g09%\ P MPROVEMENTS | N AND RELATI NG TO THE PROCESI NG OF MATERI ALS. This ¢
bf bn el ates to the extraction -of usef yl com pounds Tronlnatzr' I ﬁf a

Jl e origin and has been devised partjellarly through not sol IQIGtﬁ)JQO
provide-an i nproved extract- ion nethod and apparatus for the recovery of
these useful 5. _eonpounds,. Thus  the inventign abes _to |jquid-solid
extraction, t he Soriidth Nt 217 ‘
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o as descr; BETAAAGH WIS e RER UGS W MINGHL G oF GbpREabTsTRIGAS.
184076, possibly y&ad fsnd faaﬁsg &agﬁn Rickpdiiidd | 10avel bBbANbxtrakitad from

medi ums. Typically, prior art -solid extraction of the type to which
this inventi gatediieof WeddeableMiriigit 2dh & WihBduRds’ BBLNngY teed@ Aased .
on either imersion or percolation, 25 wherein sone degree of separation

bet ween |i qubdvaithded i sdHéeo£es! AlkES meldicd il VESP ekagpiesOTheagenetal
solid phase can be passed in the opposite or counter current direction to

t he 10.principal which has been commonly used to extract these useful

| compounds is to contact a suitable solvent and the vegetable

material and after a préscribed time, to separate this mixture
into a solute-ladeﬁ solvent phase congaining'the useful compound
or compounds and a substantially solid phase, being the spent

15.vegetable material from which some fo the compounds have been
removed. The useful compounds are'offen concentrated or
removed altogether from the solvent phase by evaporation such
as spray drying and the spent vegetable material is either
discarded, or as described and claimed in New 2Zealand patent

20-specification No. 184076, possibly used as a base for the pre-
paration of plant growing mediums.

Typically, priof art liquid-solid extraction of the type
to which this invention relates involves a multi~-stage counter
current system based on.either immersion or percolation,

25.ywherein some dégree of separation between liquid and solid
phases takes place between stages so that the solid phase can

be passed in the opposite or counter current direction to the



li qui d phase. An advantage of the counter. current extraction systemis that*(gg
t'hé solid vegetablle material after passing t hrough the systemis washed by U
mew 'sdl vent entering the systemso 5. that little of the useful extract is

| osi, -the same sol vent beconing richer jn usef ul conmpound content or. solute
dantil it -finally energes at greatest 32xength at the vessel or cell where
neviwgol i d vegetable material is introduced. Presses or centrifugal phase
separaif¥éP e% tinmes used to separate 10. the solid phase and the

i quid y far the nost common net hod enployed is.to arrange

vessel s or C%Saaoahlea&et BE lkheUicouditase diifrditt (eketactionugpsten solid

vegetabl e material in each, to be introduced at the top of the next vessel-
or. cel lig ortpaiei th@cs6DLa! Pegltable madididalftir tpesdiny ctietatgh

material. - Usual |l y, although not essentially, the vessels or- cells nove so
that ewaid ud verwaid washeasbg akwt solvent fentaninat tise viys tempeot
vegetable material is discarded and the enpty vessel or cell is filled with -

newsvegdisb| kivelerofil the agefulr extatact dyscllaspatthe hs areg hs o hve i€ :
system For a given size of apparatus production is linmited by the rate of.
percohhecomxﬂgtt&nborvéntusbfudgnompeumdjaﬁntanﬁnomﬂsnlm&eruatimhlch in
turn.is in-.conflict with efficient recovery of useful conpounds froma -
gi ven duarfinally emerges| stngreatest idxrength At \hetvessehwotreallhas to
be commi nuted, 25. with finer Eartlcles providing the greatest yields as
shown fvdremmw esolidrvedetabler materied] dal introducedciPressesnoxro..

179933, but finer particles al'so giving | esser percolatlon rates. A

conpr orﬁeﬁ,ﬂfﬁeﬁ-‘gﬂ- tﬂ‘@%ﬁcﬁéﬂ%&Pé’spﬁ@oWW dised to separate

10. the solid phase and the liquid phase, but by far the
'most common method employed is to arrange vessels or cells so -
‘that the liquid phase can percolate through the solid vegetable .
material in each, to be introduced at the top of the next |
vessei or cell to again_percolate.through another hed of the'
llS.vegetable material. Usualiy,'although not essentially, the_f
vessels or cells moue so that eventually each reaches a
station on the apparatus where spent vegetable material.is
discarded and the empty vessel or cell is filled with new
.Vegetable.material to again repeat a cyclic path through the
20. system. " For a given size of apparatus production is limited
by the rate of percolation of the solvent through the bed of.
vegetable material which 1n turn is 1n conflict w1th efficient
recovery of useful compounds from a given quantity of vegetable _
material, because the vegetable.matexial ‘has to be comminuted,
_25;with finer particles providing the.gfeatest yields as shown for
" example, in Fiéure 2 of New.zealand patent specification No._.
179933, but finer particles also giving lesser percolation

rates,- A conprOmise'has'to be reachediwhere'pefcoiation.rate



| yield are balanced to the extent that an adequate producti ON-rate cgn
“/mai nt.ai ned while a proportion -of the useful conpound.is often discarded,
Bel’ng still .contained in t he spent vegetqgie material. Si.nce'the several_
vessérs or cells. used are 'serially 5. conhected to use the counter -current .
EXtractlon systen1the f1 ow of sol vent through each and. every vessel is =~

db | at t d f t ate of filling wt
Jompound M ST See hlahged 72 @&éé&é’é&e abeRhadegupte; %gegvctw
ch d t t abl e terla IS also ned b e | 0.percol ati on
Fateof | HAbRGER Vﬁ?e matgipeeea 112 B FrIRELISH, OF HhS naethl” Sohpctina
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and v e G sé)écoén‘gf"? P thle; LBliTer) Kus e UudabPloR hyRHAN S Fibm

- Gpparal us 4 S Rhe RKOEER, an A by NUSRd? 1€ Gb08EnaRch: E% ¢ fhe .

beds of VegaladlfiBH oFael afd eXaFRIFSLY thd at‘:‘é'off“ﬂllihggf:.th cohngound..f

1iquid-solid extractor enmploying .a plurality of vessels-or c

Rotocel |, c¥ntditiind@chvént)NBE" thk YRRV Wr USeTD WHECR HBs"Yubic- hab@;ge

counter current principle, some of which have noving vessels or~cells, . and
ot hers of cwandedlawmtﬁéw omgetmieehat@rrisﬂ |58 V&Ié’b %Wéﬁﬁeaeaﬁr eheon -

nmeans t her ebetween.
lO.percolation rate of- the vegetable material beds in each vessel-ﬁ
or cell and the_process is’ again llmlted by the percolation_
rate. B
. 'New Zealand'patent specificationeﬁoa lBlle:discloses' '
a method whereby product1v1ty can be 1ncreased by f;llzng |
_ 15.extract10n vessels wrth compound contaznlng solvent as well as:_
__new vegetable_mater;al before introduczng them to the
extraction_line'with-the_ohjective of reducinc.the limitationsa
imposed by. the percolatlon rate, and whlle th;s constltutes : _
an 1mprovement in the operatlon of the prior art apparatus to whld
20.New Zealand patent No. 181512 relates, operation of the | '
~ apparatus 1s stlll lim;ted by the percolatzon rate of solvent thro
the beds of vegetahle materlal. | ' :
| An example of a tpyical multi-stage llquld-solid extractor'h
employlng a plurallty of vessels or cells is the Rotocell,
25.there ‘being a number of apparatus using the same multi-
stage counter current prxnciple, some . of whzch have mov;ng
vessels or cells, and others of wh;ch have statlonary vessels

or_cells with a_phase separatlon_means therebetween.



4 (losety related to the Rotocell is the prior art endless belt extractor
Whifch uses ‘the sare principle of operation, the percolation rate

determ ning the beIt speed- and anount of- ‘drainage area required, ‘which in
turn limts the 5. mnihum nean particlg.size which can be accepted. An
exanple of ‘a typical endless belt extractor is the De Smet extractor
wheéxein a solids feed forms a bed on the belt, the bed being subsequentlye

‘sprayed wi th gglg va%lép | btk Ee Nt S en@eREEhBRET 1A WHEh dritb ekt tenaless

acconpl i sh -extracti I'n 10 common wth the Rotocell, the De Snet

extract %&Wﬁﬁ&&ed«mhuséstmécahﬂ P:&%&gw dmroq;efww&b and it

can be seen that a low percolation rate would require the use of

prohi bi ke géﬂc'a FOID ¥ 2 &/Sdé Se PRERYL AgS thii bedt! spled ngE Alivent 0 be
provi ded. The conflict between percolation rate and yield stil

r emai ns oo \@ednage e | régiybPédgewR £8ROL nbeulrak Ainditsprdrent of . the fact
t hat -greater 'yields can be obtai ned when the vegetable nmaterial exi sts. as

snal § er mi @ mund @aeaanpfamticla sibze Whichncanpbevadcspiteal arkh appar at us
20.suitable for extracting useful conpounds fromfinely divided vegetable
mat er i alexahniplies o alygrical emdlessiseltvertractor dsothes De rSwébd for
extracting useful conpounds fron1vegetab|e’nater|a{ 25. It is a
f urt her exitiracttosf wherein a adlids nfeedi forms pr bediom the hallt,
for extracting useful- conpounds from vegetable material, which overcones or
r educes thenbedi bedagiisubaaquently gpragadcwitht nqmemt alritqchiﬂ hibch or -
‘whi ch at .1 east provides the public with a
percolates through the bed to accomplish extraction. In
10 common wzth the Rotocell, the De Smet extractor employs '
‘a bed which is typxcally 1 metre or more in depth, and it
can be seen that a-lcw'percolaticn’rate would require the use
- of prohibitively large apparatus to enable sufficient |
dralnage area to be prOV1ded..
5. = The conflict between percolation rate and yzeld still
remalns however, and full advantage cannot be taken at
present of the fact that greater yields can be obtained when
the-vegetable material exists as smaller particles.
There is a need for an 1mprOVed method and apparatus
20.su1tab1e for extractlng useful compcunds from finely dlvided
vegetable mater1a1 '
It is an object of'eae-aepoct-cf this invention to
. provide a method aad#es—appasa:aa—for extract;ng useful
-compounds from vegetable material. | ' _
25. It is a further cbject of eae—acpect—eﬁ this invention to
prcv1de a method andﬁen—appasahuc fcr extractzng useful
‘compounds from vegetable mate:;al, which overcomes or

reduces some of the difficulties experienced'with prior art

methods, or which at least provides the public with a



~ugeful choice. * ' Ot her obj ects and/ or advantages of various forns of
3y% e invention, will become apparent fromthe fol l ow ng description. 5 .
¢cording to one aspect of this invention, there is provi ded'a method of '
extracting usef ul conpounds from vege- table matter, (as herein defined),-:

said nmethod including the steps of: (1) pgeparing a mixture of the . ~
veget abl e mat el choice. and at |east one solvent; (2) all owi ng said »r

m xture to reside In at Ieast one vessel for a substantlally predetern1ned R

time; (3) thereaft aptirnssh fe¢ta0anlgosi sdvanthyes o akious forms If
-l east one vessel to a screen so that.a mat or cake is-forned on.said

screen, wher eh;hé himvenvibomh, plbtE Bepemet apparentt Ifeom@Ieatﬂo&lrdm&e; by . .
passing through said screen; (4).recovering the solvent phase and obtaining"
20 - tﬁdésdrxptmmmnds extracted fromthe vegetable matter as a
filtrate fromsaid screen. The term-"vegetabl e matter" .as herein used

t hroughout & he spedietarding t@doneanapert pfr @hﬂsdéﬂ‘?#@d:m'cmnesmﬂg
particles of vegetable matter;- of such a 25 -size as to pernit.a solvent to
pass through PTaNided cakeethod pf %Faae#éagbesﬁéuénsomq@%umm Hege~

rate of | ess than 50 litres - er square i, met.er per,
table matter, as hgrein ge%;ned), gamd method lncludlng

the steps of- _ - )
a (L preparlng a mlxture of the vegetable matter
0 h'rand at least one solvent, |
.(2)_allow1ng sald mlxture to re51de in at least
one vessel for a substantlally predetermlned
 time; -
(E)Ithereafter transferriné the mixture from said o
15 | ' at least one vessel to a screen so that a
mat or cake is formed on sald screen, whereby
the solvent phase separates_from the vegetable
phase by:paSSihg through said screen;
(4) recovering the soirent phase and'obtaining
20 ' " useful compounds'extracted-from the vegetahle
. matter as a filtrate from'said'screen.;
Thehterm "Vegetable mattexr" as:herein-uSed
. throughout the spec1f1cat10n and clalms,ls herein deflned _
as comprlslng partlcles of vegetable matter, of such a.
25 s;ze as to permlt;a solvent to pass through a_mat or cake-ofﬁh
said-partioies'being;one metre thick, at a rate of less-thanél

50 litres per square-decimeter-per hour.



" This. inventi.on whi ch incl udeS t he foregm ng wi |l now be descrl bed by vvay

" of. ex&nple with reference to t he acconpany-' ing.draw ngs, wherein:
F‘|gure | i is a-graph, show ng the rel atlonshl p between vegetabl e rraterl aI
.-'diffusivity and particle size. Fi gurg. 2: is a graph show ng.the

rel atlonshlp of cof fee bean diffusivity and particle size. Fi gure 3 i'

“furth rorey ;.@Ary

: F:{E)’ur:r4gr| s a d%%ﬁaﬁﬁ%\%ﬂngﬂg?%éeébam C formé)?ﬁnet an %
appar a tien CQM R f w -
rrgltot Iartdlé;sé’gcoéggn?é if 6?h§gﬂ i%m 1 on. %ﬁ%g 501 g@%t %gt alle ,&
di agrarﬁ,{é i‘hﬁ &% a JEFEFA s and apparatus according to one formof the

“invention. | gure i's a graph shovm ng the process using pi nus radi ata

ercol atTon™ of sul'tabl e sol vent thr

bark by megiue AU Y SoRRBh SRAUARY $NOTUTANI IR oT 2l using a

process ba h particul ate

‘vegetable material, thg tﬁ@éﬂ'v&??ﬂﬁ?l@ metEsiant B&%ﬁ&i@i%yt he sol vent

phase to be further treated usua

of the sol vent fromtf%al%;g{:ieggpgg_w Often the solvent is vvat er or
water to V\/mch chenical's ihtended.to aid extraction o

Figure 2¢ is a graph show:l.ng the relationship of

_ coffee bean diffusivity and particle size.

. Pigure 3: is a further graph showing extraction
- rate with tea using hot water solvent.

Pigure ‘4 is - a diagraimnatio drawi'ng- of one basic

form of method and apparatus for the
extraotion and :eco\'(ery' of compounds from

" vegetable matter in accondano'e with. this
invent:.on. .

- Figure -5. is a detailed block diagramat:.c

view of a prooess and apparatus :

according to one form of the invention.

- Figure 6: is a graph showing the proeess' using
. pinus :'radiata barlé. | |

- ‘Many useful compounds are recovered £rom vegetable

_ material using a. process based upon percolation of a suitable o

solvent through particulate 'vegetable material, the useful |
. compounds being extracted into the solvent phase to be further |
treated usually by evaporation to separate most or all of the
solvent from the useful ccunpounds. Often the solvent is |

"water or. water to which chemicals intenaed to aid extraction

-—an

evaporation to separate nost or all-



et i nes the solvents are recovered froma condensation stage during ;.
ghcentration by evaporation, to be,re{e used. .5. - Exanpl es. only of i
éget abl e materi‘als from which usefulé conpounds may be extracted accor di ng

tothis anentlon include | eaf, ‘bark, root, seed and bl ossom for. exanpl e, ; ,R

t he conpound n din, rod cts . suc S bever,ages ceuti cal _zti p

product 8aV&d e%qdéj%‘gl%s" BEe u&ﬁﬂ'f?ié"?‘ﬁwé& sg{]ven traction of"

coffee -and tea for t ture ant cof.fee and t ea - aF
colfee 304 A Cladde TERMEFhALoRl bATVANeS UG A o i g o
e v onerb R AIY OEHE SARFEnR FORRLTRT BRI sy aoARElSng Shuey (¢

naterlal rom._b prefer to add suitable stabi | i zi ng conpounds .and/ or

sui.t abl (5% ;Fr ?& %{ré%%\lerrpounds to the water ‘as disclosed in New Zealand. =~

pag ent specrfw Noon E%eggﬂaﬁﬁe%%%%r%?%ﬁfq’ﬁfcflHé‘éfﬁi The

- Water is ty t elev

exanpl egg ﬁlbﬁlﬁrﬂ B nf té}?ti!gaééébhﬁe”eghba'td w'ﬁasflﬁﬂe rac | on ‘\%Aewl ] e

.extraction others It IS pre to execute t

the veggpalkt,epERis' 'ﬁiot S dded. §H§SE?8sséh| Yol WBianplE] () coiiBbuhds

whi l.e - -sap or natura nolsture is sti present, .I'n the vegeta e mtter,

and 25. belfgeusld iR igFddhcts @ucﬂe&soﬁeﬁré&%%e@,mpﬁaﬁiﬁcéﬁtidﬂaio”e ot her :
condition can be processed usi ng' the nethod and apparatus of th| s. .

_inventi gpodficts, adhes:.ves, spices, dyes .and fragrances. __

s Bt o

!Eive been added or introduced al t hough other solvents. .are al so used (]
O

PN TP

10. S Extractron of coffee and tea for the manufacture of
instant coffee and tea, and extraction of polyphenolic
materials from bark.for the-manufacture of adhesives or '
tanning_agents'are particular-exanples.- in'thesefekampies
Water may he used'as a solvent,'and'inzthe.extraction-of

15.' polyphenolic materials from bark we prefer to add suitable

'stahilizing compounds and/or surtable extractant compounds

to the water as disclosed ;n‘New Zealand patent specification
No. 179933, and as further described hereinafter. The - |
water is'typically?used at elevated.temperature.

20. ~ In some exampies-such as coffee the vegetabie'material |

| 'is-roasted prior to extraction uhile_in otherS.it;is preferred : fh;
to execute the'extraction_while_the_regetabie;material'is in* )

' a substantially green.condition,lthat is, while sap or;naturai']'
moisture is.stiil present,.fn the vegetable matter, and |

25.' vegetable material'in either of these conditions or in
some other condrtron can be processed us1ng the method and

apparatus of this 1nventz.on.



Wi le infprior art Carrousel” extractors the yields depend to sone extent on.
t he nunber .of extraction steps or- stages the nost'significant single factor

when extraction conditions are optims becones the particle size or.

degree 5. of.refinenment of the vegetabl® material. Qur experience has shomngf

that{t he nmini mum percol ation rate through.the bed which can be tolerated
for €conom c reasons governs the particle size or degree or.refinenent
whi ch can be wWhiket &6 byipr artaCaprivsels extrapporat theapdellat when the
10. mi ni num'percol ation rate is reached the particles.are still too large.

(r ef i ni ngependntof Bomeceaxtent bmk&Hhﬂduﬁhh@uuimpxﬁtacttohnstepsedryields_g

and increased extraction rates which can result froma greater degree of

r ef i'ni ngstages sthesmdstnslignifdoantd single factdy xelsen (éxynaetionf t he
speci fication). 15. because such refining reduces the percolation rate to a
gener al | gonddtionsasre tptimised beicomes hiheh particlereiizecorndegrepri or
art, as "fines plugging" is often experienced and it is commonly recogni sed

that- Briof . xefinemenrtt 9f thguvegeirabdedMakarial ¢ Pur sexperianad particle .

size related to the 20;€§rcolatjon rate, with the mninmmof fine particles

known -t hasgkown  thakgthe Biadmume perioelation ate | thsoweh hthepbed found

necessary fo screen out_ the fine particles to avoid fines pluggi ng which of

course nEuehFan Be tolerated Spr: peonpomuc HeaseRe gaverasEheck is -
T L e e
L1 oo LA LU o8 BehBkabl 1 Sl ShlBE A el S RS
“hiCGﬂ%ﬂfﬂf%ﬁhtﬁbfggigéigﬂ Pg¥§ ESGQeQG%S§‘the particles are still too
| ~ large (:efining‘ié.insufficient) to take full aﬁvantagé,of.the
increased fiélds and-inc:eésed'éktractidn rates which can
'.resuit'from a greéter degree bf'refining.és.diSclosed in New
Zeaiand_pateng No.'179933'(Figure 2 of the specifiéatioh)_'
~ 15.because such refining'reduces'the'percolatign rate to a
generally unacceptablé level. A related prbblem referred to
in the ptior art, as "fiﬁes_plugging" is.often experienced
and it is commonly recognised that prior art apparatus-réquire
é'feedstock_ofgconsistent--mean particle-siée related to ﬁhe_
20.percolation rate, with the minimum of fine particles known
. tb';aﬁse plugging or blockage. - In some bperatibnsgit hés
been fouhd'neéessary to screen out the fine particles to-avoid _
finesgplugging which:of course means that a proportioﬁ of the
‘vegetable material feedstock is wastefully discarded. B
25. .tiQuidPSOIid-extractiOn as it relates to this invention depQJ
ends mainly ﬁpon.diffusional.mechanisms whereby material is
diffused from the intefibr of a relatively solid parﬁigle;_and
-_wé_hafé found ﬁhat_thé §até of extracﬁion depends considéfably

-'upon the extent to which barriers to aiffhsion have been broken



,by nmechant cal neans. ThUs the diffusional nechani.sms. which occyr-

y rel'ate to extraction rate and yield, and. espeC|aIIy wth respect to .
y s.invention can be 5 sinply- descrlbed°fn terns of the vegetable rraterlal
© drff- usivity and the vegetable material .thickness, that is, the partlcle

- size. The effect of vegetable matérial diffusivity and partlcle size is: 5_}
clearly ildown 5y fleéhahigalemeansd T githe 181 ffusidnalr mechardams for
_Figure 1, .Pinus radiata bark was comrinuted after renoval froma freshly
—~felled t r&&lid[‘ha:canm durtrgbddquiat-so ki cextr actiloncofevegetable mative

~fractions which were then each extracted with water-at.90 C for a period of e

30 nintes.etiakarespeciallyywhere fthey relate 160 lexhractionr rade land -
practical probl'ens of apparatus operation there i's an advantage in reduced.
particle yimldo énd espendalilyl withd respect tatthisi dnveptionc camde and
hence {he econonics of producing such extracts can be:affected.” Now .
consi deri reinpky pd%!%@rtg edpisptermaoiofthe %ﬁgeh#p&eaﬂﬁtre!éadpéiﬁﬂ't)ns
however we find that whereas Figure 1 clearly show a that there are -
advant ageﬁlﬂiﬂfﬂiu%@ Bae: vegetable matenial hicknens,athatadiy the
‘bel ow 50 litres quare decinetre per hour before the advant age can be-
used. A[MBQE#%Ef B+%8e of 140 to 50I|tres per square deC|netre per. hour-

{he Rotocel | ot %ﬁegﬁeﬁf‘&stg%(ie prkin s PEbe mfi 3&%&?‘)&5 o)

DL ST Gl R LT BTG, T

- for exﬁﬁp' € o p:epare data- for Figure 1, Pinus radiata bark was

' cominuted after removal from a freshly felled tree. The
- comminuted bark was sieved to produce mean particle size _
' fractions which were ‘then each extracted with water at 90 c

for a period of 30 mintes. It can be clearly seen , from Pigurel__"

15. 1 that ignoring the _.praoti_ca-l problems of _apparatus_ ope_rati_on |

“there is an 'adv'antage in reduced particle size so far as the "_, -
yield and rate of extraction is concerned, and hence the
'economcs of producing ‘such extracts can be. affected.

Now. considering the practical problems of prior art apparatus

29 . operations however we f:.nd that whereas Figure 1 clearly show s_'l-

that there are advantages in reduced particle size. the pexr~

.colation rate falls well below 50 litres per square decimetre

per hour before the -advantage can be used. . A percolation rate -_:j

of 40 to 50 litres per square decimetre per hour is cons:.d-
25. ered to be near the lower limit for prior art extractors

of the Rotocell or the De Smet. type for example. This

invention enables percolation rates of less than 50 litres ’

_per square decimetre per i metre deep- of bed, _per hour to .

be used, 10 1itres per square decimetre per hour for example o

mili ng- | i qui d-solid.extraction of vegetable mat- erial, especially where .

S

i Figne oy b e vt

Rl .
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belng pérfectly satisfactory. hbm1referr|ng to Figure 2 herein a d|fferent
aspect of the intefaction between d|ffu5|V|ty and veget abl e mat er.i al
particle size is shown. To. prepare Fjgure 2, we have taken 5. commerci a
roast ed coffee ground to an acceptable percolatlon rate for use in ‘prior

of tvhe ( fSIdenC

eived, while a second portlon of. the sane
cof f ee wBS Bg| PBE SFEE; §a%d ﬁgF

1neness whi ch had an unacceptably 10.

¢

aft -extractors. A portlon of this coffee was extracted for various perlods_

L ype. appat ot (oW FREpRFLAaLER) Fimish oF WP &' alPRREAE’ aBpRoERRI

EELQE"ZSfa‘ 1gFera ﬁiﬁﬁzgeﬁeﬁéﬁ #@%ﬁ%%& %w%gaé%g“éés@eﬁ WZ?FE' '
resu F¢ s .
éxfraﬁf A T SR ¢ appr?é.at%a F8 pERe RRRRY"RE |
Foas ?n'gégﬂi%%%??ﬁ%%gééﬁ%éé; %ﬁfﬁ %fﬁ  AEOrpERFE pHREbIatEn
materi al rote OkYPMugb! LHSPEIbY ; w&eﬁ ol soﬁéfﬂaarrakemﬂhf Eogireedl

mechani s depend upon t e particle size

of the dphd . @kErabeel. £3RCvARbUE Deritiisicp €Hié" (FO9EaéHEe PRLRA) Alan0n

rate which in turn-defines t'he opefational 25. constrains of- prior art
extract OféceWédbfﬁﬁslenﬁesb%oﬁdgpb&t&on toﬁaﬂié)esmncéﬁﬂéet#ﬂﬁe factors

are of considerable inportance when the productivity and econonics of
Operatln&eliberately ground to a finenees which had an unacceptably
10. low. percolation rate with respect to operation of the prior
art Carrousel type apparatus, and this second portion also
was extracted for various periods-of timef The results are
shown in Figure 2. '_ | | ._- .
In Figure 2. the results shownas cc refer to the roasted
15. and ground coffee as received.while the results shown as. |
FC refer to the second portion of coffee which was extracted
after.fine grinding. ‘It must be appreciated that Figure 2,is
a‘generalisation only since there are varieties of coffee
| _and'degrees of roasting. Nevertheless, Eigure.z clearly
. 20. shows that for a vegetaole material ofpgiren-diffusivity--'
 the particular coffee'sample,'diffusional mechanisms depend
upon the particle size;wnich'of course defines the length'-
dof‘the diffusionlpath. ‘The particle size also determines
‘the percolation rate which in turn- defines ‘the operational
.-25. constrains of prior art extractors. With reference to Pigure
2, it can be seen that these factors.are of considerable

importance when the“productivity and economics of operating'-

of* course defines the | ength



-extractlon nmet hods and apparatus are considered as the yield of extract
f Jhomthe coarse coffee after extraction for 120 minutes is sinmilar to that*
o-talned after extraction of the tlnp,coffee for only 10. m nutes, and the :
eld fromfine coffee after extraction for 60 mmnutes is greater t han that 3

of theaGodast ¢RbR ﬂarsﬁaﬁa&e’ 20 Sbiglaared dd b yReR!

" for prlor art ext ractors to-re e.a residence tinme of 120 m nut

presen é@#&f‘ £86/' the %Aammﬁam WESE oW £68 SOl i d '5

any ma er| vegetabl e origin, ther such nmaterial 1s extracted while -

in a f§e8NmMnutes 508 iy €5 thatcobtaliedbaied extraétioncd after

‘suitable pre-.treatnment which inthe case of coffee for exanple constitutes-

roasti gg ehe! T 4@ E68reA Tor Gifly L0UnitintedPChnal the (FFeld’ Fhofk her ei n '_'

apply to nost vegetable material feedstocks mhlch can be éxtracted .

accor dggpfiat @ofifen | AFEBY @ktridtioAhfo 60 eeLisiesl s {shgraatanct ed

—-invol ve ‘mechani snms which are par- tially diffusion and partially washing

from t fRahcLHAO GE Sthe Codrsed cofLas! atter emaabtemw*mofeedstock_ '_ |

“whi ch” when extracted involves mechani sms- whi.ch are partially diffusiona

and papihates \edht "bsi Acteanudwslk cforaprdick nire celiteactcr® to

Encycl opedi a .of Chemi cal .Technol ogy Vol une. 9, page 735 the extraction of

tea i sreqades wdyddententimi OOUYR0mimites hat The priddenton paths are
short as well, whether the tea leaf is.fine ground or not. CQur experlnents

wit-h fimenedoepafehoesumo Udadidesoldd extrdetionuvherdinnthe Figure 3
herein which show that there is-little. advantage in fine grinding tea

'Ieaflsomfdllsbemyunatériha of vegetable origin, whether such

material is extracted while in a fresh or green condition,'
.or wherein such material is extracted after suitable pre- | o
'treatment whidx in the case of coffee for example constitutes
roasting of the coffee beans The diffusional mechanisms des-
cribed herein apply to most vegetable material feedstocks which
'. can be extracted according to this invention, although some
feedstocks when extracted involve mechanisms which are par-"
tially diffusion and partially washing from the feedstock sur- e
face. An example of a vegetable material feedstock which '
when extracted inwolves mechanisms which are partialLy o
diffusional and partially washing is tea. Indeed, according
to Kirk-Othmer, Encyclopedia of Chemical Technology Volume '
9, page 735 the extraction of tea is predominantly washing,
ialthough.we.nqte that the diffusion paths are short“as well.
whether the tea leaf is fine ground'or not. Our experinentsu=
l with fine and coarse ground tea have produced the results |
shown in Figure 3 herein which show that there is little
advantage in fine_grinding_tea leaf,probably_becacse of the :




E———"——

rel.ationship of the thin leaf-with its short diffusion paths to-.our ")
expl anation of di f'fusi onal nechani sns-and to the washing explanation given /
by Kirk-OQhmer. Figure 3 shows that the extraction rate with tea using hot “~~
wat er solvent 5. is rapid whether finggr coarse tea is the feedstock, and

i's virtually conplete after a residence time of about: 10 m nutes.

Reshdence tine is the term-used in the art for the contact tine between

sol vent. zedatiensbdg «ff thmtthinl leaawithkits| shorgndiiffuaion o us that- _
the small discrepancy 10. in yield shown in Figure 3.between the finely .
ground t pathPTtoaeun iexplanation ef rdiffysional) meghapdsagpiandhP itheerns -
of fines suspension_in the FT solute as, it has been found difficult to .
conpl et ewpshing explanakion rghver ¥ KbakzQthperFdgure,«:i8hows | ¢ rati on

techni ques are resorted to, to 15. :Lermve al | ;18% i‘g’%r col.l oi dal, suspension -

t her ef r oéhati §hee eXxtHachion JFRLR WibR Bearys ’Jﬂlt&w}‘f_ .
di f fusi th i , ; di ngl h ) t t - th t '
1L S i A S

¥ . ‘not i | ' . | 3 is
Sl 1. ThE .Xgﬁ‘!&ﬁéaaé! ﬁ?"ﬁ’&“g*a‘? rfb_%t%' th B 8‘8,’?‘_"@0 ge P&? CHpIT i s much
The [ BtARSRS AN ReR Laste il e Fs, E8km Upd 4 RS, Y SHTNE O
' t abl [ 5 : ' | ] afil [ d
i oo anfpBuagk, Bimel petuddh Alatfeds *iRa| chE! bebeEablet witenii | 1CT 002

: el on I Liod ° nere

abpar at uEeAIEEPEKT0 Tk YberiElaty {0 Ge PR L8 bRl MiRTeppRy
vessef, .%ﬂ'?iéﬁlht_aﬂbﬁ'vn in Figure 3 between the finely,grpur_xd_ff.ea B

(FT) and the tea leéf.as received (CT) can be explained.in
termé.of fines su;ﬁension iﬁ.the FT solute as it has been found
:difficultifb éompletely free the solﬁte frpm suspended solids
uniess-spedial.filtratioﬁ techniques are'resbrted to, ton. |
‘15. remove all of the colloidal suspenéion therefrom.
Figure 3 clearly shows that diffuéion'is rapid when the
- diffusion path is.short, and accordingly, the results suppor£
ﬁhe advantaée to bé gained from using vegetable material |
feedstocks in the fdrm of small particles, notwithstanding thét
\-ffzo;the;édvantége to be géined with tea is small. The advantage
" to be gained with bark or coffée_fdr.exémple is much greater
than that to bé gained with tea. L | |
For the efficient éerfofmance of this invention and in
particular 'Eo enablé ad_vant_agé to be _tak_e_h of 'v.e_geta'ble _maéeriél
| 25. of relatively small particle size énd-ﬁhe inéreésgd yield
| and/or increased rate'of:extraqtign_resultipg_from the use
thereof, apparatus accérdipg to an. aspect of this ihveqtioh
" is provided. Said apparatus accé:dipg to an aspecﬁ of this -

invention consists in at least one vessel and a suitable



2en of an endless or contlnuous | oop type associ ated theremnth exanpl es

scr

of 'S ¢ suitable screen being a circular table or a disc type, a C|rcular- .

dk 1ype and an endl ess belt type. Coact i with said suitable screen, a
tality of S. receiving chanbers are. pré ded’, said receiving chanbers*'

MNing phase separation stations on the sui tabl e screen. The ‘versatile
apparatus, by the connection of adequate piping may be operated w.th-

count er - Cur rgte i SOE Nan cehd bes s coracontimous koopstypel asaocibtedane

time enabling controlled 10 contact between sol vent and vegetable materi al

for a pre- aterdwiith psexamplesi of, spdd aniitibile t$ereenibeingr aocimenlar

‘problems resulting frominadequate percolation rates. In operation of

‘appar at us - acriski ror ta disastype,oa circulazdiwn type agndoansendiess

sol vent and vegetable material 15 is initiated within said at |east one

vessel by tbeXtortype orCoactinguwighwmadd enidable sseteen: i al PRUpRIStY OF

~ through a vessel 'to be discharged at an'end thereof and deposited in the

~ form of &.mneceicwing @RﬂﬂhﬂrEh§r§upF§ML§Q§x£%§#¥ﬁl€ﬂ°ﬁ%Vb§9tShFP§ﬁ§Hort

" the mat cake or bed causihg it movenent, 20 of ‘the screen_to +pass in -
sequence ovdefining @h@%ﬁeﬁﬂﬁgﬁi§§p§%iﬂj‘%t%|% sRitaRlepgoreed-vi ng

chanbers on the other de of the screen After passing gver, all the ase

separating Fha %gaPP§H§BBFPeHYb§hﬁM9Qﬂﬂé§$£ geﬁgquFFﬁePi

intermttent or _continuous mat ¢ eor bed is di harged 25. f,rom.t
screen, bei MY %W%&?ﬁ%s‘l’gghofm% a‘%ﬁ’r SXETASHIOM ed

DB T e 1 LR o B g GhBriERs SOREECATHE
bed'hay_asgcontact between;solvent and-vegetabie material for'a pree -
selectediresidence time)“yet_avoiding the serious:prior art -
' problems "res_ultd.ng £rom 'inadeq'uate- percolation rates. _
| '.in'operation of'apparatus according to an.aspect*of;this
invention contact of suitabie-soivent and vegetable naterialf
15.ig in;tiated wzth;n said at least one vessel by the formation
~ of a slurry whrch moves in substantzally plug flow through
a vessel to be discharged at an end thereof-and deposited in the :
form of a mat'cake'or_bed on the suitable screen which moves-- :
to_transport the'mat cake_or bed causing it, by movement
20.of the screen to pass in sequence over a plurality.of phase;
-separating stations“defined by receiving chamberston_the other'j
s;de of the screen. After passing-over'all-the phase separatinc?
statlons, being transported by the screen movement, either o
1nterm1ttent or continuous, the’ mat cakeor bed is d;schargedhd

25 from the screen, be;ng largely exhausted of useful compounds i

B A P N SV,

whlch are now contained 1n a solute or mlscella recovered _

ey s

from a receiving chamber. Underflow, being largely solute free

: solvent remainxng in the dlscharged mat cake or bed may be

SRV LR N S S )
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| e

recoveretl therefromby 'pressing, to be returned to the extract- ion system
i, f aesired; The 'solute of mscella recovered froma receiving chanber may
be concentrated or otherwi se treated dqugdent upon the nature thereof and
the.uses for which it i'$ 5.intended. The"apparatus of this invention
réquites at |east one vessel, ‘in which contact between suitable solvent -and
vegerabl e mat eri_al feedstock takes p]ace to rovide'reaidenc time during
whi ch drﬁ-‘QB'?Sﬁél'thﬁé'ﬁéﬁpﬁrﬁ’l!aé"iﬁ#&‘?%edt% @i Fetrrred; £Rc ‘?BFaEéﬁtr”t-" -

10. Appar at us can be operated, accqgrding to this inveption in whigh one _
vessel éﬁPySY§t3Po§fdgﬁsiﬁGg§aiéﬁV% ute \o% .cﬁﬂ&8p€ﬁ°8ﬂeEF§C§%“Fbﬁb,
or of a pressyure type,.to enable contact, bet ween_sujtabl e solven nd
vegetabFEcﬁﬁYgPFaFKEQP&§i5@W' iTRACRREZALS a?ﬁeﬂ#ﬂﬁfwgﬁﬁvgrﬁfkﬁggheric
pressure. - Treainent a ressur.e 5.0r at a ] C e sgel is -
an advafieBgeden E?gﬂp@%\/m%e%ﬁ%’%?ﬁaﬁ&i %efgﬂggt §§§ ggﬁ‘%g‘l \43: W °
arona%}c ﬁgbat&npes of interest which can be recovered froma vapour phase’
dr awn *FFBRPA%RFdsed top vessel and subsequently condensed. Such a treatnent

can be used jpgC bpss e’ 3 i d Yn 8 rediifds 2R RpaG bhat Veite1,

being-firstjrecov to be relntroduce e mscella nmediately
fge

bef ore fgg?yigﬁy&ggﬁQ%teg@gwaﬁéiyhfééﬁiﬁ”séi%%ﬁ%QﬂﬁdOQegafEBiEaﬁh'

pr oduct ~exanp “Aromatic actions of Interest may De recovere rom .
at | eaS£e§§§taeﬁsehkear pl atRP HA PSS | réBHadRce’ £¥ind cduMingeiRich -
25.vegetable material IS pre-treated for recovery of aromatic fractions

1 pr PSSk AR BEer dy idetban e iabetore sakanglucese
10.Apparatus can be operated according to this invention in which one
vessel only is provided and said.vessel may be of an open or
closed type, or of.é p:éssure typé_to enable.éontéct betwsén
.suitable soivent and_végetable‘material feedstock.£§ include a
treatmént at aboﬁe,atmospheric'p:essﬁre.- Treatment at preésuré,
15.0r at leést'in a closed top &essel-is én'advan;age-fot examp1e 3'
when vegetablé haterial feedstock cbﬂtains &romatic'substanceé
of’ihterest which can be recovered from.a'ﬁapour phase drawh |
from a closeﬁ_top vessei and subsequently coﬂdensed. Such a
treatmen£ can be uséd in bqffee éxtfactibn for example, the
20.aromatic fraction being firSt-recovered, to be~rgintrodﬁced
to the miscella immediatély before spray dfyihg to enhanéé,
the flavour and.aroma of an iﬁstant coffee prdduét fSr
ex;mplé. Aromatic.fractibns_of interest méy,be :ebovereé'from
at least one vessel, or a éeparate.ﬁes$el_may be'provided'wherein
25.vegetable material is pre—treéted for recovery of a;omatic o
fractions prior to contact_and'reSidehce'to effect extraction

in a second vessel. This pre-treatment may be wiﬁh'stgam for




;—- exanpl e, the steam bei ng passed through the vegetable material  #
fik®dst-ock, and condensed for recovery of aromatic frac- tions. We have *
|

o found that a’second vessel may - be enployed to advantage for pre-mxing

of qutabIe solvent and- vegetable material feedstock prior to-introduction.
to a mai-n vesSsel where the na}or-poﬂﬁ(mrcﬁ t he diffusional mechanisns

descri bed hereinbefore take place in a slurry. which is then formed into ar i

mat cakexample,othe atieam heingepassedthrough ite reegetabde where the .
maj or. phase separation step is conducted. In the present i‘nvention the

di fhatewisl nfeedsitock i cand ocondensed Fox cxecovexyhiof azonatis fixacms o |
of interest i's advanced prior to formation of a vegetable material bed, and: "

t hethonsid sclWei have ladanrfoundkthat w#hsecond: wesael mmayrbert bed whi ch
is typically 1 netre or nmore in thickness. The apparatus. of this |nvent|on
conempioyed #o| advantage ofox| predmixing of ssud table rsplvent and

continuous screen |l oop with coll- ection chanbers associated with the

screegesablimateripls feedsteocki prioxitointredustion tel pampisgui prent

such ‘as screen. washi-ng punping mixi ng and heatlng apparatus #or exanple are -

al svegseli shexe theumajor poxtionhefsthe Aiffusdonakmechanisas o

- feedst.ock to. be processed Wiere the sol - vent_is water for exanple-this is
t yplescribesithereinbefore takeplase dn A slursycwhighnisstheaohol or
hexane for exanple, the suitable screen and associated collection-chanbers
reyformedndntedai mag cakenr hedsenga syitable srxreen 2y dessribed ch

- Ssolvents, such housings not being ordjnarily. necessary when the solvent is
';ﬂnhgggre herein, where the major phase separation step is conducted.

X In the present invention the diffusional mechanisms to pro-
. duce a solute containing useful compounds of interest is advanced
prior to formation of a vegetable material bed, ‘and the bed _: o
itself is of lesser thickness than the typical prior-art bed
'which is typically 1 metre or more in thickness. The:apparatus'
of this invention consists in at least ‘one vessel and an
associated screen providing a continuous screen loop with coll;
ection chambers associated.with the screen and defining phase
separation stations thereon. Auxilliary equipment such as
screen washing pumping-mixing and- heating apparatus for
example are also provided as required to suit the apparatus and
vegetable material feedstock to be processed. Where the sol—
vent is water for example this is typically heated. ,7
Where more polar solvents are used, such as alcohol or
'-'hexane for example, the suitable screen and associated |
_collection chambers may be contained in a suitable housing to
'prevent eveporative loss of such solvents, such housings

not being ordinarily necessary when the solvent is aqueous.
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Suhghble‘SolVenfs-qsed‘fd_extrabt vegetabl e material feedstock according
to this invention are selected according to the nature of the vegetable

nmat eri al feedstock and the useful conpounds to be extracted therefrom that

i g7 the solubility of 5. the useful conb@unds or solute, or their

ﬁjsq;g!ripy-mﬁt? }hg sol - vent, .the rule that "like dffsolvesglike“ _'i,
o oo PR R e AR R RS " 0
ol 2" Ak e SEin B AATL hedl 300Ged QMg o
the exyhaCtadindl o¥0thie vddife e SAEe DAL S £ollls B AR® afidl tnled ik adRL 11

ot her I's "advant ag 0 use an aqueous sol vent consisting of

water tg m@ssgbegeecgwf éfPSﬂ? efdedis0 kR 8RNty of

sol ubi 7 ‘or msc- 15.1 the-solute and thus 1 ncrease .the’yield

andgor caualigludl &H@d&ﬁfwloian 6¥! EREL20miARiBRNAY Wi I Aidligl< O

thiS invention Is diagrammatically illustrated in a basic formin Figure 4.

c

Ref er r iyaget 0 thieOudle/ thiit M DOia Abs S0 $iRE"aprovddingn @ @il 1 and a

suitable 26. “screen 2 . The suitable-screen is preferably of a type
provi digiq daneent | FodUexemipd) Vapwtable 6518 oonsigtiagemainlyt @f of the

table Or disc type, or the drum or-the belt type. The type depicted in -

Fi gur e téilgiyebridesbelf Sattsy vicids imap becéxtradtedpwithhhewarienb whesraasn
of a continuous |oop type is fitted 25.with collection chanbers such as-for
exanpl motel pedarofreeafatty Raids Jape dbestbextpactedewitht alrchadliag '
means between chanber and filter.as shown for exanple as 5, 6, 7 in Figure
4, 310.sbivenits.suWakere iscrcommonly sedvad 3i shdveosnt andomayy for
intermttently as indicated by arrows 8 and 9 -
example be used hot for the extraction of coffee, tea and some
bérks,'whilg we have found=thét in_other cases it is advantageous
- to use an agueous sdlvent consistipg of water to which selected
"cbﬁpoﬁnds have been added to increase the solubility or misc-
15.ibility of the solute and thus increase the yield and/or quality
~of the useful compounds extracted.
' An apparatus according to this invention is diagrammatically
illustrated in a basic form in Figure 4. Referring to Figure 4

the apparatus consists of at least one vessel 1 and a suitable

20.screen 2 . The suitable screen is preferably of a type_providing

a continudus screen loop such as a moving screen filter of the
Eébie.or daisc type, or the.d:um. or the belt type. .The type
depicted in Figure 4 is of the belt type which is é preferred
type. The suitable screeh of a_gohﬁinuous loop type is fitted

.25pwith collection chambers such as for example cbliectiqn
chambers 3 and 4 preferably provided with a_sea;ing_means
between chamber and filtef as shown for example.as- 5,'6,.7  _ 
in Figﬁre 4;'so that the suitable screen may be movédfeither-- :

‘continuously or intermittently as indicated by arrows 8. and9 ..



‘SU|tab1e transfer means 16 Are . provi ded between the vessel and the scraen -
‘4.0 pern1t the transfer of mxture fromthe ssel to the screen and the @ *
JHormati oh of the .mat. or cake.on. the scréen after the.mixture. 5. has. '
~been in the Vessel for a predeterniend or desired period of time. The :

trdnster means or mechani sm can be of any sui tabl e or known type For - ..
exanpl e, the transféer means can be a transfer head box as used in the . '\

memm R FrEEmem—_— e -

- .foermation 10. of papers and wood -fibre insul.ating-boards froman- aqueous- . 8

: fir\;[r)éontzgct 2get ween a sw@bef) %féﬁ]f%%he vege&?@d&i erl&f,ﬁ edl _'_:S_.. o

f eedst ock takes aAgea Ara 1théts #f§§$ QFQH&%E 'dence '
time during V\higﬂbe%rslasgtlon ‘proceeds g@?e E‘éﬁso vent and the -
veget abl e mat er 2280 Frmi< r [ a qﬂﬁﬁyggfgﬁ
- followng which 't ghglaurry oréﬁgiﬁ%ﬁoﬁ.edgﬁatsg gﬂﬁ‘i?‘t&r cake or
- on the continuogg shecmat! e Guke o WMt 0fcPEEn)ChPe had Qtfiit*iﬁ:e

veget abl e material "t hrough whiich the suitable solvent is caused to

percol ate, gpd El8'Béenlds el VearddY £df Avpredetakniedd e tdesméhl riod

relatively thin when conpared with the bed of vegetable material common y
f ound |n nost pofotj,net, extracti-on. appar at us wherei.n typi caI I y 1 _

The transfer means or :mechanism can be of any
suitable or known type. ‘.I!'or example, the transfer .
- means can be a transter head box as used: .tn the :Eormation

10 . of papers and wood fiBre- tnsulating boards from an’

aqueous slurry

1s.

20.
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netre or* more in depth‘is used The bed enployed in this form of the <E§;
invention is relatjvely thin and relatively 1arge in 15 area when conpared
with the commonl y-found prior art bed, an?.ls further characterised in that
cont act between suitabl e sol vent and. veg% able material feedstock.takes
pfaqe prior to formation of the mat or cake, the mat or cake being the bed.

| n"opeér ati on. conmi nut ed vegetable material 10 - comm 20.inuted
to a. parhicprincipalhiessencs dfiatlhis formoofitthe 13Ven¢ioheds than 50
litres per hour per bed area.l square decinetre, per-bed 1 netre deep, to

t ake. ad¢hatagentiactnbetame=h \a ciul taklle molventasnd theevegedablec material -
resulting. fromthe use of dec- reased particle size (the percolation rate -
of 50 | feedstpek 2akiesuplagedn cpar;tbgm attheastpopesvessell ttor pravide
enters at |east one vessel 1 where it is mixed with salventll which_.in the
exanpl eresddence tige during wiehiextoaetion progeedsed theo s tAd® ng - or

sol vent recovery station or stage such as -sol ute contalnln sol vent

r ecoer ealveot apdtbe yege materiak feedstogk: foxm S BLWFFYhe
31 Gos; ckbotne; phvdsent B vassebn tdtimele °rsﬁ§¥bb&euﬁé%%%‘§2§=§%§it .
the pri b8 SPETBA_ d8n N Rt °§€41!w“'3€;$’?58 of 1B FipRihudne DReOI 1 0f
VB SRR b i L G 30U e ahEHo B i -_
e, NSV OS5 P o SPRRE RE
baselef %ﬁ%kchi&“ﬁ:mé G o | k] Bdidg the bed is relatively thin -
'when compared with the bed of vegetable material commonly found |
in most prior art extraction apparatus wherein typically 1
metre or more in depth is used. The bed emplayed in th;s fozm
of the invention is relathely thin and relatively large in
15.area.when compared with the commoaly found prior art bed.
- and is further'characterisedain that coptaét between suitable. o
esoivent and vegetable'material.feedstock takes-placelpiior_
' to formation of the mat or cake, the mat or cake being the bed.'
_ﬂ In operat;on ccmmlnuted vegetable materiallQ preéerabir'comm-
20.inuted to a particle size which would have a percolation rate of
less than 50 litres per hour per bed area 1 square decnmetre,:
per bed 1 metre deep, to take.adiantage.of_increased yield and/
- or increased-rate of exftaction_reSuiting-frqﬁ the use of dec-
reased.particle size (the peréolaﬁion rate'of 50 litres per
25.hour being for a bed without pressure differential) enters at
leasﬁ one Veaselll-where'it ie.mixed with solventll.which in
. the example shown in Figure 4:may'c0ntaiﬁ_sqme solute derived
from a washing or solvent recovery station or stage, such as

solute containing solvent recovered from chamber 4 in Figure 4.



. to rJ:otlon of the suitabl e scréen, sald rﬁ)

e-sol-.vent -and vegetabl e materl al is deposited upon suitable screen® so
hat by wirtue of nmotion of suitable screen as indicdted by arrows 8 and.9°
& mat cdke or bed is forned, the 15. mat, gake or bed being. transported due .
flon being intermttent or
cofti'nuous. Pref erably, the notion is -conti nuous. The mat, cake or bed i s
transported over col | ection chambérs such as coll ection chanbers 3 and 454

and is finally qjjgcha dgégseSohadveah@i dayl b tseixﬁpwradﬁéhcebbyve&bsqsted E

- of the useful compoun interest. The mat, cake or bed-enployed in this

~invention ys gy eétﬁmb'ﬂn'sf%ui:aaa SrTRiaye QD prE ikl vabbulvbkh i geeter

range of 8mmto 30mmthick but this is not limting as it is dependent . upon

t he nat Ur @ ofeiitifery AR FALHROL cohtihticuie typa’ Pressuré vessells o een -

for exanpl e. Contact between suitable solvent .and vegetable materjal, bei ng

referred i@ qusted® e khowh in the aﬁ.kgnccemﬂnsiesﬂmnpmaﬁﬂngnattl y in
the at |east. one vessel in this invention wi-th the total residence tinme -

bei'ng chuiariichh @rmeides uthabprincliplet ofn dcordgiriudnie operation, bbdnb in.
‘the at.-l east one vessel and on the suitable screen. From experience we have -
found t hatfitted erith cfeedsrscand outdeti Malves, emablingmaintasaneget abl e
mat eri al- feedstock, the suitable solvent, and the extraction conditions 5. -
used. = |t off lpressunsmwhile catt the samer éﬂmarﬁa;cilifbahszintrgducticn of .
controlled in order to-optimse productivity ahd extract quality and for - :
this. reasoedetablematarial fior Sspatment &nd FAaRoVAL «of ;producty afftemhe
at |1 east one vessel noves in generally plug flow wthin the vessel so that-

sol vent /" Heﬂ#é!ﬁ'tf&bl Meﬂiﬂ’r‘ gy PF%W%P%H&E%C! 1R ¥hicht cRsesel |
| 10 all vessels may not be alike, each being selected according NN

‘to :Eunc_tion._' At the base of vessel } slurry consisting of suit-'
able solvént and vegetable material is deposited upon suitable
screen 2 'so that by virtue of motion of suitable screen as -_
indicated by arrows 8 and 9 a mat cake or bed is formed, the
-15. mat cake or bed being transported due to motion of the |
sui_table screen, said motion being _intermittent or con_tinuous. o
Preferably, the motion is continuous. - 'I'he mat, cake or bed is o
" transported over collection chan\berssnch- as collection | |
chambers 3 and 4 and."is finally discharged as indica'ted at 15 .
20 being practically exhausted of the useful. compounds of interest..‘
The mat, cake or bed employed in th.'l.s invention is preferably
| less than 1 metre deep, and typically vuthin the range of -
8mm to 30mm thick but this is not limiting as it is dependent
upon the nature of the vegetable material and the linear speed
25. of the screen for example. cOntact between suitable |
| olvent ‘and vegetable material, heing referred to as’ residence -
time in the art, . is accomplished predominantly in the at least
one vessel in this invention with the total residence time '

being contact between s_uitable so.lvent- and veqeta_ble material

ﬁ
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— _ .
is not mxed with solvent/vegetabl e material slurry which has renmai ned

i-n*that vessel for’a time. Thus, wi'th generally plug flow the residence
time tn the at Ieast one vessel can be determned, being the tine taken for

be &bl oyed to advant age in the at |east one vessel to nmaint a| nintimte
cont act ppahwden the tathi keawt vene vesselgandbbe theeswdtabdelstcrden. -
especi al |y where the solvent/vegetable 20. material slurry is heated but
such pa&dbueexmierme)evmrhavgeﬂoendt thatt thepreqguilred xesidanae t he
residence time are preserved as far ‘as practicable. |In this invention,the.
count er tdmer anitl1s wamymarcoxding i tontihe vegetabdel materdadct- i on may be
preserved by the arrangenent of adequate pi p| n 25. Still ref erri -
Fi gur e £eedssoickoo|then B uitahte spebyentenand: engxtragtd 1@9%3 an

arrangement of suitable piping 12 so_that solvent so sprayed is caused to .

sol vent/vegetable mat eri-al 15. slurry t&.@ass from entry to that vessel, to -
exit and forrmation of the mat cake or bed on suitable screen.. Paddles may

per ci apsed. ¢ ftowddk ke rﬂ%?%?@hﬁaﬁeﬂhﬁmﬁﬁﬁiéﬁﬁﬁ’&r &dmm meeddical N

rior art extractor to be collected in,chanber be con- veyed b
Ui bl EopPei RARETALLID AT GRARE FoPPFLELESBERABTEVA LY, @l SraRE

t d 5, di rection.to.that t table .
D o HuadAty, and os S rSanga L) ﬂ&%%?&?%gdr?-e t?a% Jiping 12 .-

he oy VeRRURRYeL BB LA AR oL Bha Y, Fedhkohe Wihed Wi, " °

7S bt ol 4 SAR e 8 BRI

10 tﬂ) f%g‘e@%ﬁe material slurry formed or charged into that vessel
is not mixed w:.th -solvent/vegetable material slurry which has
| lrem'ained in that ve-e'sel for a time. Thus, ‘with generaliy plug' a
flow the residence time i:n'the at ‘least one vessel can be |
d'eterinined, being the t:i.me ta.kefx for solvent/vegetable material
15. s_iurry to pass from entry to tha_t vessel, to exit and formati'eh'
- of the xi;at.cake or bed on suitable screen. Paddles may be
employed to. ad\}antage in the at 'least' one vesselh to -maihtaia
| intimate contact between snitable solvent and vegetable
'_ material feedstock especially where the solvent/vegetable |
.20, mater:.al slurry is heated but such paddles need to be
, -arranged so that the plug flow and hence the residence time are
_-preserved as far as practicable. _In this :.nvent:.on,th_e
| cpunter ‘current "system as used in most liquid-solid extract-
.‘j_on may be preseﬁed by t’:;e"arrengement. of adequate piping. :
" '25.'still refe'rring to Figure 4, fresh .s.olx.r'ent may be sprayed
| ‘onto the mat, cake or bedl3 by an arrangement of euitAble

- piping 12 'so that solvent so SPrayed Iis' caused to percela_te



—~]l urry which resides in at .|east-one vessel to conplete t he cycle In s :
gure' 4, extract, also. terned the niscella in the’art bet ng useful R
,nﬁpounds contained in sol vent is collected in. 15. collection. chanber 3
hei-ng..separated fromthe- mat - cake or be n the suitable screen to be _
di schar ged| 4f or concentration or treatnent. As an aid to separation - - -~
of-1iquid-and solid phases fromthe ped fornged on the SU|tabIe screen a
Shlncbrds duhes somparad hth atpal

.-p;efsg{e gghrﬁrgﬁtsﬁzkgg}qﬁfxﬁﬁw ed char.g | 15 e
rti vacuu rs.asr ir S S SR
D etou | BEAGK, 83% SHERAREATEI R (PE/CPRLPELR "tﬁg%ﬁﬁé’rflo‘bg Beengon- _-
bound ‘or ‘trapped. sol vent |ar gdepl eted of solub gﬁfrevu£us washi ng S
stage. . Re¥8 G cBYuf# 3?1{13/ ing ¢ 2R LB4PRBP HBE ‘ys't"%m either -
b I 25 t he h t roduct { S -
Bl U P R R i ST
: f _thi t '
© EPRorahe® Gherint éﬂée%%&%w{]% inf of &%“rfg&e‘fceﬂieﬁ?e%“ﬂfn“é&f@m i
. t t [ t
: Sp?E?;?r egn?ﬁgpgéevéra p%ase sepa .a éld ?g?#ongiggbg%ola%% é,ﬂ%é "
f | I
Bt racti on 1 pakaks HETRAIULLS %%%%292.1% VA 58 S y‘f‘“’?“ -
per forned yRbBg &ﬁg KSIVIE G LutE Ak anee&ee Fr) lae:weyé&'m of

adequat e pipirng -and auxill'i-ary equipment wi |l now be described Wt

reference &gupkgy’ Sutrent lamecfaﬁvsyveﬁﬁhmer giailngstmtw amssqet ed
with a suitable screen of the contihuous belt ty
10. into at least .one. vessel J-where it contacts vegetable |
material also entering at least one vessel at 10 to form new
' _slurry which resides in at least one: vessel to complete the p'd-'v
'cycle. In Figure 4, extract, also termed the miscella in the
"art being useful compounds contained in solvent is collected in

15. collection chamber 3 being separated from the mat cake or =

bed on. the suitable screen to be dischargedl4for concentration f_'

or treatment.- As an aid to. separation of ‘liguid and solid
phases from the bed formed on the suitable screen a pressure o
differential may be provided across the bed by. draw;ng a |
d20.;partial vacuum on chambers as required. Discharged solids 15'”
'_may be pressed if desired to reoover underflow therefrom, the |
underflow being bound or trapped solvent largely depleted of |
'solute by a previous washing stage. Recovered underflow |
may be returned to the extraction svstem either by inclusion
‘25.'in the wash or by introduction to the at least,one vessel
'_'during formation of the slurry for example.. '
Figure 4 depicts apparatus of this invention in basic
;form. A more. detailed form is shown in Figure 5 Whereas

the apparatus depicted in Figure 4 has two phase separation
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The tmo Qessels 25 and 26. are used to prepare a slurry con5|st|ng of ' f
SU|tabIe sol vent .and vegetabl e material feedstock, and te provide residence 2
time during whi ¢h the diffusional mechani snms descrlbed her ei nbefore take

pl ace. Vessel" 25 typi cal lysmal | erthan vessel 26 is fitted with nmixer 27 and -

i5 ugsed to thoroughly mx vegetab®@ material 28 and.weak, .solute 29 to

prod ce a slurry which.,is disscharged into vesse] 26 ana shown at 30.-- o
Vessel atagionsias néegliﬁ@gll!ﬁr ﬁrmka%g‘%@@ma ftbstantially -

pre-sel ected residence tine related to the vegetable material diffusivity
and padsi nrsfm%eés% several nphasen sepazation g Fatdons ibrpEorn
vessel 26 ‘"the slurry noves in generally plug flow as shown by arrow 31
so t havidedy 1and PY.- ¥aye @l PX¥EPLe OBLY| I&i%@mﬁgseem%#qmqtat ons
di schar ges ont o scregn 32 as shown to forma nmat cake_or bed .33 which is
di spl a8Ze SHOWS gore; & ceExtractiog GM%{'E“’S&‘PG%? iwadeRuence -
oyer: col | ecti on chanbers 35, 36, 37, 38, 39 ‘definin h se s paratlo Hﬁ.atlons

unti| ma¥dher SiPRLY 18ndeefifectively perfo: g
S Capaaetin i Bl RS 8 RN T .
gg: : Sgtﬁedbly'n Il ecti onggganber Mnd acg&wgﬁdgg ver 42 S'BI or t(_).- |
e R R R o g
_;gcgh\é&ﬁr:‘ig aS _rﬁéogggll ylﬁ%%gﬂ tg*lgecdpntai/ggoggt ge@ cake .or bed.
| The two vessels 25 and 26 are used to p;cepare a slur:.y =
o consisting of sui:table solvent and vegetable ma.ter:‘.al !.'eedstock, )
‘and to prov:‘.de residence time duz'ing which ‘the d:.f-fus:tonal .
, -xnechanisms described hereinhefore ‘take place. Vessel 25
--typ:.callysmaller than vessel 26 J‘.s fttted with mixer 27 a.nd 1s
_used to- thcroughly mix vegetalile :mater:‘.al 28 and wea.k solute 29
.to produce a s_lurry which is discharged :.ntc | vessel 26 and
shcwn at 30.- ‘V'essel'. -26~-conta:tns.. the slurxry produced in vessel |
25 for a substantially pre-selected residence time related to
the --vegetab_le material d:‘;ffnsi‘vj‘:ty' and particle size as des-
_cribed hereinbefore , and during. residence in yessel 26 , the .
| . slurry moves in generally plug flow as shown by arrow 31,
so that when the pre-seleci-gd residence time has elapsed the
slurry d;scharges onto screen 32 as shcwn to fom a mat cake
‘or bed 33 which is displaced by movement of screen 32 as
indicated at 34 to pass in sequence over collect:.on chmbers._.
-35,36,37,38,39, def:‘:ning phase sepaxa.tion sta.tions, nntil }
'_discharged at 40 being la:gely exhausted of. use£u1 ccmpounds.



;'col

Sopiad icaKdifofi Ball i B | éolleeted dtn \ebllection |clriniiern39g mad ion |

h g haptaye®oints matiicaks orbed manwhdwncatl 4d.cEoluts tontadnitky- ;_nber .

xnd. accunul ated in recei ver 49'pr|or to delivery by punp B30 to mixing"

ssel 25 as shown. -Thus the sol vgat passes thriough the mat . cake or Bed
ire€times in this exanple to bédelTvered to vessel 25 in accordance W|th

¥he gendg@f tah18C solAin &l efiteRise Lk éxtrastion Gywken toobe spr=T0 - -
'further IlTus-= trate the versatility: of the apparatus of this |nvent|on_\£

?mﬁw’fﬁatl ek G bbd REAFhAPaAt! (N andipexrcoldtéantlirongh:
ection chanber 35 is. arranged to renove fines to mini- nise suspended -

chanber 36. Solute or .iquid phase which passes through the screen at the. |
PhaseuaRiXi€édolns réideiveie’ 42i pedcy tdedelivesy Gy Puhpbas 8b be the

time the mat cake or bed is for rred is re-cycled to renove suspended solids

5 and accunul ated in receiver 51 to-be punped by punp 52 and either

spsalventispt hﬁedﬁbrtt’o(etm hat dake or bedsat 44 |percolatesthrough iy
stream 54 as,

to be trapped therein. 'In Figure 5, the phase separation station defined by
colhetreicelvdrnd6r ptior toaleliveryo by pampnddd tmlbdsprayredhentoscel | a-

while 5. concurrently,’ displacement of the screen 32 as.indicated by arrow_ _

34matltakd hor bedeaisa shovwe atadsuoThat mayemmmwe againdipers be
again separated at the phase.separation station defined by col I'ecti on:

cheolateat tlexough the malpeovake ocll htd stbsbencoamectedtptndoollslotirm

) cake or bed. The m scell a,

chamber- 37 and. accumulated in receiver 49 prior to delivery

by pump 50 to mixing vessel 25 as shown. 'rhus the solvent passes._-_
through the mat cake or Bed three times in this example to be - -
delivered to vessel 25 in accordance with the general princi- .

pal of counter current wash:tng and extraction. To further illus-"- g
trate the versatility of the apparatus of this invention, an o
example wherein one of the phase separation stations, defined _ :

by collection chamber 35 is arranged to remove fines to mini—

| mise suspended solid in the f.inal :miscella or extract which is

.

-, B

_ own at. 55. Re-cycling solute or:liquida phase as shown uses’
thehis Ka\kcom.emﬁd t1i8| fodlection schanber: 38 @nd i accumajated] sol i ds

e 3

o oollected in collection chamser 36 « Solute or liquid phase which_ .

passes through. the screen at the phase separation station def- a

ined by the collection ohamber 35 at the ti:me the mat cake or

', _'bed is formed is re-cycled to remove suspended solids there- .

from the solute or liquiad- phase is collected in oollection cha- o
- mber 35 and accmnulated tn recetver 51 to be pumped by pump 52
| and either sprayed onto the ‘mat cake or bed at 53 or passed back. _.
.into the mai‘n slurry stream 54" as— shown ‘at 55, ' |

Re-cycli.ng solute or liquid phase as shown uses the .'_. ;
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| 0. bei-ng suitable sol vent contalnlng solute, that is useful. conpounds
extracted fromthe vegetable material feedstock is accunulated in receiver .
57 to*be delivered by.punp 58 as 'the. gig¥ extract which.may be concentrated.
Or otherwi se treated as appropriate f

157 end use thereof. The weak extract, is.al'so known ln ‘the’ art as n1sce||a

o SR S o

[cra_;_g.[)égﬂ g;gziﬂelggct% % W‘g :;l‘;;; Z; cog;‘al ns%g‘orre bloﬁgds?;ge .l :

oo
ry o er

way- of eXanple e recov ow Is illustr- 25.ated Iin Figure 5

Regest apBREArrBRtlY, iGPDacmiaiis o He8esbenBR b Andidated Bpkdowa

sui tabl e press 60 Such asS a batch hydraulic press or a continuous screw

press whgr ghishs’ tHe' milbtel IR Be Otransportadi BY ther mary cakie o Bed,
underflow 6 therefromwhich may be returned to a preceding treatment stage

he partlcular extract and intended .

such asgphpevaghiat sepavatdd at e piapersépavationt sgatdin defiloed pl ace . E

i'n vessel 25. The Rejectanenta after renoval of underflow, nmay be

di scharggdeetlettfbn! chiambexsd6 Ieavingnthe suspehdeldesolldds or pl ant

gromnng medi um base for exanpl e, depending upon the nature of the orlglnal
vegesabstantially trappeddn thel matnoake oucbeds. Thenmiscedla, -

appreC|ated that this invention provides nethod ahd a paratus for the

extr}&:hemngfsu&tahﬂecgm@&@nﬁ;containing solute, that is useful '

- compounds extracted from the vegetable,material feedstock
is aocumulated_ in receiver'57 to be delj.vered by pump 58
as the weak extract which may be concentrated.or'otherwise -
treated as’ appropriate for the part;cular extract and intended
15 end use thereof. The weak extract, rs also known in the art as
" miscella and also as overflow. The vegetable mater;al-feedstock,;
atter being.largely exhatsted of useful_compounds.is discharged
as shown in Figore 5. This discharged and largely exhausted
vegetable material, sometimes referred to as Regectamenta in the
20 art also contains some bound or trapped solvent, largely
depleted of.solute_by a previous washrpg stage,;and sometlmes-'
-referred to in.the‘art as underflow; This underflow may
if des;red be also reoovered ‘and returned to the extraotron sys=-
tem, and by way of example, the recovery of underflow is illustr—
25.ated in Figure 5. Regectamenta, being largely exhausted
o vegetaole material 3is:pressed in a suitablefpress 60
 such as a Batch hydraulic press or a oontinﬁous sorew press’
'wherein*further phase‘separation is oonduoted to remove or
_ recover underflowStherefrom which ﬁay be'returned to a preceding -

treatment stage such as the wash stage or the slurry preparation



ron1vegetab|e material feedatock which. utilises advantages to' be gai med
‘comjrnuting the: veget abl e material feedstock 10. tbo relatlvely smal |l - .» 1
ticles when conpared to particle sizes co nly used in the prior art. - &
“broad invention encom passes the extraction of useful conpounds from:  ;
ojet abl e mat- erial generally-and within this scope the conditions of ext-
Taction may be selected to suit the particul ar vegetable 15. -material - '&J

f eedst ock "and wageiath_bclodtakeaopluceam yesgell. 28y The Réjectapenta the

enpl oynent. of this invention for the manufacture of a coffee.extract as
used to produo&fterc:aéthcdalnefaunderfﬂ.ew,vmayrbnvcbﬁsdem:gededs atf 68eto
beans are roasted and ground as. |£ t-he prior art, 20. with the exception

that the part ibe casedcfos cxdnpled ns  mcbohlem ﬁmﬂ.(mmant growtngngeddm
- Rosin, Rammi er and Sperllng) ereas-the typical-particle size used in the -
" prior art rmy Hasedfor Example btdepeadimemmm the matureofathe original
- Preferably the particle sizel'is less.than | nm (Rosin, Ranmier. 25. and :
Sperlingl %o tvegetahle M&gb feadstockec ednemie f8etoyBel d and/ or

i ncreased extraction rate as: discl osed her |nbef ore.. The rticle il ze of

| ess than 1nm wi || He wikhBe cappragiated, Ahdm inyent Ehp_rev 888| ow

: for use in prior, a Rot ocel | extra tors_for . exa '
 preferable bulmqg’t"‘i: 3 ZPAFBERS ?rrgevéP"i’?g"P%Jr%a‘#c“??ﬁ'&l SﬂmPPHHf!&
cof fee extract_ in.-order t. thjs ot st . dur, the I n_ex ion
e e aCte iy ek valfh Hhbsethy Poegebind Wil e T Pa Shbk AR RS
| mmedi at el'y prt'oo be Oga A& By L5901 S Ing tipr Ped: re’abrEPe fﬁétééfﬂ? Eeeastock

| 10. to relatively small particles when compazed to part.i.cle sizes

- commonly used in the prior art. The hroad :':nvent:‘:on enccm— !
passes the extraction of useful ccunpounds frcm ‘vegetable mat—
erial generally and within this sccpe the cond:.t:‘.ons of ext—

| .raction may be selected to suit the part:.cular vegetable '
B 15. material feedstock and extract product to be manufactured
| By way of example ’ the employ:nent of this mventicn |
| for the manufacture of a coffee extract as used to produce so, -
called instant coffee will now be described. )

cOffee beans are roasted and ground as in the prior art,

| -:_20. with the exception that the particle s:l.ze is reduced to- |
T less than 2mm’ (d:l.ameter according to ‘.Rosin, Rammler and | |
| Sperling) whereas the typical part:.cle size used :.n the prior
art may be near 3mm to obta:.n an adequate percolation rate. .
Preferahly, the part:Lcle size ‘is less than imm (Ros:‘.n, :Rammler

25. and Sperlingl so that full advantage can be taken of the |
| ' J.ncreased yield and/or increased extractxon rate as: disclosed

| "hereinbefore. '.l‘he particle size of less than dmm will Be

found to produce a percclaticn xate which ‘is too low for use

R P TR ST T S

in prior art Rotocell extractcrs for example. R




sl

wi-t il tiye steam for, exanpl'e, the |ive steam being collected and condensed

so that the aromatic. fraction is contained in the condensate..The ground .
cof free-may bé treated with |ive steapgei ther before or after preparation of
t he {Lurry required in -the process of this invention.. For exanple the

Emhiaé;ly?‘sPéﬁﬁé‘%??@%ﬁ%k@%. SY g MEAELEL L7 SO BedolBE 0T 10
r.eg{éﬁ%ﬁgf?hgg#iﬁg%ﬁ %b?’g%o é\/gen*gﬁggga:igl %s@géﬁg’c}g ee"a' o
S?‘é&&f}é' gt HEERE, t@ﬁ%ﬁ%ﬁ@@f&?&ﬁ%ﬁ?@%ﬁ?ﬁhﬁ@%& A o ey be
chadsARERR PRt Bhedhgl, 10 e i, Afeb SBRELENATHTD, o
ran @Attt rHASHnE AL AU éch (ab"Sptiay MrylAGTaCy Wi D

me a,rorrat"i"c-'frac'tion may be recovered by treatnent of the ground coffée C

.

mtﬁ&g ' fétfgstaaqua hE' ¥e d'ByNised &£ Ofhereak

ext T's adjusted tn relation to the slurry output fromsuch. vessel so .

L hal difa it Hee | W1EA"94Ad o0 4 gfgt%ﬂa.tmevaaw sEAaR! Bathe?

pre-determned resjdence tine as In tenperature condi ti ons and

I neRIeciiedand Ebniihewd 65 tialthd HffoRhtbed fradiiigiiid ' édhthdned

slurry, -and on-a suitable screen.and as generally described in the exanples

oo B e B e e e arion
St ajlj QRS ateiif 'dithe#Sbefore or after preparation of the slurry
required in the process of this invention. 'f‘or example the treat~.
ment may take él_.ace in a vessel wherein live steam is
int:’béuced to the dry ground coffee particles or a zone may - be
| pfovide,d’ in a vessél"wheie._live steam i.s injected into a o
slurry in a main vessel during the :esidencé-.time therein. The -
suitable sqlvéxit used in the caég of coffee ex:t_:ac‘t'ion. is _héatet;
'water-.‘ preféz_'ably heated .to at least. 90‘5c and m‘oré. preferably '
to wit;hin the ra;xge 90°% an_d'-.-.100°' . H_ighe:'.tempei:a_tﬁ.:es nay |
e used by accbmdda_ti_ng the suitable screen and associated _
" collection chambers in a sﬁ_i.éahlé closure and by ‘sealing a main
' vegse.‘l.. in the_"fjdrm'_of a digester as used for example in
the a:t. of lignocellulosic pulp mmﬁactﬁe; |
) Input to a main vessel, in the form of a coffeé_ grounds
in water or weak extract slurry or d:y coffee grounds and
©  water or weak extract is adjuéted in relation to the 'élurry' _
output from such vessel '36_ that thé _slui::y', in generéily plug
,' _flow-' through the veﬁégl . 'cbmplete's" a pfé-détémined _res'i"de:nce |
time as indicated by 'tem;.;er.a'ture conditions and fineness of
97ind of the coffee. A mat, cake or bed is formed from the



“w Bx descrlbed in Figure 4 and -Figure 5 herein-a coffee n1sce||a Fs e
. /rdcovered. The bed, being the mat or cake formed on the sui table screen - .
_ i'on1the slurry is cha[acterlstlcallygthn- ner ‘than 'the typical prior art
peéd, being less than 1 netre in depth and nmore typically between. 4mm and
- 50mmin-depth. 10. The recovered, coffee niscella may be concentrated as

Wl

known in the art by for exanple evaporation in a partial vacuumor -reversiy .

osnDS|ssbunryssandndnnaysttahlexBQEeenqondeasbgeneraélawﬂhgcQ#W%Q drying
or freeze drying to produce instant coffee powder. Wiere an aromatic- B C

fract i oinhtsebesamplesy essociated metth Biavrei dnand Figure 5 hexeinion’

this aromatic fraction.is.re-introduced.to the main stream.nniscella prlorf
to the andafomwﬁggspbpsteo sepanation s‘ﬁspanlp:rcepf-'sesséméw Rassingher
aroma and flavour. “ It.can be seen fromreference for exar tQ Flgure 5
t hat hymabp yQ?-'Ses?preﬂa?VSé' Bh%ﬁﬁima¥¥t§9"dé§# @ngad -
ot ¢ ddenemibed, 4ngEd bh%ee?%rﬁ&@é‘%@ﬁh%é@%@ékh&f%ﬂ ﬁZQSESE't e
| Phace CepARREIALe; EEpoRETad Ao éﬂihise@psgﬁeﬁﬁf'é?ﬁg%e el for
o bed-6 Féw”%i?eﬁ&?e%?sﬁe% %ava%??%ﬂeéiﬁé il%‘”sg?%e%%%f&%t??lc%fi# féﬁ‘ﬁ'
o507 S P b gt AR MU A T L
.;Egg?;hgﬁ %%é YDhen%F QEﬁﬁQP% p2§%§7§énoaﬁ%eggeggp?%%3FPdgﬁgﬁa | '
~ 10.The recovered coffee miscella may be concentrated as known
g in thezart by-for example eyaporation infa'partial.vacuum _
or reverse osmosis process, and may be dried as required._:
by for example spray drying or freeze drying to produce instant
| coffee powder. Where an aromatic fraction has been recovered prior ;"
as. to execution of the main extraction this aromatic fraction is d'
| re-introduced to the main stream miscella'prior to the final ft_
drying step to produce an instant coffee powder with superior ;y
aroma and- flawour. It. can be seen from reference for
_ example to Figure 5 that hydrolysis steps may be 1ntroduced if .-”-
~ 20.desired and as sometimes practiced in liquid-solid extraction,.
wherein the solid is a vegetable material and it is desired to':
| .. render compounds contained in the vegetable material more
soluble. Sucb.hydrolysis_steps.may,be included at any_of the".
'phase'separation stations defined bylthe screen-collection
25. chambers for example, or. may take place in a vessel prior to
formation of the mat, cake or bed. Hydrolysis steps are somee
_ times used in coffee and tea extraction to increase the

solubility of certain carbohydrates contained in these vege-

table materials._:



Substantlally ‘pol yphenolic bark extracts are used as tanning S. agents’ and_lqw
in-the manufacture of sore bonding and sizing agents for .exanple. The:
extractlon conditi'ons used to prepare bark extracts vari es, -dependi ng upon - -
the tree speci es fromwhich the bark i 2%erived. For exanple bark from
the Wattle species .10 . Acacia nearnsii can be S|nply extracted ‘using hot

matép as a sol vent mhlle bar k fromthe Pi ne speci.es Pinus Radlata Is nore -

E'sf “_E_;ftfot_ t[_/\/%t o' B ey AR B PEAL SR INAR Y Beutl exLTact
as & coniOygBrAER ?P‘a?‘h?s“%%ﬂw’?%gégxt?géf%‘ﬁg‘o%ﬁﬁ% R e
accor di '“gfba ukB & s ' %{r}r‘\ﬁ[ eillt) ﬁl@% hbhee sgb‘i‘ﬁ’ﬂdé“@iﬂn rigw be described.

pol yphen®l'T ¢ naterla nus radiata 1s preferably

perfor meg b éﬁt?. hz:dlérgp ﬁoﬂ{@eaaﬁﬁ ekeRdciia0are Wed%s%munghe_ -

bark is renov le sap 1s still present, the bark being
freshsangdeahik! ap@nia mmﬁé o8t seRk Bondinge aid tdizingre the
extractlo% process is perforned. A-reason for this is illustrated in Figure

6 herelna eAts fofoeahg@ﬂmg Figure 6 Pinus radi ata bark was extracted at
vari ous |ntervals after renoval fromthe freshly felled | og and the extract -
yi el d was detThei estiracticrarcdndistions resedi tor prepare: bark extragts

Pinus radiata bark, it is an advant- age to performthe extraction .
within avazesaadependingatipon rthm tred repechest fxom wbéchv@:hmm!bund

that tthe Pinus radirata bark ‘'shoul d be
is derived. For example, bark £rom the Wattle species

_ 10.Acacia mearnsii can be simply extracted uSing hot water as
a solvent while bark from the Pine species Pinus Radiata
is more difficult to extract. Acacia mearnsii bark produces
| high yields of extract using hot water as a solvent while the yields
of extract from Pinus radiata bark using hot water as a solvent '
15-are low, With unfavourable economics as a consequence. In l
this example the extraction of Pinus radiata bark according to
 this invention will be described. |
The extraction of polyphenolic material from the bark of
Pinus radiata is preferably performed while the bark is in a green
l 20. oondition; that is to say, the oark is removed from the log'While
sap is still present; the bark'being fresh and still-containing
‘some sap or natural mOisture at the time the extraction process
is performed. A reason for this is illustrated in Figure 6
_ herein. _ _ | H
"25._ ‘To prepare Figure 6 Pinus radiata bark was. extracted at _'
various intervals after removal from the freshly felled log |
and the extract yield was determined.' It can be seen from

Figure 6 that at least with Pinus radiata bark, itiisian advant-



xtracted while.in a green or substantlally green condi tion, and 5. N

r afrably at. Ieast wi thin 100 days of renoval fromthe fresh | og. Figure- 6
LshoWs' t hat . s nmore preferable to pggpess ‘the Pinus radiata bark as- soon

\a b actlcable after reanaI fromthe esh log, with a significant =~ = - - -
“advant age bei ng shown when the bark Is extracted within 30 to 40 days and,

d h 15 20 .

Gays. qﬁé%&é&%ﬁr By ERg AT : fveﬁé%'fpﬁé%ééﬁ%é?egriﬁ.e”ané | Lf’ry =

I | h b Pi t Ne -
_ggayg 3%Zﬁ$ﬁ§%§ t?F8§$%h% %5é§b7§3§§ |Egs ;ﬁdl?hgsgrgrer25rgzeexrPactren

condi ti ons ﬁgnﬂgseskggh iﬂ‘ltefth%‘”ﬂi ti(;l a‘?{?%adsgrﬂs PFB met hod and

apparatus o I'S-inventi on. An adva -age o I's Inve hBfever i s that

;t‘?of’aé’rrf%%%%ra WRLSe! LR gRAEH I ﬁ‘*ﬁ inffatfy 620 ra% haRRIeEsSidih '
exgnpl fé’faﬁf#‘aﬂtaﬂﬁaht' mthaer RFEQ ae'éfaegﬁg{:ﬁnﬁsaseﬂ o Fraeh

extra on, due to the enpl oynent of th nprove usi onal phenonena

di scl OR?&' hei ghpbeé osRows! kAW ke il Hdd 'ﬁﬂéféﬁaﬁsdtayp&sgugr o bar k.

percol ation rates. The process of extracting useful . corpound

25. sugie apifthd Ufaddtal Bakk! las @ved s (pdctieabiekabteeorEnavadd t o
smal | particles. Thi's conminution may be a single-step, or conveniently

may befrfomlthie Pfresh cPogpewdthoa s@imwnm&tagbaﬁdinqgsmwhave
-found it to be advantageous -to enploy a first step-wherein the bark is

hamremwhéen ethe barlbuistextractedt weis:mm 130 .to 140 wnays banapanecr at. ed

.. however .

10. even greater advantage when the bark is extracted Within 15 to 20
days._ _
_ The preferred extraction conditions for preparing subst— _f- :
| antially polyphenolic extracts from the bark of Pinus radiata are
disclosed in New Zealand patent specification No. 179933, |
15.and these preferred extraction conditions can be simply and effecti-_
vely provzded using the method and apparatus of this invention._
An advantage of this 1nvention however is that the bark may be more
finely comminuted than is desirable for processing in prior :
art apparatus such as the Rotocell or De Smet extractor for
. 20. example, the advantage being increased yield and/or increased
rate of extraction,due to the emplcyment of the improved ,
diffusional phenomena disclosed hereinbefore w;thout the
limitations imposed by reduced percolation rates. )
' The process of extracting useful compounds from bark,
25.such as Pinus radiata bark requires that the bark be comminuted _
. to small particles.' This comminution may be a single step,
or conveniently may be a multiple step operation. For
convenience in handling we have found it to be adrantageous '-.

to employ a first step wherein the bark is hammermilled



thaL;whéfe Iarge.quantiries are to'be“proceséed'ip s an advantage to have
a consi stent product which can be reliably transported by conveyor and the
liké in the extraction 5. operation. To reduce the bark to a particle size

X

sui tapbl e for ‘extraction -using the nethod and apparatus of this invention, ‘a- .°

di sc refiner has been'found suitable,_although other forms of attrition -
apparatus may al so be used. Suitable #dfsc 10. refiners are for exanple the’
Bauer or -Sprout Wl dron as comipnly.used_in-the wood;pul p, industry and the
bark iBupr&hésadpy nesmessenkial i n Ihvpiishacarprefdated e remain
with the bark,at |east in part fo becone the suitable sqlvent in the
extracthdh phezesdarge quantifies,axe 9 ’Bﬁ-ESﬂﬁFﬁ&Féd(}'f%ﬁse%pl etoa.

fineness which.is characterized, b ercql atiop,test.- The per.col ion test
i s t haRAYBRtAIBe &P VR ’ccﬁﬂﬂ#ﬁﬁ%ﬁm“a‘ﬁg?ﬁ" “Egrrﬂ{']‘?'gﬁdé'@ﬂ p‘p?éﬁ&ﬁiﬂl on
rate of water heated to 90 C-thro t ed,is S han, R0 litres per

hour pE?%ﬁESFg.eazg.Y VRO Qﬂ&ggb‘ gf{:)g? 17]&'_ ﬁégezfgﬁﬁ&%?ﬁl t he bgr kK nay -

be conninutﬁd to a fineness having a percolation rate of |ess than 10
|i Pres®BBF2R88Pper square decimetre of bed area. W have for exanple

el ned o radLEka A bdrk Ad U eberd 3626Cbil Ban1d sl tan!

product havi percolation rate of res per hour when tested

Gor oL S5 BRH T, PG, 0 het WA WifalRiuioel Tl Ritfineidn,
a disc refiner has been fognd.suitable;jalthough other_fdrms
| ~of attrition apparatus ﬁay also be used. Suitable disc
1o, refiners ére for exampleithe'Baﬁer'ot-Sprcut Waldron aé'cémmonly
used in the wood pulp ihdusﬁry'and the bark is preferably'cémmf
;inutgd inlthe'presence of water which may remain with the_bark,[atf
least in part to become the suitable solvent in the eXtraction~'
Hprocéss. B . - _ , -_
15, The bark may:bg'comminuted for example to é-finenesg ﬁhich
is characteriSed'by a percolation test. | | ' '
" The percolation test is that for a bed of the:comminuted bark
1 metre“deep the percolation rate-ofjﬁater heated to 9o°c
thrdugh the bed is 1e§s than 50 litres per hour per séuaré.
20. decimetre of bed area. N o
We have found that the bark may be comminuted to a fingneés
having a percolatioh.raﬁe of less thén-lo litres per hour pé:
sQuare_decimeﬁte of bed area. | | |
We have for éxample'refined“Pihus radiata bark in a double
25, disc refiner;lﬁhe'resultant prbduét having a percélaﬁion
 rate of only 0.8 litres per hour when tested as described and
‘being entirley unsuitable for use in th prior art ¢érfouse1

extraction_épparatus.



. [ 4 . X
=31 In extracting the conpoundss fromthe vegetable matter, and ‘as stated ji
B eixgbefore, it i's preferable that the particles of veqetable mat t er be }§
Alated, or disintegrated into- a fine or - particul ate state, the

| es .preferably being up to 4mmin size. During extraction; it is

. prs red that the aqueous solution or said at.|east one -solvent, whi chﬁ
-usual |y. water, incl ude one or mer ¥st=abi | i sing conpounds, such as for -

i Sf(g)r(?ldg sgoﬂ:%rr%'?ul tethSOdJ um bi au %tglsog%#gégg%% Bhl te sul _phurg
prer Bk ad e %%é@aée?e%gim“iﬁ S peeharands Fhsk, e %cgaqon’ =
he gEdedihe ?ﬂé?éiétcﬁe&#%&%# A beaarky m%%"““dioiﬂ 3m
pot 2?2. o) UL G0 FRLEO0RARe DU DA B SR UM WS

sodi g i‘ginff]lr{ &isQdi um bi sul - phite, and sodi um net abi sul phite. In
preferre Qrms ot fhe i nvention, the aqueous solution or solvent wi -

i ncl ude dﬁﬁéﬁ% EREastiBh, | 10doCOTRRIRE HIL | LS. QR Qs MOT €

extraction c LS preferied that during extra and by way of -

exangblutdidn o h@ai.a eaaeléhswoate 5 vaiie, 0 ish S&h Uisoﬁs%ﬁ.?' YRiter At

"Ieast wi.thin the extraction vessel, and if ‘desired duri ng application whi | e -

't heipellude @hd m:weenstaaiahembed:a@m@ aabesnhs lfotr @3:53@1@88

than [err] -
- sodium sulphite, sodium bisulphite » sodium metabisulphite

.sulphur dioxide ’ sulphuric acigd, potassium sulphite, o
' potassium bisulphite, potassium metabisulphite and ammonium
‘ sulphite. . ' N 3 |
| In addition, it is preferred that the aqueous solution .
: also include one or more extraction compounds which can assist )
'_in the extraction of the useful compounds from the vegetable '_
| matter, such extraction compounds being for example,
sodium carbonate, sodium bicarhonate, potass:.um carhonate,
sodium hydroxide, potassium hydroxide, a;mn_onium- hydroxi_de, . N : _'
. amonium carbonate, ammonia, sodium sulphite, sodiu_m bi_sul- |
phite, and sodium. metabisulphite. _ I | o
| In preferred forms of the J.nvention, the aqueous solution
or solvent will include one ‘or more stabilising compounds o
-as well as one or more , extraction compounds .
: It is preferred that during extraction ‘and by way of
<. exa:mple only, the teznperature of the aqueous. solution .or
solvent, at least within the extraction vessel, a.nd if |
desired during application while the mat is on the screen, is
" elevated to above ambient, but to be less than 100°c.



In one form-of ‘the invention, the tenperature is between 40 C and [err] - AL
being-preferably between {err] and 90 C. A preferred residence tine, that - -
Is to say the time duri.ng which the ve%'egabl“e matter is subjected to the 5: >~
aqueous solution (in this formof the invnention .both within the vessel * :
and“en the screen , is up to.approximately 120 mnutes, In one. formof
t hexinvention. however, the extraction tinme 'is preferably l'ess than'.60. = = |
m nutes, 10 The prphesnedfbgmmod’ thiee dnvenitiam, rthel temparatareodisohatwaen.
phenolic-extract resulting fromthe extraction being gtored or gused, and in. '
one form of4gPe andee0Ponbeithg preferablywibetwaenc6lrat 80dpAOoLCt 0 storage
or use, such as by evaporation. Al ternatively, a phenolic extract cgn be -
concent- rated to aArprefierted residence timmscthat isnkoecpayy the time
exanpl e, One preferred nethod of extraction is generally as described and
clainmed in miwmaamepmmmmamo#ﬂm@iﬁggeé. e H9 | be -
appreciated that the nethod and apparatus 20. .of this.inyventi.on, provides
for thebextaguesous sdolutdonl (& Lo % thectPRREBEFOB BB al 5 of

bay k

veget abl e ‘origin, such as the exanples |eaf, k, .root, .stem_se nd .
Bl ossom arwitihin thesvegselyrnd @b iie Mny’\'ﬁpﬂpi &8t %5%%5&3

d
manu-. facture of beverages, pharmaceutical - products, adheslves, 25.. tanning
agents, spi¥2@ mimeseded fragrancesfor exanple. Acc- ordingly, and '

sepending thon e, doLLle ikt B9 U YriRadg HEReRAL. e BRSO
the purposetﬂe_ifgrgn\éieggrably less than 60 minutes, | _ .
_ 10. The preferred form of the invéht_:‘.oxi results in the compound |
| or phenolié ext:aét re'suitj.ng from the ei:ti'aciioﬁ being -
stored or used, and in one .f.orm'of the invention, it is pref-
~erably 'con'c_'en"tra'ted prior to storage or use'; s";xéh as by
evéporation. Alternative.‘l_.y ’ a'.: ph.gnblic- extra.ctcan I_ae concent=
rated to dry solids. N | |
| 5. 'bhesé_ are however by way of example,
' One preferred method of extziaéﬁion-. i_s__generally as
describet_i and claimed in our New Zealand patent spec:”.f_iéation_ |
No. 179933. | N . . - |
Tt will lbe 'appreciai:ed that the method and appa:atus. | _
20. of this invention prov_i'd_es_ for the extraction of useful 'compoﬁnds
£rom a wide -varieﬁy of materials of vegetable 6:;_‘..gi'n,. such as -
the examples"leaf, bark, root, stem._:s_eed and Blossbm; and
that thése usefu_l .compt':unds ‘have n_:a.ﬁy 'aépliéations in the manu-
facture of beverages, phamaéenticé.l_ products ’ .adhes'i\'res‘--,_
25 .. tanning agents, spices, dyéé ‘and ffagzanéeé. for a:ample. Acé« -
B 'ofdingly, and depending upon the z;atni:e- of the us_efui: com= ._ |
pounds and the intended end use th&eo’f_, they may bé suitably
tréated' or modified, for eﬁt‘aimp]_.e , fo'z- the 'p_urpoée of improving -



.. or enhanci ng propertles or to facilitate use,. transportatlon or storage
T .suitable treatnment may for exanple i ncl ude hydrolysis,-either-acidi c e
. aa asic, or a concentration step i nvel¥i ng osnosis, ultra-filtration or

\S\ oration, or other appropriate treatnment. The partlcul ar exanpl es gi ven
2pei n of the use of the nethod and apparatus of this invention, for the-
~extraction of useful ounds from varj.et veget abl e materi al,, narm.ky
the recovePd ephapgi ngogg'e rmsdar‘f@emrg -§ﬂ-ﬁ Pﬁecoﬁﬁﬂﬁsﬁ?& thié%'e I
extracts are usuaII nt ryness, -t he d extrac r.odyc R
powder ofr %aﬂﬁ?’&?g or %?’E& “3'?’3? x%ﬁt%??“?“% PRY gﬁ? pi&ﬂ'if‘@é’ of
comer ce, noI| ubst ance_whi ch_na sed i,n :
adhesi ve a?ﬁgfﬁﬁxggﬂ'aﬁgpﬁ % actf c@chﬂcFﬁg 5:’:#% scﬁﬁﬂ:en-
trate thes cts to d LyLn ray _dr
pr oc_esses BY°£Y§ | gsmogd exti‘?‘atﬁ% ! €€éﬁc€5rﬁvﬁggfgt§;ﬁf‘s Pﬁ/é#%ﬁt

may be so or treated in sone other nmanner as = .
- desired, %‘Eﬁﬁgﬁg%%gpp?g%&%é’&at hat modi fications and " |rrpr ovenents may be -
- made to.this invent %§: éniig] f ugds .

~defined by the appeh 'h?i g?l#sll%p@ ééggigéﬁehéf g?f?ﬁ% usefoq the o
conmpounds %ate%aeaﬁaahtﬁamw off %wrﬁt@egeieﬁedkozsengl axbaddte uding

.the steps preparing a m xture e vegetabl e--matter
' of useful compounds from varieties of vegetable mater:.al, namely

' the recovery of tea, coffee, and Bark extracts, have in common
- _that these extracts are usually concentrated to dryness N the o
dry extract product, in powder or granular form Being for
- example the J.nstant te.a and coffee of comecce, and a poly—
. , phenolic pawder substance which may Be used in adhesive and
tanning applicat:.ons.  Methods practiced in the art to concenv _. |
. ._ trate these extracts to dryness J.nclude freeze dry:l‘.ng and spray
'drying processes for example, and extracts prepared according
“to this invention may be so treated when approprs.ate, or
_-treated in ‘Some oth.er manner as desired, - |
_ o It will be appreciated that modificat:.ons and
~ improvements may be_ made- to this ;‘_:nvention. jwithout departing
-f'rom_ the scope thereof; as _.de_fined-lby; the appended clai:ns.



and at 4 east ore- solvent; (2) allowing said mixture to reside in at least [/,
one* Vessel for a substantially predeternined tine; fter: /

transferring the mxture fromsaid at |east one ves o that ™
a mat or cake is fornmed on said screen, whereby themmnmlﬂnﬂmmﬁparat es
fromthe. vegetabl e phase by passing througlgfai d screenc nos B
recyering the sol vent phase and obtai ni:ng useful conpounds extracted from
the vegetable matter ascaafiMg rate fromsaid screen. 2. A nethod as _
claimed in claim1, whéfern at |east one solvent is applied to said mat ‘or = .
cake -on said scieed méthod ofAestivaectiafy alsdfell compdunds Pfomheedpseantend

cl ai ns, wherein said solvent phase containing useful conpounds extracted .
from sai d veget maltkeryt daisaheredss alefiimed)gt daaad tmettsod clrebiding cisaber
provi ded adjacent said screen. 4. A nethod as clained in claim.g3,.

wher ei n’ a pl ur apiteps2®£3f col |l ecti on chanbers are provi ded adjacent said
screen. 5. A nethod as cl-ainmed in either of the preceding clainms 3 or 4,
whet ei n sai d5screen (3 nPrepagingamixture @f thewegetahle magtern
met.hod as clained in any one of the preceding clains 1 to 5, wherein the
mat or cake is |ess thanaldn@t deagtyone soAventy net hod as clained in any

.one of the preceding.clai 5.1t0.6 erein the nat_or cake is between
8mm and 30nﬁ1in g(%) agiowing said ﬁ%&ture to régﬁde in at least

o one vessel for a substantially predetermined
tj_me'-j : S . :
10 (35'Ehereafter'tiansfefriﬁg the-ﬁixtﬁre fro# said
| at least one vessel.to'a séreén so that a
mat or cake.is'forméd'on'séid'sbreen, whereby
'the_301vent_phase se'parat_es' from tﬁe végef.ablé
phase by passing through said séiéen;. |
15 - (4) recdvering the solveht phase aﬁd 6btéining.
| useful compoﬁnds extracted from thg vegetable
matter as a filtrate from said screen.
2._ ‘A method as claiméd,in-claim.l, wherein at least one
solvent is applied to said ﬁat or céke'qn said screen.
20.3. A method as'claiﬁed in either of the preceding élaims,
| wherein said solvent phasé'cqntaining’useful.compbunds
extréctéd froﬁ said vegetable maﬁefial,'paSSQQ into ét least
one collection chambe; provided adjacent said ébreen;
4. A method as claimed in ¢laim 3, wherein a plurality
25 of collection chambers are provided adjécéﬁt_said screen.
| 5. A ﬁefhod as claimed in either of the préqediné'claimé
3 or 4, wherein said sckéen iéimovable, relative to said

chamber(s) .



8. —#rﬁethoﬁ“§§_ETETﬁea I n any one of the precedlng cl ai'nms ‘wher €i n

.. squdr e deci ercpey MWour : A nethgg as clalned in any one -of the °
‘precedi ng cl ai ms, wherein the veget abl

- having a particl 40y 0 Qne. Cied
" the precedi nég' cl g“.ﬁ"'sé@’i@ﬁ%%?a sal dlgtaﬁg %'go%efas gr#é%d%t%]f A
met hod as cly | e NggC e t Ieast
one sol vent |s€%cekat3'z oegﬂfgrgr%eélgtgu&rag ggﬂkegg th'%ggsﬁ‘ghcl T%&% ck'rrrgt hod as
cl ai med 'n‘déﬂﬁﬁ of . the preceding claims 20 10 and 11, wherein the

" tenperature o ai'd at |east one solvent is. between.400C and 900C. 13. A
method as’ clpj medy iMe@iyd 08¢ &f aiheaPifcaayNene! dieMihe\peRidasle dRsigence

Ctime (as herein defined) for contact- ing Said vegetabl & matter "and said at
| east ong sdl weNte ] sriéretn tEhd Aati out eakelds Beftweddd sifn @l NBUHm iae! aim:

13, wherein the residence tine is.less than 60 m nutes. 15. A nethod as -
¢l ai med i n dwptine of the preceding clains, wherein the vegetable matter is.
cof f ee beans. .-36- 16 ‘A'nethod as clalned in claim15, wherein the:

cof fee bean§ arel rmqﬁmdoaﬁk ac.'baimed] J.haanylgoaepaft rl:hlee pmemd:.‘fng eslainsan -

.vay wherein the particle sxze of the vegetable matter is such’
'tas to enable solvent to pass through sald mat or oake at a
" 10 rate of 1ess than 10 lltres per square declmeter per hour.- ;.
9. ' A method as clalmed in any one of the precedzng clalms,
wherein the vegetable matter 1s in partlculate form hav1ng |
a partlcle s;ze of up to 4mm.
'.10. a method as clalmed in any one of the precedlng clalms;
15 wherein said at least one solvent is heated
11. Z&method as clalmed ln any one of the precedlng clalms;'
.whereln said at least one solvent ls heated to a temperature.
of less than 100 c. | _
12, _A method as clained_in either”of the preceding claims.
20 10 and 11, wherein the temperature of.said at least.one
solvent 1s between 40°c and 90° . '_ | |
13. A method as clazmed 1n any one of the precedlng clalms,'_
whereln the res1dence tlme (as hereln defined) for contact- .
1ng sa1d vegetable matter and sald at 1east one solvent is
.25 up to 120 mznutes. f' | . _
14, A method as clalmed in clalm 13, whereln the- res1dence
_'tlme is less than 50 mlnutes._ |

-15. A method as clalmed in any one of the precedlng claims,

-wherein the vegetable matter is coffee beans.

optN). .
darticle u“Mg table matter is such' as to-enable sol vent to*
X througilm‘ “‘“5‘“\ at a 10 rate of less than 10 I|tres per .

matter is in-. partlculate form -~



" than 1rm - 18. A nethod. aseclainmed in any one of .15 to

17, werein the coffee beans are processed to rec tion.
1977A nethod as claimed in claim18, wherein the. aﬂﬂﬂpﬂﬁmnug iﬁmon i s
recovered by treatnment of the coffee beans with Ii eam -

beipg col | ected and: condensed such that +Bé=aronatic fraction is contained:
“in condensate form 20. A method as clained in either of clainms 18 and 19,
wherein the cdféee hepeshadcasredaimed ih kladms lSanvbhensin therceffeag,
contact with said solvent. 21. A method as clainmed in any one of the
precedi ng cl aibmans t@remnma:'einulatevégyunbhévm & partigle size ‘#
method as clained in claim2l, wherein the bark is in a green or. :

- substantial | y kpagerthamd#®Ren (as defined herein). 20 23. A nethod as _
~claimed in- elther of cl ai 21 apd, 22, wher e solvent udes at

| east one stabts SIA‘IQP% uﬂﬂ claimed f‘rﬁ'tﬁg&lg's I'al"'ili‘ﬁfq:"ﬁ‘afﬁ’gpcﬁ’%rﬂ clee
precedlng cl ai.ng: 21 to 23 ere#ﬂﬂthe sol vent includes at |east one. -
extraction %o d as clained in -any one of the pr ecedi ng

'ggﬁbﬁnﬁlaﬁgrﬁweéﬁi %V{ﬂi 'xg?;%'f%ﬁ%e%oaﬁﬁ' S5° o RS A Y
clalnyl SUbSPfgntéuly qﬁhgﬁéfthEEOEnggécEEQSQ are processed to . recover

aromatlc fractlon.

17. A gethod as clalned in claim 16, wherein the particle 5 size is |ess’ (%E;

19. A method as claimed in claim 18, wherein the a:_:omat;i.c

'16.fraction is_tecovered.by treatment of the.coffee'beans with
live'stéam, said steam-heing collected and-condensed snch.-'
that the aromatlc fractzon Ls contained 1n condensate fonm._
20. A method as clalmed in elther of claims 18 and 19,
Wherezn'the coffee beans are treated with live steam-before"

15 or during, contact with sald solvent. | o

| 2l. A method as claimed in any cne of the preceding claims l =

to 14, wherein the vegetable matter is bark.
22.- A method as claimed in claim 21, wherein the bark is in a

”_green.o: substantially green condition (as defined herein).

20 23. ' A method as claimed in either of claims 21 and 22,
wherein the solvent includes at least one stahilisi’ng compoimd. .
24, A method as claimed in any one of the nrecediné claims '_
21 to 23, wherein the soltent includes at least one ent;action :
compound. ._ | |

25 25. A method.as clalmed in any one of the precedzng claims
:21 through 24, wherein the solvent anludes at. least one -

E stabiliSLng compound and at least one extractlon compound.
26. A method as clalmed in cla;m l, substantlally as

herelnbefore descrlbed. )

1'he text of the sp-d.ﬁ.ca.ﬁ.m has been reproduced by photoeop:ing the spplicants ozig.ul
typescxipt. It may contain a few azendments which axe difficult to read. - The oxiginal
typescript containing these anendments may be inspected ca the premises of the Patemt Office



