WO 03/097231 PCT/ NLO3/00350 Title: Method for drying a product using a
regenerative adsorbent The invention relates to a nethod for drying a
product usDrg/0gr23r egenerati ve adsorbent, nore in particul CTINL030EH0 a

met hod which can be <carried out in an energy-saving manner. The invention
also relates to an apparatus suitable for carrying out such a nethod. 5 A
nmet hod for drying water-containing products using an adsorbent is, for

i nstance, described in WD A-00/02822. According to this known nethod, an
adsorbent in the formof zeolite Ais brought into contact with the watery
subst ance to beliglet ethid b drRinga preguatoising mstegbpexhding adsedbentl/ or
preheated. In this nethod, the zeolite adsorbs water fromthe substance,

10 whil e adsorption heat is produced, so that nore water evaporates.
Subsequently, the thus obtained dried substance is separated fromthe
zeolite, and the zeolite is regenerated by heating in an oven. A drawback
of this known neThednvéntidatelabed fiea heghoéfat doyingteeproalucs ubitgat i al anount
of heat nust be supplied to regenerate the zeolite. The sent
i nvention cmgeanmiav@a derrbenti mgraihBariH %FO arsh ﬁgnath%WB caghbeh can

be carried out n._ener savin nn f the
regener at i offg feé‘p()lll D P ﬂé’&gyo ﬁ?lwlﬁg i n%nﬁ% upe r%{e}li?}g gl%ghel g%&'&gt%]ﬂ%aﬁ
advant ages %ﬁ@%%ﬁb@ﬁﬁabiéﬁﬁﬁeéa%ﬁngtdm suh@s@ethédivention relates to a

met hod for I'ng a product, conprising the 20 steps of. - bringing the
wet product int oAcmatlmzi fowdrlsrmglwatti@@cdmmnln@alr@ducf@elilﬂiggtaéilk@dﬁoéigem?tﬁm t he
product by the adsorb nment,i oned, ;adsor bent

super heat edf Oéftl@é?ﬁncesg {)%%85%{&8?? rds i HERAPOSa Mg P%ast a

part of t hea%%dgg%én%rﬁqh\é%% of zeolite A is brought into contact with the watery
substance to be dried, which may or may not first be dewatered and/or
preheate&. In this method, the zeolite adsorbs water from the substance,
10  while adsorption heat is produced, so that more water evaporates.
Subsequently, the thus obtained dried substance is separated from the
zeolite, and the zeolite is regenerated by heating in an oven.

A drawback of this known method is that in the regeneration step a
substantial amount of heat must be supplied to regenerate the zeolite.

15 The present invention contemplates providing a method for drying a
product which can be carried out in an energy-saving manner.

It has been found that if the regeneration step is carried out using
superheated steam, a number of advantages is obtained. Therefore, the
present invention relates to a method for drying a product, comprising the

20 stepsof:

- bringing the wet product into contact with an adsorbent, water
being taken up from the product by the adsorbent;

- regenerating the mentioned adsorbent with superheated steam,
steam being obtained, which steam comprises at least a part of the

25 mentioned water.



WO 03/097231 PCT/ NLO3/00350 2 The wet product nmay be either a final
product to be dried, such as foods, for instance starch or carrots, or
chem cal wowmdwegt2st for instance pignents or cellul ose dePCratLogessand

sl udges, which are mxed with the adsorbent (direct drying); or a wet gas
streamoriginating froma previous 5 drying step (indirect drying). Wth
the nmethod of the invention, inter alia a product streamof steamis

obt ai ned, which stream conprises the water renoved fromthe dried product
by neans of the AHsordfaroduat may hoerrher adtadmrodrct wper duiet. sahans age i s

that this steam str.eam can, be.enpl oyed for, the purpoeses 10 .conventional in
t he (agro-){ﬂ‘)gﬁ'etz)g IP%’SCF%?J‘% ?%g?tﬁnglédﬁ%rpl é)trgﬁlé&% TIRRACE St ance
for the re {(g%éﬁﬂs%} ®lRNosd d&ivdidvdd P ShEREL Shed i mixst 3R tisd r eam of
5 bara/ 160 slightly superheated), this streamnmay first be superheated
to the desiaésbrbenpédiatetrdryifigy oi asveingas 060N Gupwadunenirby, a puevibushi s

super heated _steam the regeneration step is carried out, while the 15
terrperat%redﬁflngﬁée%?]@éiﬂqcélﬁl%mtgéy for instance, 160C. Because the water is

rel eased 1 rom t oy ASALBENG JibHE ihOLIOL 155ak LioRTBNBkoRln 5 eam

obtained with this reﬁease part 1 ncreases. I's ‘'manner, therefore, a

st eam st r eagic@im 1SV bd&which tbéanrwehpriduscihel wateraeniovetdnaa, thk05 wt . %
of the original ingoi ng steam stream This steam has sufficient energ
y

content 20drigdiodnph by aeeansseliheradspehenirigddedormfirbe g AR impeLsasks.

Wth special ;advant a .invention can. hbe r | S sStream
ori gi nat | ngale%%aﬁedgfyPﬁg%@tse%?a%% eearnébﬁgyb[fer %%?goﬁeglv\go? fgi;{r%g?% ?Jsg% drying
step. Ty s esBRFitIBHY] ihSheahbicPratdds induba! foriihstameabahuatingSENS | ve
products, such as specific foods, nust be dried. According to this 25
enmbodi nent , indtentebu the wigheergiiausie, the bartmgstenn Hireaghs a sfieatont act

stream of 5 bara/ 160°C (slightly superheated), this stream may first be
superheated to the desired temperature, for instance 300°C. Subsequently,
with this superheated steam, the regeneration step is carried out, while the
15 temperature of the steam falls to, for instance, 160°C. Because the water 1s
released from the adsorbent in the form of steam, the amount of steam
obtained with this released part increases. In this manner, therefore, a
steam stream of 150°C/5 bara is obtained, which is, for instance, 105 wt.% of
the original ingoing steam stream. This steam has sufficient energy content
20 to be employed elsewhere for process-technological purposes.

With special advantage, the invention can be used for drying a gas
stream originating from a drying step, preferably from a low temperature
drying step. This embodiment is particularly suitable if temperature-
sensitive products, such as specific foods, must be dried. According to this

25 embodiment, the food or other product to be dried is brought into contact
with a suitable gas, such as nitrogen, or if the product allows it, air, at a
suitable temperature. The temperature must be selected such that, on the
one hand, effective drying is obtained and, on the other hand, the food or
other product to be dried does not undergo appreciable thermic degradation.

30  This product temperature is typically 30-90°C, for instance 60°C, for drying



with a suitable gas, such as nitrogen, or if the product allows it, air, at
a suitable tenperature. The tenperature nust be selected such that, on the
one hand,wefiBegnsrve drying is obtained and, on the other remiNLOB8W@56 00d or
ot her product to be dried does not undergo appreciable therm c degradati on.
30 This product tenperature is typically 330-90C, for instance 60C, for
drying WO 03/097231 PCT/ NLO3/00350 3 starch. O course, this tenperature
differs per case. Thus, the nmethod according to the invention is also very

sui tabl e f ostaiche L coysa Fhis trmperature didfars pdu case.chipes, dhameetihydi cgl ly
rangi ng between 40 d.-10C. The lowte rafure drying step can be

car ?i eg out aicﬁoﬁgqﬁ%gﬁo gﬂ? ) rhbsp%lﬁgyggégﬁgagiea It dreeget X%n%ﬂﬁqda‘%c@?

i nstance i NtBe&R@bAHE: t S0t 1 ' j t gagods then
brought into ggﬁt act wt tahe a so?a}ogﬁﬁﬂﬁ\%g{%?%%g?ngﬁ%gg 3]63 (IT:'r omthe wet

gas by the adsor 8 loanteraperatuga sryisigrstamcheibegarbiedi vt dndgaivin pebiseh dry
gas stream can be a e |ow tenperature drying step. The

e g
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dried with avateebeies edliercupdenn hbotwetc¥Inf gtk A@sdibbROLAL d 8, Faed or
ot her product to be, dried directly into contact with the adsorbent, is

that the adsbiesanbeiebtsoned sepim, ydpsh s gasrstrmarheandedaiedagen in
product), ol SRS ST BISRRA Rsad B 2 apl Lt vhen
oo e, Sesusta sy e 6 4l SascRasm L euOnL et 10 (1,
gas i s obtained vin adwantage of this embodiment, in which a wet product is first
dried with a gas stream, after which this gas stream is dried with a
regenerative adsorbent, compared to bringing the food or other product to be
dried directly into contact with the adsorbent, is that the adsorbent need not
15 be separated from the food (or other product).
It is particularly advantageous if the embodiment is applied when
freeze drying products.
It is particularly advantageous if in this embodiment the step of
bringing the wet gas stream into contact with the adsorbent is carried out
20  under such conditions that in this step a dry gas is obtained with a
temperature suitable to be directly applied in the low temperature drying
step, that is to say without first needing to cool or heat this gas stream. To
obtain a dry gas of a desired temperature, process factors, such as
temperature of the adsorbent, ratio of g,d_s’birbent to wet gas and contact
25  time, can be varied. It is noted}theﬁ'; throughthe released adsorption heat
the gas heats up. N o
Also, it is possible to*apply a combination of direct and indirect
drying, as indicated in Fig. 1. In this figure, the product to be dried (1), for
instance a slurry of lactose, is introduced into a spray tower (2) via a

30 sprayer. The drying medium (for instance nitrogen) circulates



tenperature suitable to be directly applied in the | ow tenperature drying
step, that is to say without first needing to cool or heat this gas stream
To obtaiwoasdei3gas of a desired tenperature, process fa®ComMd03/8e8M as
tenperature of the adsorbent, ratio of adsorbent to wet gas and contact 25
time, can be varied. It is noted that through the rel eased adsorption heat
the gas heats up. Also, it is possible to-apply a conbination of direct and

t
aried (1), FOPErelshbE SRl By sbisesd el b fivate P Ra spray
tover (2) Viffe@edOTHBNANEdryid; %Hmhmm@i&&&%&h%@%ﬂh&r%en)
circul ates WD 03/097231 PCI/ NLO3/ 00350 4 countercurrently with the sprayed
slurry, so tidicated {Thetthawsyihiginstdewet adsabeat iedriedy skeamgmygidegeribddum i s
then dried vi)a an adsar hent (béll])él as. . i ndi cated. _The thus obtai ned wet
adsor bent | 8PQYS ey Rq1pg pbtainedehichiomprisiside ®atedm bei ng obt ai ned
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may, if desired, subj ect to a second drying accordi’ng to the

i nvention, babjsbtechtd 4 second &ring ssé@acerdinigaedths inveationhat wadsloitbrnt (7),
as indicateq in Fig. 1.,  The . dried product is then separated fromthe

adsor bent (1OF InstanGen 1ixAd avigl angsheradyorbert (Mgavindenied inebig: dt The
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product st r aamdsDf digviabloidthek sepriehioRr ReHAiqueldsr kb6 elip&@neBs amgIs t WO
drying steps according to the invention. As adsorbent, the conventi onal

adsor bt s gtep, Beweppirean offadampbent istdhdnisid, arick; 44 descydled alutviey &t ed
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has therefore undergone two drying steps according to the invention.
As adsorbent, the conventional adsorbents may be applied. Examples
thereof are silica gel, activated alumina, activated carbon, carbon molecular
15 sieves and zeolites. Preferably applied is an adsorbent which comprises a
zeolite. Surprisingly, it has been found that in contrast to what is generally
assumed in the literature by Ruthven, D.M., 1984, Principles of Adsorption
and Adsorption Processes, Chapter 1.5, John Wiley & Sons, New York, no
degeneration of the zeolite structure occurs if this is brought into contact
20  with superheated steam of temperatures suitable according to the invention.
At very high temperatures, degeneration of the zeolite can occur. For this
reason, the temperature of the superheated steam preferably ranges
between 100 and 450°C, with more preference between 150 and 400°C. With
special preference, the adsorbent applied is one or more zeolites of the 3A,
25  4A and/or 5A type.
Because according to the invention the removed water is obtained in
the form of HP/HT steam, a substantial saving in the energy cost can be
obtained, which can rise to as much as 70%.
As stated, the obtained HP/HT steam stream can be employed for

30 different applications, such as heating purposes. Also, it is possible to return



zeolite. Surprisingly, it has been found that in contrast to what is

generally assuned in the literature by Ruthven, D.M, 1984, Principles of
Adsor pt i owo oane728dsor pti on Processes, Chapter 1.5, John WPCENL&3/B3I6, New
York, no degeneration of the zeolite structure occurs if this is brought
into contact 20 with superheated steam of>tenperatures suitable according
to the invention. At very high tenperatures, degeneration of the zeolite

can occur. Fo hi r a Lhe t ature.of . the superhgated stea
pref erably raaé%}ets()fscggto{%ggeﬁl%fv%e%ﬁd %é,’ %‘\;H\-ﬁe{ flf%%lpg’ %g%fneﬁoe eemﬁ@%ﬁélgﬁ] 150
and 400C. Wit en&ﬁ%ﬁirﬁétegrf@f s &M atinBahadsiRbPeit. appl ied is one or nore
zeolites of the 3A, 25 4A and/or 5A type. Because according to the

i nvention the rerbvenpaptias fos cahyang edt armethiod dFesprdiog tePhEinserton a
substantial saving in the gener .cost can be , obtained,.which can rise.to
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regenerating the adsorbent. An apparatus for carrying out a nethod
accor di ng t dReREONeRYBIRLHN  conprises a space for bringing a product into

dvorbent. it Uity RRetupEih bR oBpBBTTR: yink ARG LT TR b

conpri ses atyerg¢asitadlpapplied fohéryiagibodyedstertiae. mdteaidlougnthedsod an be
applied for drying different products. It can_be _very suitably applied for
dryi ng 16odsndusyvasucihgsnigr anstanse] starels staeah derivaidves pyoteingands, for

I nstance, Stf'fbre(i"rs1 ’orféiggﬁ?lgq%éﬁlvs%gi‘%e-gdnt%h%tnegi c@gpsa} nd
The invention can also be used for freeze drying products, in
particula;' foods. With reference to Fig. 2, the freeze drying of a product such
as, for instance, carrots, can be carried out as follows.
15 1. Steam drying
During the first phase, both the adsorbent (for instance zeolite) and
the carrots are dried. This can be done in series or parallel. The carrots are
dried so far that the texture of the product is retained. To retain the quality
of the carrots, it is important that no air is present in the system at the end
20  of this phase. The pressure during steam drying is atmospheric or less.
2. Vacuumizing
By condensing the steam in the carrot vessel, a reduced pressure will
be formed. As a result, water will evaporate from the product, so that the
product dries further and cools to about 20°C. By cooling the zeolite vessel, a
25 reduced pressure will be formed here as well.
3. Freeze drying
By mixing the carrots with the zeolite, a deeper vacuum will be
formed, so that the water in the product will freeze. The frozen product will
still be dried, the sublimation heat is supplied through the adsorption heat
30  of the zeolite. The zeolite thereby remains at about 20°C, so that the high



fibers originating fromstarch-containing crops. The invention can al so be
used for freeze drying products, in particular foods. Wth reference to
Fig. 2, tweonegrsde drying of a product such as, for instaeEaNLIZar3sets, can
be carried out as follows. 15 1. Steamdrying During the first phase, both
t he adsorbent (for instance zeolite) and gthe carrots are dried. This can
be done in series or parallel. The carrots are dried so far that the
texture of the product is retained. To retain the quality of the carrots,
it is inportadsorpiian capagity is lsetpmeﬁedf reqmrwb esyetrsrhcaplinger dredtingOmay t hi s
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product, so that the product dries further and cools to a
cool i ng t he medhbit.e vessel, a 25 reduced pressure will be forned here as

well. 3. Freeze drying By mixing the carrots with the zeolite, a deeper
vacuumw || be forned, so that the water in the product will freeze. The
frozen product will still be dried, the sublimtion heat is supplied

t hrough the adsorption heat 30 of the zeolite. The zeolite thereby remains
at about 20C, so that the high WO 03/097231 PCT/ NLO3/ 00350 6 adsorption
capacity is retained. If required, external cooling or heating may be
effected to maintain the tenperature. The anobunt of needed zeolite can be
cal cul ated on the basis of the anount of noisture to be renmoved fromthe
product. WD 03/097231 PCT/ NLO3/ 00350



7 CLAIMS 1. A nmethod for drying a product, conprising the steps of -
bringing said product into contact with an adsorbent, water being taken up
from t he womdgn3by t he adsorbent; regenerating said adsoPo@mMLI3NE30

super heated steam steam being 5 obtained, which steam conprises at | east
a part of said water. 2. A nethod accordirng to claim 1, wherein said
product is a gas stream originating froma |low tenperature drying step. 3.
A nmet hod according to any one of the preceding clains, wherein said
adsorbent conprises a zeolite. 10 4. A nethod according to claim3, wherein
the zeolite is of the 3A, 4A and/or %Adpm . 5. A method according to any
one of the preceding clains, wherein sai Obt ai ned steam has a tenperature
of at least 120C. 6. A nethod according to any one of the preceding clains,
wherein said 15 obtained steam has a pressure of at least 3 bara. 7. A

nmet hod accoddi ngAt weblhgd éneduying Rerpducte dpmpriding he stdnsrafi n the product

one. of the - precBUMENE FAHR T io PR CIRCE pls T BePRGTRE P BPBduct
into cont acgak@[puwif}&n%egq%gﬁ@gw th@ads@berace for regenerating said
adsorbent wi th superheated steam™ st eam bei ng obt ai ned, which steam
conpri ses at | eas¢generpbimtg ssid sdisorbeat avith superheated steam, steam being
5 obtained, which steam comprises at least a part of said water.
2. A method according to claim 1, wherein said product is a gas stream
originating from a low temperature drying step.
3. A method according to any one of the preceding claims, wherein said
adsorbent comprises a zeolite.
10 4. A method according to claim 3, wherein the zeolite is of the 3A, 4A
and/or 5A type.
5. A method according to any one of the preceding claims, wherein said
obtained steam has a temperature of at least 120°C.
6. A method according to any one of the preceding claims, wherein said
15 obtained steam has a pressure of at least 3 bara.
7. A method according to any one of the preceding claims, wherein the
product is freeze dried.
8. An apparatus for carrying out a method according to any one of the
preceding claims, comprising a space for bringing a product into contact
20  with an adsorbent; and a space for regenerating said adsorbent with
superheated steam, steam being obtained, which steam comprises at least a

part of said water.



