;e3ec $(T86NTDI8 WD 99/ Gr320 -1 9 M-' ~R 2003 PCT/ DE99/ 00975 Process fog
!produci ng a pol yvinyl alcohol gel and a mechanically highly stable gel
produced according to the process The invention refers to_g1sr9ﬂRSﬁm§or
produci ng a pol yvinyl al cohol gel The invention also refers' to'a
mechani cal ly highly stable gel produced according to the process. It is

wel | knowwihae/623dout i ons cont ai ni ng pol yvi nyl al cohol (P\YQT/DEyonmonsr e

vi scous when left to stand. It is also well known that PVA solutions can be
converted into a gel if the solution is frozen and subsequently thawed (FR

2 107 711 A) However, gels formed in this nmanner have a relatively |ow
strength. prbedss f ppOduUtEMpIINIRAH ARoRT J&I HRi7a RechaRichiy llﬂgﬁlytsﬁ%leséeg engt h of

PVA gel s . i ncreased by carryi'ng-out the treezing and
t hawi ng p%gﬁ&ggg% (gééféeg{ﬁgjg?éeg‘ht preferably repeating it two to five

times. To this end, a PVA solution with a degree of saponification of > 95

nol % butThHeligfeptiakteferto @rdtebs 4 picdubiigd -poliBiyHaBsHol EEINMPRE Alvbrifonldigs t for
freezing the solution is -3 degrees Cel sius, 'thé cooling rate can be

bet ween 0 refersgozonenbgnically highly stakle gel pratiunet @ccartiog td1twi prgeesat e bet ween 0. 1
to 50 degrees Celsius per mnute. The PVA that is used nust have a degree
of polynerization of at |east 700. The concentration of PVA in the solution

shoul d be IPMQﬁellﬁcn‘&ﬂvn%ﬁ%@ldti%nPE&TtﬁﬁiﬁE‘p}élybﬁkMﬁ@dhoﬁ(Wﬂ) BetoWe:mBre ThieolRVA gel
produced by repeated freezing and thaw ng has a good nechani cal strength

and a hi glwheatleft tocoandefitis alsbivetl kinewnshat tP3 A ecluttarsrcan bel eonveeteth ano egel it r ess
The gel produced i.n_this manper is hjghl | ast | non-toxic, and can be
used i n miRgSOlHAR it fopeand syaseaneniivibfyed GRAIVET HeA) JisveiE adhiomiftes and
mat eri al s j¢afs RenRHSE ﬁx%lattib@y@&‘\b stréhgyfiCr ease the strength, for instance

gl ycol, glycerine, saccharose; glucose, agar, gelatine, nethyl cellul ose,
etc. The adm xture of agents such as heparin permts nedical applications

:“hB {Baiohnprnationsh el RS 1) et gimrather VA wlieecel bo- e
N ory e isShiBisct By ChaAhEoB b BeRRhe Bld r BRE ALY BB SlE WA 1 s ps
4 663 358 prefatablgdebeatngit ganits fisotimentT ths énbea PYUesligignobivtva dedresof ut i on

| owers the freezing int of the salution This prevents the water from

0 h
freezing aepqgaﬂcravwwf 2P SIS PrsésTanly of B8 Boh e ésused! Thauppepieaterayey
appr oxi ”a‘iiﬁlityfo' ﬁ%] hggéluﬁ?ﬁ ' -4de F&E%efs&%,%@go&ixg%% ARTRIERGRHS 1BRd
transpar en gef e 10w ge 1 ng teﬁper ature 1s use or creati ng corrpact
grai ned gébslegieehCelsiu per rinuteNerithnviagirats bewvegh 0. IRoEUdEgres RéRgeles usi ng

the freezing nmefhod is conplicated and tinme consum ng. DE 43 27 923 C2
di scl osed THIEE-oHsY Ayhatns eed pyast Baves degreernd pelhvansueaiipneliah &gt 109 A8 t he

‘ . ' i . . ' . ¢
09 mol " angeAa aior¥ PEARUE kR phitid BRoWir P aRiE S SRSy ©
groups, aagebb wngs OfhetIieA Beiprodiced dyaepdatedetteting aadpiemdighas gdodve 0

degrees Cel sius. However, the gelling process takes several hours or may
even requimeshanicahsterngtioans 2 kighmatps cpetentowhish ismaiptaiadreyen gndar degchanicabnsur e

that it i §tr%J;’Fk?aréelllf ];ac'%dﬁilfgcp 1tn| tXitstn?anRérrrg%/ h%gl,yfe:ljalts&ii:,sr}oéi?tngi%c%r;[docahrﬂ)% u%% igr

subst ance: e of thi's S ntageou
pr oduci ngn{aayggplfwmmg§arﬁ&ulﬁﬂrseing@édi@hggstance. Therefore, the purpose of the

present invention is to be able to produce the PVA gel
Various substances and materials can be added to the gel to increase the strength, for
instance glycol, glycerine, saccharose, glucose, agar, gelatine, methyl cellulose, etc. The
admixture of agents such as heparin permits medical applications in which the active agent
is continuously and evenly released from the gel over a period of time. In addition,
microorganisms and enzymes can be mixed with the gel in order to create a biologically

active system
TLo0l00"

I AR

FOONNNI*




substances sinply and quickly, as well as inproving the quality of the gel
‘'substance as nuch as possible in this process. Based on this objective, the
process for producing a polyvinyl alcohol gel includes the follow ng steps:
a) Use of an aqueous pol yvinyl alcohol solution with a dedr@eMAR ZBﬁﬁr ol ysis
of > 98 nol b) The addition of an additive that is dissolved in the
aqueous pokyyedygi3zxl cohol solution and forns a separate, fpid¥EhY.99/09b54 but ed
and aqueous phase after concentration of the solution c) Dehydration of the
aqueous solution to a maxi mumresi dual water content of 50 vt % in order to
cause the phases to separate and hence the pol yvinyl al cohol to gel ~1 9

redi um P BEUS B0 FUSHDr PG noi o Pl SralB XM BB R Rl o

permts tholugeh lawgs the ﬁtda@ngpbwbmb sélution OFhigpretents-the weit &l frath frdessg &t room
tenperature or even higher tenperatures The addition of the water-soluble
addi ti ve #6Uing éavenenatpees belawry0deansey Gelsiun poeferahly anat@mmatélyuﬂ@ degrpesa finely

A D T e A

wat er - sol Yghgeraded ltsw@i fof Brth®Sy Conipadt SldmeR I3as Qvith iEfididhimedhdnidaNsteeng ey Y
short period of time a respective proportion of water is renmpved through

the phase separ atl on of the PVA phase; vvhereby a gelli ng of the polyvinyl
al cohol i hi nt ageo f the oluble additive has
an anity ?(5 @5 REr a’% gF]téélélf’g@Beh@ L%E%d {Sﬁg{npgﬁf\@?cﬁ%n " THEYBUR phase,

whi ch is under-supplied with water dur| ng the gelling process, subsequently
absorbs water during rehydration, whereby the elasticity and nmechanical
strengt h &IE ¢ha7 PYACgelisclosed arprawssobwmlhh)BNArWaslim@rodwegexhﬂhbng;smgt has

been shown that.a certai u f electr.ol es J mthe a us, rehydration
medi um r ed L?esez'n,g pé°W§l%’r a‘"’gllS Y&%‘?F “t“ﬂg‘ #ﬁ&“’gee? hyEEPl)fs?Fa‘fet% §|9e %
rehydrat i giq bhadiRgly aREAGEOHRI e SRt hhRomRbueols ORPOMRHCEr s, IR0 ina
saline solution.” The process according to the i nvent i as the advant age
that it p@MA can iemehipretiataeiperanfesRioveeidegicehCelsins. ikmyevshahe gellinge wi t hout

using co Ilcate roce ses articular hout, a freezi rocess and
W thout BRI oy BL Gl st S gnid S omH sEaRpeeChrEIoy SEBBBm cal

product i oo iff Xﬂegf'd erlsSreRARSH Q'cﬁred-ghﬁ'lc%h SHPRIVARGES s £ g Elo t he

invention are also characterized by a gh el asticity and stabi |ty, in
parti cul alsulisenmse IBuesthe aatgteof thinchatimd, itiis disahandgens foi prodadioghargey superi or
to the PVA gtistap produced in the traditional way The stability and
el asticity fmttsﬁ ﬂ’gﬁtag%stances are further enhanced by using a
resaponi fi ed aqueous PVA solution in the production process

Therefore, the purpose of the present invention is to be able to produce the PVA gel
substances simply and quickly, as well as improving the quality of the gel substance as

much as possible in this process.

Based on this objective, the process for producing a polyvinyl alcohol gel includes the

following steps:

a) Use of an aqueous polyvinyl alcohol solution with a degree of hydrolysis of > 98 mol
%

b) The addition of an additive that is dissolved in the aqueous polyvinyl alcohol solution
and forms a separate, finely distributed and aqueous phase after concentration of the
solution

¢) Dehydration of the aqueous solution to a maximum residual water content of 50

wt % in order to cause the phases to separate and hence the polyvinyl alcohol to gel



1 9 MAR 2003 WD 99/67320 PCT/ DE99/ 00975 Pol yet hyl ene gl ycol is a preferred
rwat er-soluble additive which is added az a concentration of 4 to 30 w.%
preferably at 4 to 20 wt % and nore specifically at 6 to T6 wt Cel |l ul ose
esters, cellulose ethers, starch esters, starch ethers, poly§l MAReZ20839! ycol
et hers, polyal kyl ene glycols, |ong-chain al kanoles (C~HzZ"+, OH where n > 8),
sugar estewp agyg7sugar ethers are other exanples of possi Qjiceragtiolgoees. A
particul arly advant ageous area of appligation of the P VA gel substances is
their production as biologically, physically or chemcally active
substances, i. e. incorporating biologically, physically or chemcally
active material in the PVA gel. Thus the PVA gel is superbly suited for the
production of chem cal or biological catalysts, for instance. The

dehydrati af) dlehytmtianoéthepoboinyt aloohd! @ art figepuy pediemof phase separation and
the associated gelling is carried out until a maxi mum residual water

content of 50 w~t % is reached. Alower Iimt for the residual water

content i : 9 : | . .be ely
Fehydr at cabte Mg AREERURS o Sallfy B PRl BERS L LRELSREROELRY (e
resi dual viidohol wigilh eéMerdl niipsted &l rovmap@persiui@betwén hikbhef teipesdtsiebemause any
i ncor porated biological materials can be danaged if the aforenentioned

resi dual \eddidien ebrhearater-splutinedditiveandppasanirgiouby evapgeatipnof theewstesi dual

wat er cont i S t a1 30 W ..% hydr at,i on_can conveni ently. be
carr1 ed oubaits e B RGP tplaiet, Bri R oG ORI bk o
t enper at urperibd of fi@e daGPLHS PSOA EhasenAlpﬁereqmsifka@Itﬂaﬂm WatBl-4olfdé hddiive .
especially portions in which there is only a small proportion of starch in
t he sol ut ic6egtasH };ydrqqscw%@r,,SOithatiwtmrda/aﬁwag@r@mrl@dwmm@atrme@bﬂemwmm@nt 0 a
hard surf Ln.such t.h he diamneter. of e.drop.is.at |east .tw ce
that of ¢ RERAT TR R HESR® ohiR s Pep b et a8t g
the sol ut itRpdIifyl AlchREIMS adkidved. & @AddvRstagedds h&WaREIsalubleAdHIivE hadin even
filmlike shape permits evaporation to the required residual wat'er content

wi t hi n sewdimaly teiwatar @t leastoomipasblertoghatiof thePS mi nut es An accel erati on of
t he dehydration process (and, therefore, the gelling process) can be
achi eved by carrying out dehydration in a drying oven at a higher

L emper at umhe Py pfus\i80 R0 AR PRAn BT UERR ORSRSnpfoseal | ne-ol ut on

used advant ageously for rehydration preferably contains yval ent ani ons.
The pr ocessbsaguantlyiabsprivowatieedunmgehydvatians whareby thel edastipitinandamectgeiodls f or

i rmobi i zi i 0 i |y, .active terial in that jt is,extraordinarily
gent e on “UHETh PLREGHEA etif FiarpSod Wifious dpvershns R sl dEraseeR ShG b 2

si gni fi cantdeMaifiagldGht 6%]&6:1%!)4&%'9{6 dghebis 1CRVE 8 drSRBd W trBs @ S higher

i mmobi | i zati on processes Thi's can be enhanced if the aqueous nediumin

whi ch t he sRbilitygefl the B Videgel deoathatadhe sehybimtion iscadiventegeosslly wairied oibm tepevater

bi ol ogi cai(l)léryheacti ve material The density of the PVA gel produced according

to the in ftehyetdh 25alMERPUO8d by usi ng suitabl e additives. For instance,
the specific gravity can be increased by adding titanium

The process according to the invention has the advantage that it permits the production of
PVA gel within a very short time without using complicated processes, in particular
without a freezing process and without repeated dehydration processes, so that an
extremely economical production of PVA gel is possible. The gel substances according to
the invention are also characterized by a high elasticity and stability, in particular tensile
strength, and in this regard are significantly superior to the PVA gel substances produced

in the traditional way

The stability and elasticity of the PVA gel substances are further enhanced by using a

resaponified aqueous PVA solution in the production process



oxi de and | owered by addi ng holl ow glass mcroballs As al ready nenti oned,
:gelling according to the invention is possible at roomtenperature but can
al so be carried out at | ower or higher tenperatures. The L)tgl &ﬂgcﬁgéy
active material that is incorporated into the PVA gel can y! :

m croor gani sns, spores and cells The~process according to the invention can
be i npl emappesh/grs29ar i ous enbodi ments. For instance, it | $CIYPEYHI0691D
carry out the dehydration of a drop forgphase creation during the falling
process in a drop tower, so that when the drop inpacts the surface, the
gelling has already occurred after the phase separation This production

rocess |i i i f i .P\. X .
P ees ou? SURJEH BREL LB ShcpLambEL e Rityatls SRR iReahucy
pur poses, ofiddo 30 walYs,qaeferdblyeat i to20bet %einteaorelspOcificully 306 tpnd wti%si s al so

possi ble to dehydrate an initial liquid that is set tq a hi qher Vi scosity
during exGelidpesesyrs, gellyloserrihern gtareh estgrs.stasch ethers, prlvalkenessiyqel edgisousl v.

Conpar ed j A es I $U duced by
Che. pr oce B0V RITIELE B gl e S 6 e O B S MR B P8 1 T e

i nvent i onsiigas ethepedre otheneahgdsadlpossitd®additives. i n particular with regard to
abrasion resistance and tensile strength. These superior mechani cal
characteristics permt, in particular, to produce the gel substance
accordi ng,tg t [ NV I I  cul a t [ v eous to the
ki netics éf&tr%%?arrl aélt% ?%%Q%H%ereg Oﬁ%{i&@rﬂe@i%ﬁg@?‘ Qeﬁé%s?adaggs gu e??ances had

i nsuf fi ci prddusisharbislagicallyaphysically ot chepdally aethv@rsub@ances,ii@Ningbordtingy On the
ot her hand, the gel substance according to the invention is stable and

abr asi on b@&&TaHhtPWSfalhﬁﬁyhmﬁ%IHﬁCtié?éﬁtﬁi\ilﬂbin thmBYécgel-gﬁl#lﬁit@qﬁgﬁ&ghish )
of ! Pece " bafbty it e ar R b Loyl SEhBloBTE Sl R o BERG ol

is always arranged near the surface, resulting in a constellation that is
advant ageous for the kinetics of the reaction. The present invention

perm ts tkbe dehydration obtheaqneqpsselugionderithe perppes efiphaprsepeiation ard thehol

b : csionpl h ' d : | I h b
of a1t qurtoneiBaltod B UA0d AlrtRlenSuf i Ehale Chl Ul B8 Flctur e

of the potesviedy s laveolink farahe sdgfasbianger confenb e 1WORE Yebdcashelie PYA gl ecul ar
wei ght of the additive that effects the phase separation By varying the

nol ecul ar PiRdhesdishopldiblssomplesaly prbygratdable chrsaupeyboelasticity of thergeboubistancaiei ght

is preferably.dn the range of 8 and 13 50, the re size t he pol yvi nyl
al cohol g%lwe}s{bkgg Iéeﬁ'?@alc erbcgngd]?grsc}pégelpg @Bfwgﬁte%qgn‘ﬁﬁf%agﬁﬁéﬁraﬁ?ng t he
product i ofc&potdi& agl'ég@ulsmﬁehm bg{bé_ﬁan&%wmtwéfoaén%hebemgtdwewaa&dI tive,

it has been shown that the use of distilled water requires a higher degree

of dehydr eaniten is lawer. dgr advantagénue vange ier thamesiduecwater ceriteshabetveer 1Geids The
results a.é(g i?mdi ately better if normal tap water with a certain degree of
har dness Whkd. Therefore, it can be assunmed that a certain salt content
in the water is advantageous for the process according to the invention

-1 9 MAR 2003 WD 99/ Gr320 PCT/ DE99/ 00975 7 The invention is explained in
nmor e det aPthydedtiow day comeeniently besarpd est ink.shor phood oftihe bfeewaporaing: 16 8 ¢
of water are added to, 2 of PVA and 1.2 of pol.yethyl ene gl ycol (PEG
1000) The &l Bramehien Srfetipaiature gy tugh eSidionss eibidgelint s2el PPt omponent s
have di ss t: : : i I i S

bt ai ned. R T R WA e bl Bl B or Ao RO SR 10,

dri pped operocuarpolisypiveptpesus tpdep ehesplutivamsmtod hardsyrfacege sacida applliatat i on of

pressure. The dripping.is carried out by touchjn he cappul a anto the PP
plate at @epwt%f&afpqurems af legst e dpat $irbe hrigh Ghabe drops Ahecar sigglatynr ox.
3_ nmm an J q r |} i aor &
_ dbﬁ%ﬂ%ggc?h ﬁ{)l%rg)%pcﬁgl‘olu Ao £ fdrfnan@R? chgtﬁ'%'ré)&sgﬁ'na?é}ﬁl.ql{% or

white, wax ms on the surface of t ops. After 89 W . % of
t he wat ereveadilrmlikpchapegdrmits evaponatienetha trequired résdugbivaten bettemorishimr e

rehydrated in water or . a saline nmedium The ge| substanc bt.ai ned have a
di anet er BVeral MIngAsa10d ingtanes YHhingkS migPiesxAn sesslerspnmhith fakiop.

process (and, therefore, the gelling process) can be achieved by carrying out dehydration

in a drying oven at a higher temperature



After the pol ymer suspension (conposition: 2 g PVA, 1.2 g PEG 1000 and 15.8
‘g water) has cooled, 1 m of a nitFOgen-fixing mxed culture (N trosononas
europaea and Nitrobacter w nogradsky) is added to 20 g of 4(908%&/@6
solution and dispersed, resulting in a dry biomass | oad of Q)%The
production of the gel substances is carried out according to Exanple 1. The
gel subst anvoeso/e1828i ned are rehydrated in a standard m nepgdT/P&Eob/00BTE UM
for nitrogen-fixers. Conpared to the sage anount of free nitrogen fixers,
after imobilization the i mobilizates produced in this way have an initial
activity of approx 70% for N trosononas spp. and 100% for Nitrobacter spp
After occlmgis@heQblutiBR ubdd {909 édu>§ It8r feh &rQﬁorPM@fe'ﬁé{ﬂ)Q&ﬁJtaﬁn@ﬁolX\%%ngegrees
Celsius, the initial activity o% rosom)nas Spp 1S ‘approx % at -10
degrees Cah®nsis approx. 25% with decr easing stability of the PVA hydrogels
The incubation of the immuobilizates is carried out in the same nedium at 30
degrees Celsius After 19 days a nmaxi num amoni um deconposition rate of

bet ween 7 B4 NH4 +/
(e e R e e R SR e M0 o
standard midhegiedlly aetive rmadnalmn tHax anpéeradrdidarly gemle opahy Biolygichmaghiylonl ( PEG
1000) is dissol ved i H20 followed by.1 6 g.of PVA The process is
cont i nuedt@éé*&rha? ﬁgncg r@éarrﬁ% S1Slﬂfﬂlﬁé%ntkymég*ﬁmwéﬁctsv&m FHRPHEEN ¥8l ed to 30
degr ees ture of the strictly anaerobic bacteria
Clostri d| um tﬁ??ﬁg%gr%oﬂlﬁﬁ% %—%024, whi ch converts glycerine into

1. 3-propane diol (PD), grown overnight in an oxygen free at m)sphere i's

di spersed_in the solution (cell |oad of the g yner sol ution: x. 10" per

m) The géhssapbe sphassedif éﬂemqaméaeda‘éw whis tl@eoP\vé%emebaséewdrwq Balse@ wt. %
of the mé@liur@@@luﬁe{rﬁ%?rtﬁéﬁglogfcalgypg&%gg?ﬁfa?t ure, the immobilizates are
sal t °nmed um

rehydrated 1n a I'mes nore than required). The

incubation of the cell-1oaded gel substance is carried out in the sane
medi um (40 tinmes mpre than required) at 30 degrees Cel sius The nediumis

changed sdvedensity ohihe FNp ugﬁlgbrpﬁ@eg raswrﬁvgg (i thganyestion a@? bg mogifigd Presinge

i mmobi liz the
i mobi | i zglgta@eoara?g'?e%m F mt%{%ﬁgéjg I glg arwetyp% §é‘§18; seﬁid) yrﬁddm% t?na heral salt
medi um t oggidbend w“tei’edaﬁr #dinglhollog! glemhie@balwi t hi n 3.25 h the concentration

of 1 3-PDincreases by 2 8 g L-1. This corresponds to a catalyst activity
of 0.14 g 1.3-PD per g cat per hour. After deducting the activity of fully

devel oped scalbay hfighé? Ufipk Sechoifk B R nAShaY b 8e  boPichodiaRle (-2,

gl ycol (Pﬁﬁcﬂaﬁ@ﬁb b@l&drrieh%upﬁﬂﬁﬁéﬁoﬂ ﬁgmmémwaﬂr@crm&bm& oy Rtivepl e 1 After
cooling the pol%mer suspensi on to approx 30-37 degrees Isius, 1 m of a

def i ned spmeélals gipe insoeneraied ime the M eehenpdegnryes, misrpeigenisms, s8eI68 t o a
pol yrner sg dJ# on of 20 g and di spersed The spore suspension is selected so
that 5 d oY (BEHII’Ig in the gromh

The process according to the invention can be implemented in various embodiments. For
instance, it is possible to carry out the dehydration of a drop for phase creation during the
falling process in a drop tower, so that when the drop impacts the surface, the gelling has
already occurred after the phase separation This production process is particularly suited
for producing PVA gel substances as chromatography material whose diameter is 10 to
100 um for laboratory purposes, and which can otherwise be between 100 and 800 um. It
is also possible to dehydrate an initial liquid that is set to a higher viscosity during

extrusion of a strand and to carry out the gelling simultaneously.

Compared to previously known gel substances, the gel substance produced by the process



1 9 MAR 2003 WD 99/ Gr320 PCT/ DE99/ 00975 9 nediumresults in a dry bionass
:load of 0 OS5 wt.% After 70 wt. % of the water has evaporated at room
tenperature, the immobilizates are rehydrated in a mneral_salt nmediumfor
Aspergillus terreus (20 tinmes nore than required) The incubpgi ﬁARO%ﬂ[Bhe

i mmobi lizates is carried out in the grow ng nmedium The grow ng nediumis

repl aced ww® gver3agti on nmedi um for produci ng the itaconi cPelVDEIS00yE ed
to the sanme anmount of free fungus cells,gthe i mmobilizates thus produced
have an initial activity of approx. 60%directly after immbilization. If O
2 g of gel substance is incubated in 100 m of production nedi um toget her

with 60 g/ &ccﬂl‘diﬁ@ﬁﬁbhe%v&ﬁ@&“ﬁatsisﬁ.ér%r?ﬁecﬁaécama&fitfy{ gﬂ;fa?t'?é.&ara‘ﬁi}greégr’dqa x h)

is achieved after 7 d Exanple 5 Larger anounts o substances are

obt ai ned bgbrdsioppEsistanchandoehsilestresgihut i on (conpositi on accordi ng to Exanpl e
1 ) through a systemof nultiple nozzles onto a conveyer belt. According to
the principle of a belt dryer, the PVA drops are dehydrated in a tunnel

drier to ardabispedior Grlciitidal BRIkl BN RARLURHDSSHIERE! e £4! | ected in
a collection cgﬁﬁgﬁ rrler gy rfawsansr of sacsgér}ap’er,;ﬁ\?\%er e tﬁgy are €r’%ﬁydr ated and
washed. ExsubptaeceSaccbriinghte the odrenttidndn apemicelas founabatds adyahmagexanpltie 1, t he
pol ynmer so]jution_is not. dri pou[ ed into prefabricat edﬁisen‘i - open

ped, . but
forms of offftfiaf t*reerﬁgetwnﬁnﬁhn which preiqusly koxmeaebubsianges had mspiisrent
rehydratiop .l e ca ] - J I
| engt i ¢ pgcinibR i 6 cahIARM giA8n sty e BulePhaic! e gBSERELE |
in this wayccordind® theanestion ik lstablewwnd gbiasioh ré&fang for hhiyuhomhs @kémgherExanpl e
7 -1 9 MAR z003 WO 99/ Gr320 PCT/ DE99/ 00975 to After a st erage peri od of
14 days, tHiest joshigk-spred aguatipna dbe leaticiar formewdting lares digreetercang ey dgight

characteri ' e -1 e, - . ar roxipately 8 mm
i de-and. aggr it PTecP Bl Bl thefMcal b i and BRIGHGAP SN A SRR TPILAER B
account t hgrsigednekirshd asficefresdtirgih aabhaellatioh yitht & ddeBntagebut dordhs kinemge i n
water in relation to the total mass of the polymer solution prior to the

dehydr at i o®f the 6.86HeN. The strands have an el astic behaviour up to an
el ongation at tear of 44%

The present invention permits the addition of a magnetic additive to the polyvinyl alcohol
substance by a very simple method in order to collect the gel substance out of a liquid by

means of magnets.

It has been shown that the pore structure of the polyvinyl alcohol gel substance can be
controlled by the molecular weight of the additive that effects the phase separation By
varying the molecular weight of the added polyethylene glycol, whose molecular weight is
preferably in the range of 800 and 1350, the pore size of the polyvinyl alcohol gel

substance can be adjusted to between 1 and 15 pm

Regarding the production of the aqueous solution of polyvinyl alcohol and the additive, it
has been shown that the use of distilled water requires a higher degree of dehydration in
order to achieve the same mechanical characteristics The results are immediately better if
normal tap water with a certain degree of hardness is used. Therefore, it can be assumed
that a certain salt content in the water is advantageous for the process according to the

invention
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have a diameter of 3-4 mm and a height of approx. 200-400 pum.

Example 2:

After the polymer suspension (composition: 2 g PVA, 1.2 g PEG 1000 and 15.8 g water)
has cooled, 1 mi of a nitrogen-fixing mixed culture (Nitrosomonas europaea and
Nitrobacter winogradsky) is added to 20 g of a polymer solution and dispersed, resulting
in a dry biomass load of 0.06 wt % The production of the gel substances is carried out
according to Example 1. The gel substances obtained are rehydrated in a standard mineral
salt medium for nitrogen-fixers. Compared to the same amount of free nitrogen fixers,
after immobilization the immobilizates produced in this way have an initial activity of

approx 70% for Nitrosomonas spp. and 100% for Nitrobacter spp

After occlusion of the nitrogen fixers in the PVA kyrogels at —20 degrees Celsius, the
initial activity of Nitrosomonas spp is approx 1%, at —10 degrees Celsius approx. 25%

with decreasing stability of the PVA hydrogels

The incubation of the immobilizates is carried out in the same medium at 30 degrees

Celsius After 19 days a maximum ammonium decomposition rate of between 7 and 8
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(PD), grown overnight in an oxygen-free atmosphere is dispersed in the solution (cell load

of the polymer solution: 6 x 107 per ml) The gel substances are produced according to

Example 1. After 70 wt.% of the water has evaporated at room temperature, the

immobilizates are rehydrated in a mineral salt medium (20 times more than required). The

incubation of the cell-loaded gel substance is carried out in the same medium (40 times

more than required) at 30 degrees Celsius The medium is changed several times during

the growing phase in order to provide the immobilized biomass with an adequate nutrient

supply.

If 0.25 g of the immobilized bio-catalyst thus obtained are placed in 40 m! of mineral salt
medium together with 24 4 g L-1 glycerine, within 3.25 h the concentration of 1 3-PD
increases by 2 8 g L-1. This corresponds to a catalyst activity of 0.14 g 1.3-PD per g cat
per hour. After deducting the activity of fully developed cells, the result is a catalyst
activity of 0.08 g 1.3-PD (g, x h). '

Example 4
15 8 g of water is added to 2 g PVAL and 1.2 g polyethylene glycol (PEG 1000) and the

process is continued according to Example 1

After cooling the polymer suspension to approx 30-37 degrees Celsius, 1 ml of a defined
spore suspension of the fungus Aspergillus terreus is added to a polymer solution of 20 g

and dispersed The spore suspension is selected so that 5 d of fouling in the growth
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Compared to the same amount of free fungus cells, the immobilizates thus produced have
an initial activity of approx. 60% directly after immobilization. If 0 2 g of gel substance is
incubated in 100 ml of production medium together with 60 g/l glucose, a productivity of

35 mg of itaconic acid (g, x h) is achieved after 7 d

Example 5-

Larger amounts of gel substances are obtained by dripping the polymer solution
(composition according to Example 1) through a system of multiple nozzles onto a
conveyer belt. According to the principle of a belt dryer, the PVA drops are dehydrated in
a tunnel drier to a defined residual moisture content and subsequently collected in a

collection container by means of a scraper, where they are rehydrated and washed.

Example 6:
In the production process according to Example 1, the polymer solution is not dripped,
but poured into prefabricated semi-open forms of optional length with an interior diameter

of 1-10 mm.
After rehydration in water, the strands can be stretched to 3-4 times their length without
breaking This stretching is irreversible. A strand produced in this way can be loaded with

a weight of 500 g without breaking.

Example 7
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Type of PEG Degree of Elongation at tear E-modulus
) rehydration [%)] [N/mm?]
[ -
400 57 - 410 0.27
600 66 290 0.22
800 82 360 . 019
1000 84 420 011
1350 92 370 012

- Mechanical characteristics of the PVA hydrogel strands for various concentrations of
PVA with the addition of 6 wt.% PEG 1000 at a degree of dehydration (amount of

water evaporated during the dehydration process) of 80 wt %:

PVAL Elongation at tear E-modulus
[%e) [%] [N/mm?’]
8 - 350 0.09
10 420 0.11
12 420 0.17
14 460 019

16 440 025
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- Mechanical characteristics of the strands at a degree of dehydration of 80 wt % for the

composition 10 wt.% PV A and 6 wt % PEG 1000 for various rehydration media.

Rehydration medium Elongation at tear E-modulus

(0] [N/mm?]
Tap water 420 0.11
K,HPO, (100 mmol/1) _ 410 0.17
K,S0, (120 mmol/1) 530 0.15
CaCl, (120 mmol/1) 360 010
KC! (175 mmol/1) 370 0.15
Example 8:

Gel substances are produced according to Example 1 and rehydrated in deionized water (5
uS H,0). The degree of rehydration for various degrees of dehydration of the gel
substances is defined directly after the rehydration process With a degree of rehydration
of 100 wt.%, the weight of the gel substances prior to the dehydration process and after

the rehydration process is the same, as shown in the attached drawing
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. Process for producing a biocatalyst with a biologically active material, introduced

into a gel of polyvinyl alcohol, in the form of microorganisms, enzymes, spores

and/or cells with the process steps of;

a) dissolving an additive in aqueous polyvinyl alcohol solution having a degree of
hydrolysis of =98 mol%, said additive form a separate, finely distributed and
aqueous phase after concentration of the aqueous solution;

b) adding the biologically active material;

c) dehydrating the aqueous solution to a maximum residual water content of 50
wt% in order to cause the phases to separate and hence the polyvinyl alcohol to
gel; and

d) rehydrating the polyvinyl alcohol in an aqueous medium.

2. Process according to Claim 1, in which the polyvinyl alcohol solution has a

concentration of 4-30 wt%, preferably 6-16 wt%,

3. Process according to Claims 1 and 2, in which a water soluble additive is used

which has an affinity to water at least similar to that of the polyvinyl alcohol.
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Process according to Claims 1 to 3, in which the water-soluble additive is selected

from the group cellulose esters, cellulose ethers, starch esters, starch ethers,

polyalkylene glycol ethers, polyalkylene glycols, long-chain alkanoles (n > 8), sugar

esters and sugar ethers.

5 Process according to Claim 4, in which polyethylene glycol is used as a water-soluble

additive.

6 Process according to Claims 1 to 5, in which the water-soluble additive is used in a

concentration of 4 - 20 wt.%, preferably 6 - 10 wt %.

7 Process according to Claims 1 to 6, in which the dehydration of the aqueous solution

1s carried out until a residual water content of at least 10 wt.% is reached

8. Process according to Claim 7, in which the dehydration of the aqueous solution is

carried out until a residual water content of 10 - 30 wt.% is reached

9 Process according to Claims 1 to 8, in which the dehydration process is carried out
after dripping the solution onto a hard surface
10 Process according to Claims 1 to 9, in which the dehydration process is carried out

after pouring the solution into a form
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height

12, Process according to Claim 11, in which the dripping or pouring is carried out in such
a way that the gel substance is formed with a diameter of > 1 mm, preferably between

2 and 4 mm, and a height between 0.1 and 1 mm, preferably between 0.2 and 0.4 mm

13 Process according to Claims 1 to 8, in which the dehydration process is carried out

after pouring the solution to form a long strand.

14. Process according to Claims 1 to 13, in which the dehydration process is carried out

after pouring the solution onto a base material.

15 Process according to Claims 1 to 14, in which the rehydration is carried out in tap

water.

16. Process according to Claims 1 to 14, in which the rehydration is carried out in a saline

solution.

17 Process according to Claim 16, in which a culture solution for the biologically active

material is used as the saline solution

18 Process according to Claims 16 and 17 us—ing a saline solution containing polyvalent
anions. -
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24. Process according to Claim 23 for producing 1.3-propane diol

25 Process according to Claim 24 for producing itaconic acid
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Degree of rehydration in deionized water [%]
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