirectly .heat, .the recovered ojl to
appr oxi mat glrp% %%%Zb’ & SUFRRER DL seRattion &S Prféﬂp‘gﬁbpwg}ae%%&a@ﬂa} tor 74,
t he st eahm level fgaurgestﬁl;&(rj&ﬂdlﬁﬁli, drfil gl@@Wa&bﬁ@epéflﬁgﬁﬂ@lebrWﬁﬁt Qﬂbféadﬂ(pt”h' S
kept within rescrj val ue, and the .recover oil is stored as e

fi lr[:al WIpr ohﬁ@?e‘i%ﬁ‘?égﬁil%&%?r P%WW@.SWWTFﬁér%itﬁéﬁl%@ ﬁ%éhﬁl%f%‘éf f¥Pe s sent
to a burnegydsorabst 6L ERRhghPWitcBRWALEI594 gAY, 1. 1 kag/ cneh is

generated. The waste water separated by the oil-water separation tanks 57a
and 57b as well as the cleaning water fromthe line 82 are supplied to an

jacket type evapppatRicciing S+ER8L | 5o URRA 881 LA {5 H6AN NERLCfnO 1O

recovered oil collected at the upper portion is supplied to a steam heater
66 through switching valves 63a and 63b.

Steam generated in the boiler 70 is supplied to the steam heater 66
and used to indirectly heat the recovered oil to approximately 100° C. The
recovered oil is then supplied to a separator 74, the steam in the recovered
oil is separated, the water concentration is kept within a prescribed value,

and the recovered oil is stored as the final product in a product tank 76.

In the boiler 70, the glycerin is sent to a burner 73 and burned, and

saturated steam of 1.1 kg/cm2h is generated.

The waste water separated by the oil-water separation tanks 57a
and 57b as well as the cleaning water from the line 82 are supplied to an
jacket type evaporator 61, steam is supplied from the steam heater 66 to
the jacket of the evaporator 61, the waste water is heated in the jacket
type evaporator 61, the steam is discharged through a line 75, and the
reduced waste water is discharged to a waste water pot 77, then

discharged outside the device.

The condensed water from the jacket is collected in a water tank 78
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the jracket of the evaporator 61, the waste water is heated in the jacket
type evaporator 61, the steamis discharged through a line 75, and the
reduced waste water is discharged to a waste water pot 77, then discharged
outside the device. The condensed water fromthe jacket is collected in a
water tank 78 7 and cyclically supplied to the boiler 70 using a

condensat e apdmycli€allyAsupislseadt tdtite bbidere70 tubmgtabomdinsats puhgungls t he boil er
70 and houses therein nearly all the apparatuses except for the conveyance
drum 11, the receiving tank 16, the stock supply tank 17, and the fixed

quantity suppl Wspasgritd abeveeERYSALIRE DNSufRudst Pie GleReto Guics
mai ntai ned_at an envi ronnent of 40 to 60 C, the stock does not have to be

heat ed for DOHges ghargin gea &r?dbth‘éaEPﬂ%ﬁ*us%@(@@ﬁef@%ﬂée pervayagcofdrame fir st

inline mxan @ réc'élﬁﬁg thRRU, %ﬁe s &mi]élfﬂs;ngftsnkqeﬁ %Letﬂeh&;ﬁegﬁaggx% %g t5*7“ rd

inline mixers 35 and as wel ar at or “devi ces
are mai nt aSHBBLY pwma FHapd becaf;@etthea@stde ¢faﬂmr<aihllee1n(3>a|srtgamtdlmaeipatr ation

can be car Eheeqlsxzﬁlg)\%ntrr_lexilﬁ.'nofé%](gto §O° et @ﬁé spor rgx)ze%o&enﬁeﬁ%ﬁ [ esent

i nvention i's referred e le is
shown wher ester exobangs nreaccbimklalgl seapaﬂaee hgaaﬁgarfaﬂ&dﬁrsntmhﬁstmtxearEO

glycerin atter, ester e reaction, .{he se rate bei .n

neutral i zel® 4Pt ﬁe%‘f}r‘f%e?‘éﬁif?ﬁwr% ég? PO htgl %‘iﬂ’gﬁn‘%é‘b‘é‘ Hed from

neutral i ze@5vaide52 m@xﬂ@ll ol ﬂ@n@i)dﬁatd} a4 €37, zir[bl Bl frePhaifaied

enbodi nent, ester |s utra[d%zed W|th hydrochloric acid as .a preprocessi ng
S

step bef or & a@nge |‘£q te) 685 e fagprabl %@Plfxl‘ﬁg énd@e&aamowgnelgq ganrieskt er s
then neutpgtized with sulfuric acid and nagnesium and resulted ester is
further cleaned two tines with pure water. The processing steps are as
foll ows: separating waste cooking oil

In Fig. 2, other preferred embodiment of the present invention is

shown.

In the preferred embodiment of Fig. 1, an example is shown wherein
the waste cooking oil being separated into ester and glycerin after ester
exchange reaction, the separated ester being neutralized with sulfuric acid
and magnesium, and the ester separated from neutralized water being
cleaned with pure water. In this preferred embodiment, ester is
neutralized with hydrochloric acid as a preprocessing step before
neutralizing ester with sulfuric acid and magnesium, ester is then
neutralized with sulfuric acid and magnesium, and resulted ester is

further cleaned two times with pure water.

The processing steps are as follows: separating waste cooking oil
100 into ester and glycerin 101 by ester exchange reaction; separating 102
these into ester 103 and glycerin 104; neutralizing ester 103 with
hydrochloric acid 105, then separating 106 into ester 107 and neutralizing
water 108; neutralizing ester 107 with sulfuric acid and magnesium 109,
then separating 110 into ester 111 and neutralizing water 112; cleaning
ester 111 with pure water 113; further cleaning 116 ester 115 which
cleaning water 114 is separated with pure water, and separating cleaning

water 117 to produce recovered oil 118.
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100 i'nto ester and glycerin 101 by ester exchange reaction; separating 102
these into ester 103 and glycerin 104; neutralizing ester 103 with
hydrochl ori ¢ acid 105, then separating 106 into ester 107 and neutralizing
wat er 108; neutralizing ester 107 with sulfuric acid and magnesi um 109,

t hen separating 110 into ester 111 .and neutralizing water 112; cl eaning
ester 111 with pure water 113; further cleaning 116 ester 115 which

cl eani ng wat er i r i 5. pyr rating ¢l.gani ng
water 117 to pro u%%ﬁ?%%gge@ggglom F%Bti %e\ll\ﬁ%i&{ngo %H%eié%géﬁ@%\%hzl%nw I'g. 1 are
used to mi hytwodhdertic alcidea widih of leegnpatibm rthnkaaifdpreaipitatiorofsepapeticat i on
tanks of precipitation separation. type . s used to .separate, .and i.nline

m xers and%sg)epgq’l ?Secd‘ gosé ﬁit‘?’o%“fm&nﬂfie?e% APYL 4t SHPREALOT BREh type
are used t of preeiysitatidh sppaiatital Bipe dre dddsoplehtwigdperdadisent, very pure
recovered oil may be obtained by neutralizing two tines with hydrochloric
acid and magnesium sulfate, and then by cleaning two tines with pure
water. 9 \Wat | gy Qrak nprbfésed lenMoRiRERE SVES, gﬁ‘fbcf'ec%%ré’(‘f%tﬂe xﬁ&fkﬁ&g oi |
for carrying out an ester exchange reactionn of waste cooling oil to
produce gl 98’@%111%1 A cheadralizing iwer Bmesaritbrhydeseldoriosicichgndithagnesiom est er
reaction a a } i il i ! , ing liquid obtained by
t he ester gﬁ@.%hégdﬁgggﬁP%ﬂeaﬁgu%ﬁ%%gﬁggkﬁﬁkih Fﬁg%%%d into a pair of

gl ycerin separation tanks and separated into glycerin and ester, separated
glycerin is burned in a boiler, and heat generated in the boiler is used
for heating the waste cooking oil, for the ester exchange reaction, and
for renoving water in recovered oil conprising ester. 2. The processing
device for waste cooking oil according to claim




1, wherein separated ester is neutralized with nmagnesium sulfate sol ution
to separate ester, ester is cleaned with pure water and separated
therefromto obtain the recovered oil. 3. The processing device for waste
cooking oil according to claim 1, wherein separated ester is neutralized
wi th hydrochloric acid to separate ester, ester is further neutralized
with magnesi um sul fate sol uti oWhat ke@hinated Iest er, and neutral i zed
separated ester is cleaned two tines with pure water to produce the
recovered oil. 4. The processing device for waste cooking oil according to
claim 1, conprisi ngA pmesdsinglevideefini whste doakkse bilrfor @aeryhg@udast e
cooki ng 0|I means. for_,m Xxi ngoqtlhe ste cgokl ng oil in _each of the

recei vi ng e?@f‘ilf?dl gg‘f 6%?@1%‘7}be Vaﬁl;fn & ipxgdusrghiicera pd eateZooki ng

oi |5 a fir stherbidl After Waes cf)@]hn%oﬁll IafNdOAS |e¥terf‘ f@aeaoﬁrhg‘éi&ea[re%mnﬁﬁ agent
corrprl si ng an al cohol such as methanol and a catal é{yt such as caustic
]

soda, Wit haflﬁé ingaixerc pErdentingi layidghtainedshn the eatssiexchange rﬁfﬁélq}hl r of
glycerin fofhhdly AR AlhehNRMiE! o ERLAAIGLORAdNS RARES

I|qU|dfromt I r'st ne m xer er t anereac |on and
separating sem&edaud@ gy geren |amdaeﬁlencmpaeahedcgiymmd i® bhrne:xirm asiailprest er ;

Separ at i on*PHER® Spdff o RGNt Mo BE e B et oot S i ng

neutralizi fig thelestee axichgngatrenctiomt andifog remoeins weiter dnlxieb@sebrs&ldihrl c
acid, and magnesium m xed therein, with the coarse recovered oil separated
in the gl Mgpﬁl% &4Fhtion tanks: a pair of neutralizing cleaning water
separation tanks for separating the cl eani ng coarse recovered oil
alternately introduced fromthe second inline m xer_into cleaning water
and recovered ®&il; AheMIPeLSSHIG Aevise ke washe cooktng o8 werording ito glaime

separ at ed Feﬁﬁgf‘éﬁdsep%éteﬂl %ﬁgll" #gﬁ%\htérQﬁé%g%?}y\g{%qes%%dlfaﬁ@%ﬂéﬁﬁ) aration

tank for ternatel’y® int conbi ne e pure
wat er fronta leepahated ester, ester is cleaned with pure water and separated

therefrom to obtain the recovered oil.

3. The processing device for waste cooking oil according to claim
1, wherein separated ester is neutralized with hydrochloric acid to
separate ester, ester is further neutralized with magnesium sulfate
solution to separate ester, and neutralized separated ester is cleaned two

times with pure water to produce the recovered oil.

4, The processing device for waste cooking oil according to claim
1, comprising: two or more receiving tanks for receiving waste cooking oil;
mixing means for mixing the waste cooking oil in each of the receiving
tanks; a stock supply tank for storing the mixed waste cooking oil; a first
inline mixer for continuously mixing an ester exchange agent comprising
an alcohol such as methanol and a catalyst such as caustic soda, with the
waste cooking oil from the stock supply tank; the pair of glycerin
separation tanks for alternately introducing the processing liquid from the
first inline mixer after the ester exchange reaction and separating
generated glycerin and coarse recovered oil comprising ester; the boiler
using glycerin separated by precipitation in the glycerin separation tanks

as fuel; a second inline mixer for continuously mixing neutralizing
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inline mxer to separate sane into oil and water, and collecting recovered

oil; and a steam heater for introducing the recovered oil separated in the
oi | -water separation tank, and heating sane with steamfromthe boiler to
separate water in the recovered oil. 5. The processing device for waste

cooking oil according to claim 4,.wherein the receiving tank, the stock
suppl y t ankleaniieg f Wrager t contiainihg | piienewnaterer dilusedi tshHuries peid,i vand

separation . are in a bi,net surroundi pg..t he bojler. 6. The
processi ngn]i | gle or m%ﬁi?‘%%‘bk‘?’% @ 005‘58%?8?%’8“%‘8%& sflpr?lra{iﬁde%g?eei n
optical |i ghicgrineseplargéivgaanks;ea paivofdesditicalizing ogé%ﬁﬁgivvatem@paﬁéfticﬁﬂ t?nks
and the neutralizing clegning water separation tanks, . and a surface o
separ at i on%{i‘%kﬁmf?lrt %PB?!Y%V‘% hthptleanity | SRTEF | %We%g‘@g a#ﬁ”%fétﬁ ate
l'iquid intgniRol QWRY frofl theSecdnd ialindRRBIer RAED E18ANnink wals PRO¢ESYeRM devi ce
for waste cf pklt&lg oi.l __according to claim_ 4, wherein the coarse recovered

oi | separ aPBda; thiranling apixer fop santinpenslyt mixagi thensanarated, secoxerad

hydr ochl or | ' LZi g t . Z) \Ng wat er

W ch i's el aens SAEh PRE plet Aok AR DN Af: BBprdilh ERRL TR AELERRINE MO

The processitrgdadngdbefrecoveasd @ilcawaihimgdovithabe qgrutiengates feomithe thirdvher ei n

t he recove We [ In_the. neuttyalizi cl eani wat er separation

tanks is m{rggndeo \b\[nhf(%leg(ﬁ? %5 vvatzég,an%ehlen 0d {)g?gtwe%%f’h%l?(gf:?@%?tm%ﬁ%‘ioﬁe’f‘ﬁp ed

t her ew t h, oBhdndianatdayn hepterafoednthehein®the tdcovered oil separated in the
oil-water separation tank, and heating same with steam from the boiler to

separate water in the recovered oil.

5. The processing device for waste cooking oil according to claim
4, wherein the receiving tank, the stock supply tank, the first to third
inline mixers, and the respective separation tanks are housed in a cabinet

surrounding the boiler.

6. The processing device for waste cooking oil according to claim
4, wherein optical liquid level gauges are provided in the glycerin
separation tanks and the neutralizing cleaning water separation tanks,
and a surface of separation is monitored by the optical liquid level gauges

to separate liquid into a lower portion and an upper portion.

7. The processing device for waste cooking oil according to claim
4, wherein the coarse recovered oil separated in the glycerin separation
tanks is neutralized with hydrochloric acid before neutralizing with the
neutralizing cleaning water which is a mixture of pure water, diluted

sulfuric acid and magnesium.

8. The processing device for waste cooking oil according to claim
4, wherein the recovered oil separated in the neutralizing cleaning water
separation tanks is mixed with pure water, then separated therefrom,

again mixed therewith, and finally separated therefrom.
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