The invention relates to a process .for the preparation of . noul dable
solutions of cellulose in aqueous tertiary amne oxides ' froma . .
suspensj on of cellul ose in an aqueous sol ution of the tertiary am ne ox‘
by 't he pllcatlon of heat under- reduced_p[essure 'Such a process i's =
di scl oded in PCT/ WOWPubl i cati on 83/04415;, - -according to which cellul
i S suspendpile | InvehHIe OS] S8 HE O pridess (Lo i tHe! ﬂ"@ﬁ&h@ﬂdﬁe gEont ai:n
Up to 40% by wei ght water and heated -acconpani ed by agitation to .

t emper at urmouhidbiee sdutidvit bl .dellulosd ein audoue it ipres afitie. %xl
redyced to 80 to 150 nmbar and water is drawn off -until -the cellul ose passes. .
| nto sol_ utfxem a|snuspensiwy obicekbiloses|in i anagueues eoiptiprt ofl §¥#eby -

wei ght water can be produced internittentl i.e., in batches. The shaplhgiff
of sai d sdrertiH iamine axigiedk dhe |ﬂ9ﬁ-lc§tll<l§mﬂﬁ heat smderd reducedbased?
on'cellulose .-:i.e.,..articles which are -~ nowadays produced on a large -

scal e by Q?%?%qﬁ%ose process. However, where environnéntal 'safety is
concerned, spinnable; solutions of ceIIquse i n aqueoug tertiary-am ne
oxi des have a * deci sive advant age over vi scose: although t hie tertiary
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?: gme)légggc inatde)lnl%B %%&&%ﬂ;ccor di ng étlk?%éyarr% 2&?%’{ a%e'gﬁzsggﬁ g_g\gn
;mrjn;(?d bt by %ﬁ%%ﬁﬂé%ﬂ@&fmﬁiﬁaﬁmuﬁj Xxgﬁ'ﬁd’%&x'ﬂ%evfe&gﬁtmwéﬁér
'kﬁ and heated accompanled by agltatlon.to.temperatﬁres between 90
and 120fc;' At the same time the pressure is reduced to 80-to
150 mbar and water is drawn off until the cellulose passes into
‘solution. In this way spinnable solutionslconraining up to 15%
by weight water can be produced intermittently - i.e‘,.in |

batches.

The shaping of said solutions in-water produces'filus; filaments

or shaped parts based on cellulose - 1. e., articles which are )

“. nowadays produced on a large scale by-the viscose process.
-However, where env1ronmenta1 safety is concerned splnnable
solutlons of cellulose in aqueous tertlary amine oxldes have a
decisive advantage over viscose: although the tertiary amine
oxide can be recovered during spinniug and reused, the
decomposition of viscose results in HyS, COS, CSjy and colloidal

3 : sulphur, substances which are expensive to dispose of.

A process of the kind specified is also known from French Patent
A 2 450 293, according to Example 1 of which cellulose is mixed .

- - . . . L3 L) - ."
with an aqueous solution of a tertiary amine oxide in a mixer and-

~
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C : - 2- subjected to a negatlve press
evaporat e wat er . The, s0. 1u obtained is then supplied for further
proceSSlng This-al so can be performed only lnternlttently St -85}
reno froanrench Patent- A 2 450 293 (Era&mle 2) to mx. cellulose Wist-h
N- met Ryl - mor phol i ne- N- oxi de (NWJWO) present in ~.the solid formas"a
hydrat e arfikinAteditQ 3. Begakive Pregrumtic eVanarate; siatexir \The s

is nelted. | As, a result cellulfse p. ses | to solution, since the.y
contentji s°%ﬁar‘é}ﬁf§/ ’r%ml“%ﬁ%uﬁl’lpp hélr(?d’eﬁs&ﬂ‘i he iREAcess”
"CglJ ul ose- n1ne tens’ ners, Vol. 2 (1982
NEEUL pad% Cﬁ%? ?8¥§ ﬁﬂeﬂngBY qb Igse a water cogtent)of

17% must not be reached. According t.o' Exanple 2 -the solid mxture-is

~nelted - in an extruder. The aforenentt oned: processes using tertiary ani ne L

oxi des as ft sl Ubidd gleﬁéwﬁaffoﬁ PG mse;l%een MNigGR ¥ gagqrﬁ:@& pBd He drey

still have a nunber di sadvant ages. IS true that cesses u3|ng solid-

ani-ne oxi defx (dWLNel §se ﬁithhﬁ—ﬁéamwwﬁ—mﬂ& RMMO yiskddent in
extruders, the dissolution. of the cellulose being started merely by the

med ti ng eoftlié’l escinii ) ef e das hy dpdeaté winds Wontarindess oS 5& eracbesN: Sdhet;eafltlé&‘ze
t hey reqU|re pure am ne oxides. If, on the- othér hand, ‘use is .made of |
comer.ci.al the @aclidbiry agizbure ais rmlbedie NG mﬁs&ltootqaﬂs"lpdmﬁel@q;ﬂw ge
quantities of water nust previously be drawn of f, sonething which is

i npossi bl elnte &elakeienier sineactheovatiam Wé?@taﬂlsoﬁlﬂ'@laﬁi'r M’Yb@%ﬁl-be It

achi eved. These processes are Egrforned in agitator vessels
-{%; . can be gathered from the Publication "Cellulose-Amlne Oxide

Systems® in'Carbdhydrate Polymers, Vol. 2 (1982),_No. 4, page
229, that for the dissolution_of cellulose a water content of 17%
'=must not be reached. According to Example 2,the solid mixture is

melted in an extruder. -

The aforementioned processes using tertiary amine oxides as
-solublllzers have hitherto not been w1de1y adopted, since they
st111 have a number of dlsadvantages.

g*‘ ; It is- true that processes uslng solld amlne ox1des (hydrates) as
the: startlng material can be performed in extruders, the |

- dissolution of the cellulose being started merely by the melting

of the amine oxide hydrate, but such processes are expensive,
since they require pure amine oxides. If, on the other hand, use
is made of commercially available agqueous amine oxide solutions,
correspondingly large quantities of water must previously be
drawn off, something which is impossible in an extruder, since no
high evaporation performances can be achieved. These processes .

are performed in agitator vessels. _ L
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-3- However, due to the unf avour abl e surface-t o vol ure ratio of the I|qU|d
in the case of an agitator vessel water can be drawn off only with
difficulty,, the result being |ong dwell tinmes in the range of 2 to 4 hours
in the essel During that time the polﬁye cel l'ul ose chain is partlal“
degrad d,’ this being further pronoted by the elevated tenmperature. This:
part.i al - dugiadati, OfubNtdUeke hﬁ&%@faﬁé%ﬂfé&- &ngof}a%&%o%ﬁ k—.ﬁa of

the end products follomnng t he spi nning process su exanpl e helr
st rengt h, 1 efefdaih othéncadd W taiargiitator tvdssall &eaﬁ@*zo%nt Bl YRR off |
Partlcularly heati-ng above 130[err]C may result i-n heavy :di scol oration due
to Me deonhpowithodisfichEty tiee @esial tidnsting Lo dwsld dfineer Gal the
conpounds such as, for exanple, N nethyl- norpholine-Noxide, the :
" degr adat |mnqay0év%nt¢ a«dlqnmeuexqj‘le)sxesdqlw tDmaLng dihartt tdwel thieon of .

gas, so that due o _the quantity in which they are present in the agitator -
vessel , tRel¥BentPehiulese cahain tin Partialdy degradedetiise beisge further |

perforned on a | i ndustrial scale, therefore mnth the use of a i tator
‘vessel s oPEPEPTS aégﬁuggetﬁ}?ﬁﬁqqﬂrﬁﬁ?ﬂﬁﬁqgﬂﬁ%r:s aRFiglgRe ﬁFé§§ ien
_23%??L3¥5§h PRFEPER, o GRS TRl SRR BrPRROP s CBooRng
termtt :
orocess TEEOGEES REGPRASE BN el Al é’%sﬁi%uvciﬁc ?asyiﬁpr 6

tenpefatU£ﬁe§Pds€¥éHQ£ﬁi'é&bﬁéﬁfﬁdﬁ”&&&*féﬁﬂmﬁahéﬁﬁﬁ& It is also known

g;f that more partlcularly heatlng above 130 ‘C may result in heavy
dlscoloratlon due to the decomposition of the amine oxide used.
In ﬁhe case.of certein coméounds such as, for exemple, N-methyl-
' 'morpholihe-N—oxide, the degfadation'mey even take'plaqe'
explosively with a violent evolutidn_of gas, so fhet dﬁe to the

- | quantify in ﬁhich they are present in the agitator vessel,-fhe

solutions may constitute a safety risk.
When the process is performed on a latge induéttial-scele,'

g therefore,-witﬁ~the use of agitator vessels opereﬁidns:mﬁst-be'
performed suitably secured by hlgh Efessure autoclaves, which for. 9..
economlc reasons are out of the questlon for contlnuous
operatlon. on the other hand, w1thout a=safety devxce-only
intermittent operation is possible in an agitator vessel, so that
the proﬁees has very low flexibility, since parameters such as,
for example, temperature and evaporation rate can be changed only
Qith difficulty. There is also the factethat’due to the high
viscoéity of the cellulose solutiens, a great deal ef the
spinnable substance is retaihed by the agitator vessel, which
makes it difficult to clean the vessel and further reduces the

economics of the process. LT
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with difficulty.” There is al so t he fact ‘that due to'the hi gh VISCOSIty

the cellul ose solutions, ‘a-‘great deal of the spinnable substance is _
retained by the agitator vessel , which nakes it difficult to clean the"
vessel ‘and -further reduces the econonlcs Qf4tbe process. - It is an'ob
of the(“nventlon to obviate these disadva and to provide a process- fqr
prepar ati ongef 4 g%huaaasc%owt L9IES 1h0eRBLERUED SHTIREY Biéde axbdavairt
can be perforne continuously. The process according to the - -

i nvention thgaeter prégeacan phocebar FoAYtRS bt ticn sof ice Bbabosexi de
but\an aqueous am ne oxi de solution. The heat treatment of the suspension .-
i s noreover selirsiensi ahl gosleousctertiaryi amine ¢xixiés winichncanobei penfarmed
the thermal stress-on the -cellulose and the tertiary anj ne oxide. -Anéther. .

‘obj ect is tconbimuguslfe sThet procersi ageording rtq h‘éleprnb\relamonmhsrefore

probIen1|s sol ved accordjng to the invention by the features that in a
process oOf Pﬁ@skaﬁﬁtbseétﬁrﬁéng substance pok SokliiAninCrexides) nhBtsay
introduced via an:inlet .intq an eyvacuabl e: ﬂbatabl e vessel, the %EProduced

et HEEATMERE (OFHRS for m
t f h d .
s brought FHEBSEERPRC LS. AER e?er"’%&g&&sgﬁgﬁﬁaﬁp&‘y‘f‘g FrEchetiind B Bes
a heating syrface; hhe 8p&§ﬁimi%%p%ﬂé'Qﬂefﬁair£%§%§Etéﬁ'@ﬁ&qggffhféséyand

|ntenS|ve
“the tertiary amine ox1de.G-Another;object ;s,to obviate the

w safety risk inherent in the prior art. :
This problem is solved according to the iuvention by the features
that in a.proceSS of the kind specified | _
- the suspension is continuouslylintroduced via an inlet iuto
an evacuable.heatable vessel,
= the 1ntroduced suspen81on is spread mechanlcally in the form
| -of a layer or film to form two surfaces, -
- . the. sSpread suspen51on, for the supply of heat v1a a surface,t'
a". is brought into contact with a heated 1ns1de wall of . the
vessel actlng as a heatlng surface, . |
C - the spreéad suspension is transported accompanled by 1nten51ve
mixing over the heated inside wall,
- during transport over the heating surface the second surface
of the spread suspen51on, remote from the 1n51de wall, is
subjected to the_reduced pressure, “to evaporate water unt;l
the suspended cellulose passes into solutionL the water
uapour being removed against the direction of transport of

the suspension, and
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m xi ng- over the heated inside wall, - durr ng transport over the heatrng.;
surface the second surface of the spread suspensi on, renote fromthe i‘ns
wal |, .is subjected to the reduced pressure, to evaporate water until th
suspend d cel l.ul ose passes into solution, the water vapour being renove
agai ns{:'the direction of transport of thg suspensi on, and -5- - the"
moul.dab ‘e cel $1é Ofidiy | I r essels vra
an outlet. The Iayer?(r!yru?({f:eé e%rb]%‘lﬁlll(r?}él%rt Egigiﬁi%dﬁr%\f&brg %JJ&CEQ;}' Eﬁa %f
suspensi on ov@rodn Hehdanddsed Suldl age Jueade.to a.large liquid surface, vvhr ch
facilitates the renoval of water. At the same tinme it' nakes possible the’
rapi d heating .of the suspension to the tenperature required for the =
preparatron of the solution. The transport over the heating surface

“achi eves Bimtlayesrst ikeiowy Riflm-d keu spresiding, tdﬁJstHeeréilﬂrulm@els&égbhéﬂohhe

%

exchange of -heat and substances. The .viscosity of the cellulose solution
pr epar'ed WL frgaring surfass dsads bot nedarge diquis 60TfRees: which

adj ust. th VJ](SJ_L 0S| t% Qf the solution, which is measured in-the relative"
system di dhte HEROVAROFi Wg tEEhay ASIEhsr Same ddmeyissmakast he

suspensi exanpl e,, ethanol, can be added to
t heps us pgbsr 0 bq'%gﬁtl} %&pgﬁn %“?%E—ng ot 55?‘? Be pesion; &e fbeqteppeRaturger

. sp.r__eadj_'; O\QPéq-Jir}?ed‘eian e gxfe%%?atllﬁgn ogaﬁlgu @otl.mt(liérﬁe.ss T?lfe %rans rt over

“'. the heating surface 'achieves“ c'ontinuoi_;s mJ.ang of the suspension,

\_ = thus further ‘accelerating the exchange' of h.eat ‘and substances.

The Viscoeity of the cellulose solu‘l:ion prepared according .to the
invention is .betwee‘n 50 and 15 000 Pa.s. . To adjust’ 1;he viseositf
of the solutlon, which- 1s measured in the relatlve systen, and. to .
influence the swelllng behaviour of the cellulose in the
suspen51on, _a dllutlng agent such as, for example, ethanol can

. be added to the suspen51on.

Parﬁicularly' satisfactory mixing is a?:hieveé___i_ if the l_ayer spread
-over the heating surface has:a maiimuhlthickness-bf 20 mm,

preferably 1.5 to 5 mm.

Advantageously the tertiary amine oxide used is N-methyl-
morpholine~N-oxide, preferably in an aqueoﬁs solution containing

40% by weight water.

A preferred embodiment of the process according to the invention
is characterized in that the suspension is heated to a

temperature between 50 and 150°C, preferably between 60 and
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preferably 1.5 to 5. mm " Advant ageously the tertlary ‘am ne- OXIde used s
- N-net hyl - nnrphollne N- oxi de, preferably in an aqueous sol ution contalnl
40%.by wei ght water. A preferred enbodiment of the process according. to :
i nventjon is characterized in that the suspgnsion i's heated to a - =
tenperggure bet ween 50 and 150[err],. preferably between 60-and .
100Ferr], armbumbjand esiabfeated cbs Ua cprésdinte BEI0 .50 midi0 tHalody Giﬁzs“élﬂb
50 nmbar to 150 nbar. It has been found to be particularly advantageous
t he-~ suspemﬂnﬁfenab&XHSOrmhatﬂtmtlﬁ@tmbafmeheatlng surface for a duratio
of “minute to 60 mnutes. On the one hand, this time i's enough to produce’
a honogeneous solution and on the other hand it is short enough to :
_ substantlahﬂ nt any deconp05|t|on of the tertlary am ne oxide or S

degradati.o % %%TI@% te tbe Rapigilanlyd advantaggenss itfo the form t he
pr.ocess: accordln ta the.invenfion in gn |n irectly heated evacuabl e vesseél

havi ng an Rk BB AT FOHAGH &Y, Hher hsawmn&&r@apetm Bavi ng
a centrall |t d .agi tator vanes atta hed t hereto, the
radi al di s%aair% m‘?gfgn q%]ﬁéu ai%tgé] ‘?sandolnhé" %@5\4 ghigh & Jt%k
bei ng .20 0 Si
|n:e? for the ceII ose suspen5|on anéﬁﬁﬁkhfo%gghtgg %B? E"ﬁn

for the .hand it is ‘short enough to substantlally prevent any

decompos1tlon of the tertlary amlne oxlde .or degradation of the

U .cellulose.'i | R o '? Ly

It has been found advantageous to perform the process accordlng
to the 1nvent10n ‘in an 1nd1rect1y heated evacuable vessel hav1ng-
.an agltatlng dev1ce and taklng the form of a cyllndrlcal tank
having a centrally mounted agltator shaft and agltator vanes
attached thereto, the radlal distance between the agltator vanes
and the inside wall of the tank belng 20 mm at the most and the
:_upper portlon of the tank compr1s1ng an 1nlet for the cellulose
suspension and the ;ower end compr;51ng an putlet‘fpr the -

mduldable cellulose solution.

In an advantageous embodiment of the apparatus used according to
the invention, the agitator shaft has a distributing ring for
spreading the cellulose suspension in a layer or film over the

inside:wall of the tank.

Advantageously to control the transport of the cellulose

suspension along the inside wall of the tank the agitator vanes.
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noul dabl e cel l ul ose solution. In an advantageous enbodlnent of the
appar atus used according to the invention, the agltator shaft has a -
di stri.buting ring for spreading the cel I ul ose suspension in a 'l ayer: or
over t?ﬂ inside wal |l -of . the tank. Advantaggously to control the transpo
of the(cellul ose suspension along the inside wall of the tank-the agitat
vanes. hQ@&eJ.hnréﬁhﬁibﬁ Ntd Otk asaded %ﬂftﬁéthiﬁéﬁéﬁrsﬁm tar e i@ Q:fOf
i nclination whose size is adjustable. The process according to the = -
i nvent i oninsbindtien wRoperszereis vidjudtdublanpar at us used accor di ng‘ t'o- the
invention, is- extrenely flexible as regards varying the ‘oper at i onal
paraneters and involves a substantially |ower safety risk than the prlor' _
art, since not a |large quantity of solvent is heated at once, but only:a ‘.
corfpar at i VBeyPEAgREsapcaerding to the inverikion, vhiek e¢an rﬁ%fp%rﬁca:md over .

t he heating surface. The aforenentlonedrgfparatus used accord«ng to the

|nvent|oﬁW%FFIthSmPBEaEQBFﬁj?Eﬁﬁ|?Fiﬂ§9ﬂ tithe iRpvyentiony 4 sxtnemety,

| d 2, t di nal t t:h th

bopar ar ust LeRgPER asTregara BefYine Yog SPtraoia Prtestiedy W E 00 |
b f

bref or abl SRYebyREon sul Eap el ST f@?ﬁéﬁgﬁeﬁ%’t Sk BEF M el artieg i s

_51nce not a large quantity of solvent is heated at once, but only

-fa cdmparatlvely small anount @ue to thef§preaglng 1n the form of

U a layer over the heating surface.

The aforementioned apparatus used according to the invention will
now be explained in greater detail withjrefgrence tao Figs;_l and

2, wherein:

Fig. 1 is a partial longitudinal section through the apparatus,
‘and - |
ﬂFig. 2 < is a section, taken along theliine IE-II in Eig. 1, to an

" enlarged scale.

The reference 1 denotes'the inside wall of a- preferably vertical
"body of rotation which in the embodiment illustrated is
constructed in the form of a tank 2 cylindrical ovef
sﬁbétantially its whole length. The majofity of the inside wall
1 is enclosed in a heating jacket 3 having'conneétions 4 and 5
for a heating medium, the connection 4 being used for the supply

of the heating medium and the connection 5 for its removal.
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constructed in the formof a tank 2 cylindrical over substantially i

whol e length. The majority of the inside wall 1 is enclosed i'h-a heati
j acket, 3 .having connections 4 and 5 for a heating nedium the connect
bei ng- used for -the supply of the heating -1egiumand the connection -5
its.refoval. . ' - 8- An agitator -shaft.

havi ng “at t aghesy fEh St nyALSS BadiflgDitCadMid add it Wik idal;
the tank 2. The agitator vanes .8, which are flat in the enbodi ment

i |1 ust r at edoy ex tiisitor a6li B¢ | Howhtédecentrallein e ankaly.ng e gl
inclination a to the axis 9 of the agitator shaft 7, the size of said -~
angl e bei ngvames e8 abblyicllj asé ablat ibi tipesembodimdrite iddivstrarteahafdxtempove
the,agitator vanés 8 is a distributing ring 10 -which-spreads t-he cel |l ul ose’
“suspensi on ¥adivhy cof vithe i axis, 1their pXananngking apcangl e lof dingd imstich
The distributing ring 10 is therefore situated at the level of .the inlet :
11. Af its ¢oWRrtRe ¥R ? Pk theapeitateyhalthibaltle Siganof sricdiangla?
for the honpgeneous cell ul ose_sol ution. The agjtator vanes 8 have:

_ a
const ant 1 aRFHIY RERLEKAPLY 39T ERRLS nsi RESRAFSD Prpithe agifsicor shaft e
whol e extensji on thereof,, such di stange, bei n 0 .mm.at  nost. e er
o onor Ve e a1t tST o868 F i Mt R gl i, 1 R 10 -
is formed wi ni - ] cyati, ¢ . f .an t
T il ORGSR BB e SR T

. -i.form of a layer on the side wall 1. The diét:ibuting.ring_lo is

s " therefore situiated at thé_ievel of the ‘inlet 11. S

At its.lower end the tank 2 tépers frustoconically and has an
outlet 12 fsr'the homogeneous cellulose solution. iTh; agitator
vanes 8 have a constant radial distancé_i3_from the iﬁside wall 1
of the tank 2 over the whole extension thereof, such-distahce

being 20 mm at most.

The upper portion of the tank 2 - i.e., above the plane 'of the. -
" distributing ring 10 - is formed with_%p opening 14 for the

evaéuation:of the tank 2 and the drawing—off of]wétér vapour.
The apparatus operates as follows:

The cellulose suspenéion, possibiy a pre-heated condition, is
cbnﬁinuously introduced via the inlet 11 iﬁto the tank 2, whiéh'
is under reduced pressure, the suspension being caught at that |
place by the distributing ring io, spread on the inside wall 1

and transported by the agitator vanes 8 along the indirectly



The cel | ul ose suspension, possibly a pre-heated condition, is contlnuously
introduced via the inlet 11 into the tank 2, which is under reduced :
pressure, the suspension being caught at that pl-ace by .t he distributing
ring 10, spread on the I nsi de wal | -1 and §ransported by the agitator: vanes
8 along :the-indirectly ~heated inside wall 1, acting as a heating
surface, hedtia dddiie Wala it,hackengrasnd néat:hlﬁgt salcface ,Heat tnarbutmt
medi a such as water, oil or steamare suitable-for the i ndirect. heating. #
t he_ celIuuasaxsampemnwar|endbefngheraanh02tedHaatﬁgarhylngdmedial;ubhaaed .
inside wal | 1, the suspension is heated, water evaporating at the .sane time
due To t haatetucailpras siheam are: suitahdet Sori she andizesti heating. '
concentrated until the cellul ose passes intq solution.”Fig. 2 shows in .
det ai'l how:t he ceIIquse suspension is processed i the tank 2.. The draw ng

shows t he_agi ator ft- 7 wth agitator. vanes the in mall 1 and the
heati ng Jéﬁg stéFﬁ?ﬁnﬁ °Pof%t?%ﬁn8ftFﬁEsHQFFﬁa ORgr the peing

S A G, A bpodbE SRR e
ensured b%v%%%ﬁa%&h@% at %h%”%ﬁm@tﬂnet&ﬁ’ea@étEﬁBrr&aﬁééfi gﬁfz?H}x{-Qe an&?&

I nsi de wa o the rotar novenent bow waves 0 0sé

SUSPENSi ORpd ¢drdi r&iﬂz %ﬁd@e oaaatea&ercaﬁeeﬁtraseal 1iHeEN2k8Ed cellulose
di agrammati.cally i'n . As indicated inFig. 2, the cellulose

_partlclesPagge@ maﬂoa@@dumﬁonthe bow waves, this ﬂDtIOﬂ also being
transnttted to the layer of suspensign spread

—

4

Fig. 2 shows in detail how the cellulose suspension.is nrocessed
in the tank 2. The drawing shows the agitator shaft 7 with
agitator vanes '8, the inside wall 1 and the: heatlng ]acket 3, the
'directlon of rotation of the agitator shaft 7 being-assumed to be
clockwise and indicated by arrow 7¢. The layer-like spfeading
and the thlckness of the layer of cellulose _suspension is ensured
_by the radlal dlstance 13 of the agltator vanes 8 from the heated
.1n51de wall 1. Due to the rotary movement . bow waves of .
cellulose suspens1on are formed on the agltator‘vanes, as

: illustrated dlagrammatlcally in Flg.fz; As_lndlcated in ‘Fig. 2,

" the céllulose particles are clrculateddin_thefbow:waves, this |
motion also being transmitted to the 1ayer-of'suspension spread
on the inside wall 1. This ensures a continuous relayeting and"
1ntens1ve mixing of the suspension, which substantlally

encourages the exchange of heat and substance.

It is of decisive importance for the continuous performance of
the process- according to the invention that the separated water

vapour is drawn off in counterflow in relation to the transpott~~i

-
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.on" the iinsi'de wall 1. This ensures a.continuous relayering and intensj
m xi ng of the suspen5|on whi' ch substantlally encour ages the exchange:
heat- and substance. It is of decisive inportance for the continuous
perforpgence of the process according to &hggi#avention t hat 't he ‘Sepa
‘wat er pour is drawn off .in counterflowin relation to the transpo
t he "suspensifrthe tsuspexission idr timtaXso pimpoxtand tar @toarld!egb. QAR
vapour space 15 for the draw ng-off of t he water vapaur such: space:
created if e¥h@USEnFaPoOUr- GHRAAS e'lr5 fon dhef drewingtoffir ofakhpowatke
tank<2 has a val ue between 4 an 8 The invention allows the producti

ceI | ul ose SHMH ﬁmé’enzhﬂ-"ﬁ’@ lﬁi’-’q‘%‘-%b%ﬁbm|]gfrilgté’e1tpuﬂé§@et¢ﬁeralmenblforth

will be. descrlb |n even r eat e et gi | he foll Exanples Exanpl.
1. A suspefdidft &f&g\ &adg‘egs h&t Xa?tlﬁg gtvgen 4 and 8. .
pol yneri zati on apprOX|nater 1400) i.n. an aqueous. soluti.on of Ny R

met hyl - nor phol i ne- N- oxi de havi hg a water content of 40@6by wei‘ght mas

heat ed 4 0; Mleetirhveitd ORI Sre IHIARIAGH L Be34ATLLEY 81480010 B %

inlet 11 into the apparatus accor e 1 nvention
prehydrolysgﬂt@ebbgl w@gbﬁhae@yyﬁﬂayésnwpen5|on was sg-selected that
after the evaporation of fhe excessm water a final cellufose concentration
of 10% by wei ght. was obtai ned. The agitator shaft was oper at ed at. a speed
of 450 nln[err] t he

- The 1nventlon w1ll be descrlbed in even greater detail in the

o follow1ng Examples. . ) L & ' 1; R
.Example 1. |
A suspension of prehydrolysed cellulose sulphate (degree of.
polymerlzatlon approx1mately 1400):1n an aqueous.solut1on of N-
methyl-morpholine-N~oxide having a &ater conteht of'4o% by ﬁeight
was heated tof76°c and continﬁoosly introduced in a ooahtity of
90 kg/h via 1nlet 11 into the apparatus accordlng to the
_'_1nventlon. The’ content of prehydrolysed cellulose sulphate 1n
the suspens1on ‘was so selected that after the evaporatlon of the
excess water a f1na1 cellulose concentratlon of 10% by welght was.

' obtalned

The agitatot shaft was operated at a speed of 450 min‘l the
thlckness of the layer spread over the inside wall 1 belng 15 mm.
The 1nd1rectly heated inside wall 1 had a surface of 0.5 m2 and
was so heated upon with heat carrying oil that a mean temperature
difference of 83°C resulted in accordance with the heating of the
suspension (in counterflow in relation to the heat-carrying oil).
A pressure of 100 mbar was adjusted in the exhaust vapour

space 15. ' ' -
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thlckness of t he- Iayer spread over the |n5|de wal | 1 belng 15 .mm The
i.ndirectly.heated inside wall 1 had a surface of 0.5 n2 and was so’ heated
‘upon-with heat carrying oil that a.nean tenperature difference of .83[err]-
resul t gd™i n accordance with the heatlng 8L the suspension (in counterflow:
I n relatlon gg the heat - carryi A pressure of 100 nbar _was ad]usted

in tEe exh&u qg&%?QHEScgllulﬂf%g??ﬁu?kmﬁg@ﬁéd%§u€e9931€s§esF:utlon
12 :
&: '\ hgl"éuéﬁﬁﬁgf‘sﬁ PErt 8 asbiek fe betrermndig SR \/‘é‘ﬁgliﬁtg’ﬂzmﬁﬁniﬁl{ég
T 1500
e e U] SR BphloB dLBSEEELIRTHR, £ ?S AREEREPP Ao Cihe
sol uti on fgiagLed ¢ ek eeme%ﬁsebgf&' ﬁ@'fé&&ﬁ%:r ggﬁﬂt% f¢£§a¥ECOUH§§.§$P%ﬁ N

the sol.ution. The exhaust vapours forned were

a t enper ayiseosh tyObeink qedospaseqwéﬁém:&&rmree@l rél@tivevsy é\t&hft' Itate
being 29 kg per hour. Exanple 2:- A suspension of ground prehydfo ysed ﬁ

cel | ul oseMicrpsadpicdégreétoapiiby Nef i nd i SULEIGIO P L] od R Ad an
aqueous sol uti.on of N-nethyl -norpholine-N-oxide having a water content of
40% by meugdisaaivadacedludoSé[partle&ns(Mnnerpxnsent|imrtuecsdlutu6n.
quantity of 90 kg/h'via inlet 11 into the apparatus according to the .

i nventi on. The content of prehydrolysed cellulose sulphate in the

suspen3|on was so sel ected that after the evaporatlon of
The - exhaust vapours formed were drawn off 1n counterflow at a .

temperature of 70°¢ and subsequently condensed the flow of

k%' distillate belng 29 kg per hour.
Example 2:
A suspension of ground prehydrolysed cellulose sulphate (degree
of polymerlzatlon approx1mate1y 1400) in an aqueous solutlon of
‘ N-methy1—morpholine-N—oxide having a water content of 40% by
welght was heated to 80°C and contlnuously 1ntroduced in a’
quantlty of 90 kg/h v1a lnlet 11 into the apparatus accordlng to
the” 1nventlon. The content of prehydrolysed cellulose sulphate
~ .iln the suspen51on was so selected that after the evaporatlon of

the excess water a flnal cellulosegconcentratlon of-ls% by weight

was obtained.

The agitator shaft 7 was operated at a speed of 450 min;l, the
thickness of the layer spread over the inside wall 1 being

1.5 mm. The indirectly heated inside wall 1 had a'surface of
0.5 m2 and was so acted upon with heat-carrying oil that a mean
temperature difference of 112°C resulted in accordance with the

heating of the suspension (in counterflow in relation to the

-



the excess water -a final cellulose concentratlon of 15% by. melght wal
obt ai ned. The agitator shaft 7 was operated at a speed of 450 nln[er
thlckness oT the |l ayer- spread over the inside wall 1 being.1.5 nm.:T
i ndirecpTy heated inside wall 1 had a surfat2 of 0.5 [err] and was :
upon w h heat- carrying oil that a mean tenperature difference o

resulted i n Reabrerpaing ikhe l?eziﬁ#ﬁfllﬂe tafe 190 phag yas( pdjvstied
inrelation tq the - 12 - heat.- carrylng oil). A pressure of 150
was ad] uste&’é‘ﬂl’eﬁl’st"%rsm 515. 64 kg of honpgeneous sol uti on’"pef.
houb—toul d be obtained in a degassed format the outl et 12. Thi s flom1of
substances corresponded to a dmell tlne of 4 minutes. The solution was

b dz d. .- .
D a1 8 U sncRierllll o SARE R M Sl BR0oERaEn IR I 8 -
det ect ed Und@é%ésbeednﬁf 1 @ %he Bifl:]l@t{s@i ON 3% FIRR b%dsﬁbéfﬁhlzéhto a__;.:f_

spi nni ng machihe and spun 1:nto ¢ ic fibres. The exhaust vap

f or med - wer e gl Edidadd (e RIdTII0W e D WREkAese;of 80[err]Cgnd §
subsequent |y condensed, the flow of distillate being 26 kg per hour. *
¥ - gosid .

" ) . : ' . . 1_5{ @ _
The solutlon was obtained in the form of a’ hlghly v1scous
substance (11 000 Pa.s measured in the relatlve system) ., and .no
L ' undissolved cellulose pe,rtlcles ceuld be ,detected_. under tg_le
| microscope. The solution was supplied directly to a spinning-

machine and spun into cellulosic fibres.

The exhaust vapours formed were drawn off in counterflow at a
temperature of 80°C and subsequently condensed, the flow of

distillate being 26 kg per hour.
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- 13- - ¥ C.L M S * CLAIMS 1. A process for the preparatig
of . noul-ddbl e sol utions of cellulose in aqueous tertiar Fe—exi-des—fr

suspensi-on of cellulose in an aquéous sol ution of the te

' 7 oxidé~
by the supply of -heattat reduced pressure, characteri zedjﬂl‘mmm& u ;
suspeAg?On I's continuously introduced Viéfan infet (11) & j e
heat abl e vessel (2); the introduced suSi&kMS$ on is.spread nmechanically in 25
the formof a layer or filmto formtwo surfaces; the spread suspension |
brought into contact - for the supply of heat via a surface having a heated
i nsige wall (1) of the vessel (2) acting as_a_ heat.i surface; the spread.
suspensi drr | P (BRARGRS t £RK e RESRBATIPN RERO Qaﬁg?iﬁgaH&&Pththeatéd
inside wall_(1); during transport .over the heatin rface second .
Lrt ace He1ildss o SabSne G el ArlRe) SRIARY HEO L ARG or
subj ected_t.a the reduce : e~ Gsevanar wat.er . ks toh: wepded.
cell uI-osé:%';Is % 1D %%I%ﬁ%%,&g't qé!'tu\c/%?’\ér Bga%(i)%r W%%?%S e&‘%n\}té%ega&éﬁ%sp t he

directi on,of £ransy R0 Y h daltie e iy
I recti ongof SERORP oS @Lﬁfch& S%Wogi?ﬁgﬁseﬁ eniRdlcdaie et !in et the

solution 15 coO ousl rawn essel (2)"via anh outlet (12)-.

2. A pr BELSH 0 D0coRe ChabuRly ithabagted ved an tinalet halayertosahead
over the heating surface has a maxi numthickness of 20 nm 3. A process :

accor di Nga¢£cdlsid) HeaEABLECTEEEEEN(4)} thdl inte otimoedd shespemsiian ds
t hi ckness of between 1.5 and 5 nm ' o -
'Spreaéamechanically in the fo;m of a layer orpfilm ;g form two
\;; 'suffacéé:.thé spread’suspension is”brought into cbntéct for the
supply of heat via a surface haVinq a héated inside wall (1) of
the vessel (2) acting as a heating surface; the Spread suspension
is ffanSpofted accoméanied by intensive mixing over the heated
inside Qall (1); during transport over the heating surface the
second surface-of the spread suspension,'remote from the inside
wall (1), is subjected to the reduced pressure, to evaporate
water untilithe susbeﬁded celluiose paéses into solution,-the"
watér:Vapouf beihé removed againét tﬁé directioq;of transpért
of th§}5uspehSion; aﬁd the mouldable,cellulpsé’solﬁﬁioh is

continuously draﬁh'off from the vessel (2) via an Outlet_TIZ).

2. A process according to claim 1, characterized in that the
layer spread over the heating surface has a maximum thickness of

20 mm.

3. A process according to claim 2, characterized in that the

spread layer has a thickness of between 1.5 and 5 mm.



-14- , -, * CLMS* 4. -A process accordlng to on
to 3, characterized in that the tertiary amne used is
m)rphol+ne N-oxide. 5. A process according to claim 4, ME Qﬂl
that t terti-ary anine used is N-nethyl -apaphol i ne- N-oxi

sol uti ol ‘with 40% by weight water. 6. A process according to one or nDre
of clainms 140 % piemess adcoxding ﬂ%@%@rs@%@gfoﬁlﬁémﬁeétﬁﬁ Bo a
tenperature between 50[err] and 150[err] .and s ected to,da pressure of O,
nbar- to 1006ﬂﬁE§FteF1?&dpP€b@??ta@@ﬁr&Pﬁ 1?6YbPQ#HFG“SGﬁaiﬁcﬁﬁwﬁﬁaﬁlrn t ha
the&&uspen5|on heatsp t%g% t enper ature between 60 and 100 [err] and '
subj ect ed t 3% ‘nbar to 150 nmbar. 8. A process according to
one or nore of clalns 1 to 7, characterized in that the duration of
transport during which the suspension is in contact with the heating

surface i s . Migedddel aboBiting o dtEn0ls, ARHARARLRLYSEH0In! Bhiat: tne

per f or mance o process accor ng to one of clains 1 avi ng anc

i ndirect |y haati8thyry® \E WD hRE6 S5 Nk nyA inde phid 13 Glet-Nt-bRYa8€ Y hC8naBGueous
taking the formof "a cylindrical tank having a centrally nounted agitator -~
shaft (7) anmblagion withanes ©F) welighthedterereto, the yadial  di stance (13)
bet ween the agitator vanes (8) and the inside. mall (D of t he "t ank (2) -
being 20 nmat the nost, and the upper

6. A process according to.one or more of claims 1 to 5,
\_/ characterized in thst the-éuspension is heated to a temperature
" between 50° and 150°C and subjected to a pressure of 0.5 mbar to

1006 mbar.

7. A process accordlng to claim 6, characterized in that the
suspension is heated to a temperature between 60 and 100°C and

subjected to a pressure of 50 mbar to 150 mbar.

8. A process according to one or more of claime 1 to 7,
characterized in that the duration of transport during which the
suspension is in contact with the heating surface is 1‘mihute to

60 minutes.

9. Use of an apparatus for the performance of the process
according to one of claims 1 to 8, having an indirectly heated;
evacuable vessel (2) having an agitating device ahd taking the
form of a cylindrical tank having a centrally mounted agitator
shaft (7) and agitator vanes (8) attached thereto, the radial

- distance (13) between the agitator vanes (8) and the inside Wal};

(1) of the tank (2) being 20 mm at the most, and the upper .wf;
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-15-.  ,* C L M S * portion of fhectadk-cqnpfkées armtet (I To

the cellul ose suspension and the | ower end cofprises a i ifi -
t he noul dabl-e cel |l ul ose sol uti-on. 10. - Use achWﬂ“t““ﬁ“Hl“r]'m
characqé?jzed-in"that the agitator shaft+16%) has a distr# Ing ming (40)
for spreading,the cellul ose_suspension in a layer or filmover &he I nsi de’,

wal |© (1) BPrEAen: g the tapk compyiges an inlgtof 4l hoteh RS geldulpsey
haracterized in,that t it at 8) h inrelationta the axis -
(9. of tNEUSBPRELER SRAF (e L AR TR G ORET L% 1R | DFEF S phis) WASEERfre 1 &

adjust abl g 1 gab1e ééllulose solution.

10. Use according to claim'é, characterized in that the
agitator shaft (7) Has a di;tributing_ring (10) for spreading the ?
cellﬁlé%é suspension in a léyer or film over the inside wall (1)

of the tank (2).

11. Use according to claim 9 or 10, characterized in
that the agitator vanes (8) have in relation to the axis (91 of
the agitator shaft (7) an angle of inclination (alpha) whose size

is adjustable.



