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methylmorpholine N-oxide (NMMO). The solutions so formed can
be extruded through a die into an aqueous spinning bath to
form regenerated cellulose articles in the form of fibres or
films, depending on the shape of the die. Such processes are
described in US-A-3447939, US-A-3508941 and US-A-4246221,
the contents of which are incorporated herein by way of

reference.

The used or spent spinning bath must be purified and
concentrated in order to recover and re-use the amine oxide
it contains. If purification is not carried out, the
recovered amine oxide and hence cellulose solutions made
using it become progressively more discoloured as soluble
coloured impurities accumulate in the system. Consequently,
regenerated cellulose articles will be produced which are
discoloured and thus of poor quality. Woodpulp used as a
commercial source of cellulose contains a low level of non-
cellulosic coloured impurities. Coloured impurities are also
formed by degradation of organic compounds during the
handling of solutions of cellulose in amine oxides at

elevated temperatures.

The use of ion-exchange resins for colour removal from
aqueocus sugar juices is known, and is described for example
in an article entitled "Ion Exchangers" in Ullmann's
Encyclopaedia of Industrial Chemistry, fifth edition, Volume
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30 el evated tenperatures. The use of ion-exchange resins for
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containing for example 3.5% w/w HCl, followed by treatment
with an aqueous solution of sodium chloride and sodium
hydroxide, containing for example 10% NaCl and 1% NaOH.

DD-A-254199 describes the purification of aqueous
solutions of N-methylmorpholine N-oxide, especially those
produced during the regeneration of polymers in the
synthetic fibre and plastics industry. The solutions are
passed through a column containing two separate styrene-
divinylbenzene copolymer anion-exchange resins in successive
stages. The resin used in the first stage is a weak anion-
exchange resin carrying amino groups -CH2N(CH3)3 and that
used in the second stage is a strong anion-exchange resin
carrying quaternary ammonium groups —CHZ[N(CH3)3]+OH—. The
solution being purified, initially dark brown, is reported
to be 1light brown or yellow after the first stage of
treatment and to be light yellow or colourless after the
second stage of treatment. The resins are activated by
treatment with 3% w/w aqueous sodium hydroxide and are
regenerated by treatment with an agqueous solution containing
3% w/w sodium hydroxide and 10% w/w sodium chloride.

EP-A-427701 describes the purification of aqueous
solutions of N-methylmorpholine N-oxide, especially spinning
bath solutions obtained during the manufacture of
c e 1 1 u 1 o 8 i c

35 products, by passage over an anion-exchange resin. The



carrying quaternary ammoni umgroups -CHerr][N(CH err]]+0O4 . The

solution being purified, initially dark brown, is reported 25 to be |ight
brown or yellow after the first stage of treatment and to be |ight
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activated by treatment with 396m/m1aqgeous sodi um hydroxi de and are
regenerated by treatnent with an aqueols”sol uti on containing 30 3% w w

sodi um hydroxi de and 10% w/ w sodi um chl ori de. EP- A-427701
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ani on- exchaggeinefratiion. f Organaepl achdsnesachcaast i thesela.named are,
however, expensive in comparison with the inorganic
substances commonly used to regenerate anion-exchange
resins, for example brine or caustic soda.

15 A process according to the invention for the
manufacture of regenerated cellulose articles including the

steps of:

(a) dissolving cellulose in a tertiary amine N-oxide

to form a solution;
20 (b) contacting the solution with an aqueous bath to
precipitate regenerated cellulose and to form

spent bath;
(c) purifying the spent bath by treatment with a
strongly basic anion-exchange resin in hydroxide

25 form

is characterised in that the resin 1is regenerated by

successive treatment with:

(1) an aqueous solution of a strong inorganic acid;
and
30 (2) an aqueous solution of_sodium hydroxide.

The regenerated cellulose articles may for example
take the form of fibres, films or tubing. These may be



15 A process according to the invention for the manuf act ure
of regenerated cellulose articles including the steps of: (a)
di ssolving cellulose in a tertiary anm ne N oxide . to forma
solution; 20 (b) contacting the solution with an aqueous bath to
precipitate regenerated cellulose and to form spent bath;

(c) purifying the spent bath by treat ment4with a strongly

basi c anion-g&eﬁae&a b thEﬁdl% reﬁédgofétio ?F celi®ldBe in 'tertia

characterise resin rs regenerate successi ve treat nent
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regenerated cel Lyl os ticles.m exa take the formof fibres,
filnms or tubpﬁatlngTﬁég &gyfﬁém gr tublngnBanufacture - 4-
produced by extruding the solution of cellulose in tertlary am ne
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manuf acture.a quaternary ammonium resin containing -CH N(CH )3
groups, that is, the type known as a Type 1 resin. Type 2
resins, which contain -CHZN[(CH3)2(CH2CH20H)]+X- groups, may
also be used. The resin is said to be in the chloride form
10 when X is chloride ion Cl . After regeneration according
to the process of the invention, X~ represents hydroxyl ion
OH , and the resin is said to be in the hydroxide form. The
resin 1is preferably a macroporous resin. Examples of
suitable resins are those listed in the Table on page 451 of
15 the cited article in Ullmann's Encyclopaedia under the
heading "Strong base anion resins - macroporous types”, for
example Amberlite IRA-900 (Amberlite is a trademark of Rohm
and Haas Company) or Lewatit MP-500 (Lewatit is a trademark

of Bayer AG).

20 Regeneration of the resin by treatment with a strong
inorganic acid such as hydrochloric acid alone is not
satisfactory. Although anion-exchange resin in the chloride
form so produced is capable of decolorising spent bath,
hydrogen chloride and chloride salts are liberated when

25 spent bath is passed through the resin. This gives rise to
the risk of corrosion of metals, including stainless steel,
used in the construction of the rest of the plant. Both the
presence of acid and the presence of chloride ions increase
this risk. Regeneration of the resin by treatment with

30 sodium hydroxide alone converts the resin into the hydroxide
form which is capable of decolorising spent spinning bath.
However, only a fraction of the coloured material retained
by the resin is removed from the resin by this treatment.
Therefore, after a few regeneration cycles the capacity of

35 the resin for removing coloured material from spent bath is
reduced to an unacceptably 1low level. The two-step



5 The strongly basic anion-exchange resin is preferably a
quaternary ammonium resin containing -CH2ZN(CH3)3 X groups, that is,
the type known as a Type 1 resin. Type 2 resins, which contain
-CHerr]NN(CH err](CHerr]CHerr]OH) ]+ X- groups, may al so be used. The
resin is said to be in the chloride form 10 when X is chloride ion ad -
After regeneration according to the™ p?ocess of the invention,
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15 weight. This solution may optionally contain in addition a
salt of a strong acid, for example sodium chloride.
Treatment with this solution converts the resin into the

chloride form.

The solution used in the second stage of regeneration

20 according to the invention may contain 1 to 10 per cent by
weight sodium hydroxide, preferably 2 to 6 per cent by
weight. Treatment with this solution converts the resin into

the hydroxide form.

It may be preferred to use approximately

25 stoichiometrically equivalent amounts of the strong
inorganic acid and of sodium hydroxide or a small excess of
sodium hydroxide over the strong inorganic acid in the two
treatment stages. Preferably 1.0-1.1 mole sodium hydroxide

is used for each equivalent of strong acid, because acidic

30 impurities from the spent bath accumulate on the resins
during the purification step and are removed from the resin
during the treatment steps. The_combined effluent from the
treatment stages is by this means an approximately neutral
solution of a sodium salt such as sodium chloride or

35 sulphate which therefore presents minimal environmental



5 regeneration nmethod of the invention is unexpectedly consi derably
nore effective than either single-step nethod. Consi der abl e amobunt s of
coloured material are renoved during t he hydrochloric acid treatnent and
the resin regenerated 5 after the sodium hydroxide treatnment is highly

effective at decol orising further quantities of spent bath. The
strong inorganic acid used i n the firsi 8tage of regenerati on according
to the sol Ut 1ichdd'dtf Wi 1.hydrochloric acid, although sulphuric acid
may al so be“used. 10 Str |norgan| c acids may be call ed m neral acids.
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15 form the basis of a method of automatic control, in which

the column is taken off line and regenerated when the
conductivity or degree of colour respectively has risen to

a predetermined value.

Typically two or more columns will be installed in

20 parallel, with the spent bath being purified by passage
through one or more of them, and the remainder of them
either undergoing the regeneration treatment or having been
regenerated and being ready to be put on line when required.

The complete regeneration cycle involves water washes

25 at various stages. The water used in these washes is
preferably soft water of low mineral content, and may be
demineralised water. The treatments with solutions of
strong inorganic acid and of sodium hydroxide are normally
performed as co-current washes, that is, with the same
30 direction of flow as the spent bath. The water washes are
commonly co-current washes, although one or more may be
performed in the reverse directi_on in order to slurry and
reform the bed and to remove solid debris entrapped on or in

it. A typical cycle is as follows:



35 sul phate which therefore presents m nimal environnental

-6- - problens on disposal. The ani on-exchange resin is
typically contained as a bed in a colum through which the spent bath to
be purified I s passed. The resin is preferably regenerated while the 5
purified bath is still of high quality; fhat is, before the resinis
exhaust ed, and before it becones saturatéd with impurities. If
regeneration is dglayegakgocbqggn 5?@01193 quality of the purified bath
will deteriorate, and regeneration the resin

be
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noni t or ed by neasuring the electrical conductivity of the purified
bat h, which rises_when_the resip is.nearly exhausted. Al ternatively, the
condition of the Pesi n"B4RTHHE nF?BP@H by colorimetry of the purified
bath. Such neasur ément §rean luithr mthee hgsesusf sodmthod offautshrena
control, Ln which the colunn |é aken off line and regenerated when the
conduct i v ty or degree: 1BPTEsfaa, respectlvely has risen to a
predeterm ned val Ge. Water-waslypotaubhy two or nore colums will be

installed in 20 para"ﬁk a%‘tulgﬁe $RENt JBAkBubel BG1RWIbhI e by frfwmDe
t hrough one or nore of the remai'nder of them either undergoing

t he regeneration treathﬁﬁF°6#dﬁaV|ng been regenerated and being ready to
be put on line when regdteedwash column. The conplete regeneration cycle

i nvol ves_wat er washes 25 at vyari ous ages. ter used in these washes
i s 10 g Put coXumn on- ft or s an &@

Typically, 2 to 10 bed volumes of water may be used
for the water washes. A bed volume is the volume of liquid
required completely to wet a drained, but not dry, bed of
resin. Generally one or more bed volume of each of the

15 treatment solutions is used; 1.0 to 5.0 or 1.5 to 3.0 bed
volumes may be preferred. Alternatively, smaller volumes of
the treatment solutions may be allowed to drain through the
resin or forced through the resin by the succeeding water-
wash. The optimum amount of each wash and of each solution

20 is best determined empirically by experimentation on a
column installed in a plant for the manufacture of
regenerated cellulose articles, so that the minimum volume
of each which results in satisfactory regeneration may be
used. The first part of wash 3 is generally rich in amine

25 oxide and may be recycled together with the drainings from
step 2. A reverse direction (counter-current) water-wash
may be performed between steps 3 and 4.

The method of the invention is preferably used to
regenerate the resin in every regeneration cycle. It may,

30 however, be found satisfactory to use the method less
frequently, for example in alternate regeneration cycles or

in one in four regeneration cycles. The intermediate
regenerations can be performed in the conventional manner by
treatment with an aqueous solution of sodium hydroxide; that

35 is, with the omission of steps 4 and 5 in the regeneration



preferably soft water of |ow m neral content, and may be dem neral i sed
wat er . The treatnments with solutions of strong inorganic acid and of
sodi um hydroxi de are normally performed as co-current washes, that is,
with the sane 30 direction of flow as the spent bath. The water washes are
commonly co-current washes, although one_or nore may be perfornmed in the
reverse direction in order to slurry afid® “reforim the bed and to renove
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10 reduction in capacity. The resin may have a useful life of

two Or more years.

Purification is preferably performed on the spent bath
before it is concentrated for re-use. The spent bath
generally contains 5-40%, more commonly 15-35%, by weight

15 amine oxide. The amine oxide is ©preferably N-

methylmorpholine-N-oxide.

It is generally also desirable to remove metal cations
from the spent bath before recovery of the amine oxide. This
can be conveniently done by passing the bath through a bed

20 of a cation-exchange resin, for example a sulphonated resin.
It may be advantageous additionally or alternatively to pass
the bath through a chelating cation-exchange resin, for
example an imino-diacetate resin. The spent bath generally
contains monovalent cations such as sodium and polyvalent

25 cations such as calcium, iron, manganese and copper. These
may be derived either from the raw materials used in the
manufacture of regenerated cellulose articles, in particular
woodpulp, or from the materials of construction of the
plant. The spent bath may be passed through such a bed of

30 cation-exchange resin before or, preferably, after passage
through the bed of anion-exchange resin. The anion-exchange
resin removes a greater quantity of impurities from the
spent bath than does the cation—exchange resin. The
preferred arrangement therefore protects the cation-exchange

35 resin against excessive fouling. In conventional water-



20 is best determined enpirically by experinentation on a colum
installed in a plant for the manufacture of regenerated cel |l ul ose
articles, so that the m ni mum vol une of each which results in
satisfactory regenerati on may be used. The first part of wash 3 is
generally rich in am ne 25 oxide and may be recycled together with the
drai nings from step 2. A reverse di redtron (counter-current) water-wash
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resin is regenérated according to the nethod of the invention, its
capacity stabilises after a few cycles at a | evel sonewhat bel ow the
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Fralplss:
reduction i Xé&B&a ‘'y. The resin may have a useful life of two or nore
years.

10 Cellulose was dissolved in NMMO and extruded into an
aqueous spinning bath to produce regenerated cellulose
filaments in the manner described in US-A-4261943. The spent
spinning bath so produced was used in these Examples.

The concentration of coloured impurities in agqueous

15 amine oxide solution was measured spectrophotometrically at

450 nm using 10 mm path length against a distilled water

control. The results were expressed in the form of the

optical density of a solution containing 1% by weight amine
oxide (AOCD).

20 Example 1

1.0 g air-dry ion-exchange resin was placed in 100 ml
spent spinning bath containing 20% by weight NMMO in water
and having AOOD 0.06. This was more than sufficient to
saturate the exchange sites on the resin. The colour

25 remaining in the amine oxide solution after 1 hour was
measured with the following results:



Purification is preferably perforned on the spent bath before it is
concentrated for re-use. The spent bath generally contains 5-40% nore

commonly 15-35% by wei ght 15 am ne oxide. The amne oxide is
preferably N met hyl nor phol i ne- N- oxi de. It is generally also
desirable to renove netal cations fromthe spent bath before recovery of
the am ne oxide. This can be conveﬁTéH{Vy done by passing the bath
through a beggd of a cation ghange resin, for exgimlee fors Ul RNREGHed
resin. It may be advantageo(s additionally or alternatively to pass

the bath t h#®®ji? a chel Mamd MG F&sdrchange resin, for Bxanpl e an

I m no-di acexape-4r esi n. Noaa-Seeiile Baklingeneral |y cont ai nsgnonoval ent
cations suc S oSo0di um and | yval ent 25 cati,.ons such as calcium iron,
manganese aﬁ&%bg per . T%%?@P%aﬁﬁyaﬂé°ﬂéFiF@ﬁlﬁither fromthé raw material s

used in tBe IRATEOOf act ustroing bgeecaatiedicekbslinge articles, in particular
woodpul p, or fromthe ngedritgipe of construction of the pl Bnt. The spent

bath may be S t hro C b : 30 ,on- exchange resin before
or, preferagpg,igﬁﬁer p%Q%g% Ea?ﬁrggégkféergg%hbf ani on- exghange resin.
The ani on- exchange resinr ves a gre@ter quantity of inpurities from
the spent IRBgBRO t hanS§seng brse anipBhcexeBiRge resin. The

preferredfarrangenent t RBEEPELELIFNSRECE¥PEhe cation- exchand® 35 resin

agai nst excera-vg8f oul i BErongl BasendfNbhBatke¥@h Pl -
-9- treat ment systenmacrbretigglakr tgpeass water firstlygi®rough a
cati on-exchange resin and secondly through an ani on- exchange resin.
It is generally also desirable to renove suspended

All the resins used were Amberlite resins supplied by Rohm

and Haas Company.

15 Example 2

5 g Amberlite IRA-900 was placed in a 25 ml burette
and saturated with coloured impurities by passage of spent
spinning bath as used in Example 1 through it. The bed of
resin was then soaked with either 10% aqueous NaOH or 10%

20 aqueous HCl for 30 minutes, after which the 1liquor was
drained off and its colour assessed. The soaking and
draining treatment was repeated five times. The NaOH liguors
removed very little colour. The resin had been regenerated
to the hydroxide form, but retained most of the coloured

25 impurities. In contrast, the first HCl liquors were highly
coloured while the last liquors contained little colour.
Most of the coloured impurities had been removed, and the
resin in the chloride form could now be regenerated to the
hydroxide form by treatment with aqueous NaOH.

30

Example 3

Amberlite IRA-900 resin was saturated with coloured
impurities as described in Example 2. The bed of resin was



5 solid material fromthe spent bath before passage through I on- exchange

resin, for exanple by filtration, which need only be a coarse
filtration. The invention is illustrated by the foll ow ng

Exanpl es. 10 Cel I ul ose was dissolved in NMWO and extruded into an
aqueous spinning bath to produce regenerated cellul ose filaments in the

manner described in US-A-4261943. The spddt = spinning bath so produced

was used in e es. he _concentratiqn of .col oured

i npurities i%ngéuégéga%% ath RISEJUHe ggluf? nvﬁé§°ﬁﬁa§ﬁF§fgéhs FOoE” 10
spect r ophot oménuikesl, | yafiter wh56hnhesihigiux nwapadraicedt loGfaandt its
distilled wa C ul e i prmof the
opti cal dens??&iS?laaggﬁgkyoﬁgggﬁggﬁhi%gt¥§g§§ éﬁ%% t a.'é&é@@t%kide
(AQCQD) . 20 Example 1 1.0 g air-dry

i on-exchange resin was gtacgd in 100 ml  gspent spinning bath containing
20% by wei ght NMMO i n wat er and having AOCOD 0.06. This was nore than
sufficient to saturate the exchange sites on the resin. The col our 25
remai ning 5n the am ne ogide solution aftgr 1 hour was measured with the

follow ng results: 1 0.40 - 10 -
2 0.45
5 0.46
10 0.65
10 Example 4

Amberlite IRA-900 resin was saturated with coloured
impurities as described in Example 2. It was then soaked 10
times with a single bed volume of 3.6% HCl, each soaking
lasting for 30 minutes after which the ligquor was drained

15 off. The optical density of each of the 10 samples of
drained liquor was then measured. Results were expressed as
the percentage of the total amount of colour removed in all

10 soakings.

Bed volumes Colour removed %

20 of HC1l per socaking cumulative
1 44 44
2 33 77
3 12 89
4 5 924

25 10 - 100

Example 5

Amberlite IRA-900 resin was placed in a 25 ml burette
to form a 10 ml bed and eluted with spent spinning bath
containing 30% by weight NMMO in water and having AOOD 0.06

30 at a rate of 10 bed volumes/hour until 3 g NMMO had passed
per 1 g resin. The optical density of the eluate was



Code Type Reduction in ACOD % XAD- 2

Non-ionic resin 5 XAD- 4 Non-ionic resin

5 | RA-93 Weak base anionic resin 7 5 I RA-400

Strong base anionic resin, gel type

5 | RA- 401S Strong base ani oni c resin, gel type

9 | RA- 900 Strong base ani onic ré5|ﬁ 10 macroreticul ar
type mea suredloand ’H’i@‘ gc?ﬁlt aé: ?hl%gtggsﬁ?ﬁ ' P! €hd Eidute rose
macroreticul ar type : I e resrns used were
Anberlite resPn@0Suppf i §hebyon4<§imal \amuxetaaslgohpaaq The resin was
Exanpl € 2 regenerat@d9pMisddddde 399 Wasedd a@?i’uﬁl@saﬂ%%ma

and saturated Wth col oguréd i urltles assage ent Spl |ng bath
as used in Blahpl 8nd t(ﬁﬁoagﬁeldt Voiﬁéleﬁeé oﬁqueotlési“ﬁ &daX t h

ei ther 10% aﬂalﬁeUanBlaEHhQ@hla%g%eaaﬁeébthaﬁgiJi)ﬁr w%Qemuaétiein @frki%rr Wy ch
the liquor wa off and its tﬁEOLH assessed. Ttglhfg soakl an&d
dr ai ni ng tre%f?ﬁﬁﬁiewa% r%?)%?af%d k¢ "e 19 heshern FOBH | Fesul;

very littl e setoessiVderunsi webhadadetol regener at ed to the hydroxide
form but retained nost of the coloured 25 inpurities. In contrast, the
first HCL Iiquors were highly coloured while the last liquors contal ned

little col ouRun NuRREY of the col our@d¥MQPagsed/madrefidh wism\&klated t he

resin in the chloride formcould now be r RRORratf tof tired AGMGRRr oxi de

form by treat ment wi th aqueous NaOH. 30
Exanple 3 10 1 Anberlite | RA-900 resin was sa@@t¥%ted with col oured

2 1.70
4 1.45
10 and subsequently 1.25

15 Fresh resin was found to be more effective than regenerated
resin. However, if the HCl wash was omitted, the capacity of
the column in the sense of the results tabulated above

rapidly fell towards zero.

Example 6

20 A pilot plant for the manufacture of regenerated
cellulose fibre was equipped with an ion exchange column for
the purification of spent spinning bath. The column
contained 100 1 Amberlite IRA-900 strong anion exchange
resin, the depth of the resin bed being about 750 mm. The

25 plant was operated discontinuously over a period of more
than 2 years, and was capable of producing 200 kg/day
regenerated cellulose fibre. The spent spinning bath
typically contained about 800 kg/day NMMO as a 20-25%
solution in water. The ACOD of the spent spinning bath was

30 in the range 0.015-0.035 before passage through the column
and 0.004-0.005 afterwards. The AOOD of the purified bath
remained constant until around 1500 kg NMMO had passed
through the column, after which it began to rise, showing
that the resin required regeneration. The resin was

35 regenerated by the series of treatments shown in the



&

inmpurities as described in Exanple 2. The bed of resin was

t hen - soaked in agqueous HO of various strengths for 10 m nutes, after
whi ch the liquor was drained off and its optical density nmeasured, with
the follow ng results: HCL % O D. 5
0 0 1 0. 40 2
0. 45 5 0-483 - 10
0.65 10 . Exanpl e 4 Anberlite | RA-900
resin was sa 3%é?ganajFﬁb%8roured inmpurities as described in Exanple 2.
It was then soaked 10 times with a single bed volune of 3.6% HC, each
soaki ng &hd for 30 m nuteg.gf ch the |iqyoke o
of f. The optlc ? gen5|ty of each o? ?ﬁiu@%ésanples of %%2uru§?llquor was
then measured. Results were expressed as t he percentage of the total
amount of col our gnnved in aII 10 soaki ngs. Bed vol unes
Col our renpViMS, p@rainsdeyn) ~ per soaking cumil ati ve

Water 2 Forward

5 Water 3 Backward

5% HC1 1.5 Forward

Water 4.5 Forward

4% NaOH 3 Forward

Water 9 Forward

10 After the initial commissioning period, the capacity of the
column and the quality of the purified bath (as shown by its
AOOD) remained steady. The original charge of resin was used
throughout the whole period.
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Exampl e 5 Anberlite I RA-900 resin was pl aced 1 Ltte
to forma 10 m bed and eluted wth spent spinning bath contalm

by weight NVMO in water and having ACOD 3406 30 at_a rate of 10 bed

vol unes/ hour until 3 g NMMO had passed per 1 g resi .3'hq ﬂggﬁaﬂiden5|ty
of the eluate was l R J
measured, and the point at which the ACCLAIMSt he %L to 20% of
the original value cal cul at ed. The resin was regener at ed by passage of

(1) 3 bed vol unes 3. 6% agueous HC1, and (2) 2 bed vol unmes 5% aqueous
NaOH. The high fl ok 5 patRragessa ﬁpgh ttheyr menufackhzestdHn regenerased n

order to F6 0V 8@ §§t:’f"éfe§e§ﬁcmdiﬁk§u£ﬁé'§heﬂ'§‘eof-esu'ts of

successive runs were as follows: - n nunb g NWD
passed/ m resin when eluate AOOD = 20% of
feed ACOD 10 1 (a) dissolving cellulose in a textd@ry aminé N-oxide
i.;g 54 to form a solution; 1.45 10 and subsequently

(b) contacting the solution with an agueous bath to
precipitate regenerated cellulose and to form
spent bath;

(c) purifying the spent bath by treatment with a

10 strongly basic anion-exchange resin in hydroxide
form,

characterised in that the resin is regenerated by successive

treatment with:

(1) an aqueous solution of a strong inorganic acid;
15 and
(2) an aqueous solution of sodium hydroxide.

2. A process according to claim 1, characterised in
that the regenerated cellulose articles are fibres, films or
tubing.

20 3. A process according to claim 1 or claim 2,

characterised in that the amine N-oxide is N-
methylmorpholine N-oxide.

4. A process according to any preceding claim,
characterised in that the spent bath contains 5 to 40 per
25 cent by weight amine oxide.

5. A process according to claim 4, characterised in
that the spent bath contains 15 to 35 per cent by weight
amine oxide.

A
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15 Fresh resin was found to be nore effective than regenerated resin.

However, if the HCl wash was omtted, the capacity of the colum in the
sense of the results tabul ated above rapidly fell towards zero.

Exampl e 6 20 A pilot plant for the manufacture of regenerated
cellulose fibre was equi pped with an ion exchange col um for t he

purification of spent spinning bath. Thel8orum contained 100 1
Anberlite I RA-900 sgron ' C e .. resin,_the depth. .of the resin
bed bei ng about 7SOEMET@§%%;%% sdl(%’er ?eaa'ﬁﬁ'sc?& qEAE) )‘f(i&}g't’ a
peri od of notkaractemhsedyedns, thatl wabecapaliba-ekcpandaci ngs200 lig/ day
regenerated gebtdlRsesfl i Jhe t L o b Yypitc nt ai ned
about 800 kﬁ?gay NN%EYasggsgbq§55§§fﬂs%§%%%¥ﬁl| fé§i§(0ﬁn&§ A%%%*ﬁ#pthe
spent spinning bath was 30 in the range 0.015-0. 035 before passage through

the col um and 9, 0043 0. g¥Mcaifd eaeioddinghet 8O gt did | edaliat, h
remai ned %?nﬁgant unt{l @round %500 kg N had gassed t hrough the
afl f ) t r é§

col um, RTHF gan™t otRfte, CRRoWARLON-CERHANGRe FEBELR ui Red
regener at i omadiwpoesus) resifb regenerated by the series of treatnents
shown in the - 13 - fol |l ow ng
t abl e: Li quor Bed Vol unes Direction of Wash
8. A process according to any preceding claim,

characterised in that the strong inorganic acid is selected
from the group consisting of hydrochloric acid and sulphuric
10 acid.

9. A process according to any preceding claim,
characterised in that the solution used in treatment step
(1) contains 1 to 10 percent by weight of the acid.

10. A process according to claim 9, characterised in
15 that the solution used in treatment step (1) contains 2 to
7 percent by weight of the acid.

11. A process according to any preceding claim,
characterised in that the solution used in treatment step
(2) contains 1 to 10 per cent by weight sodium hydroxide.

20 12. A process according to claim 11, characterised in
that the solution used in treatment step (2) contains 2 to
6 per cent by weight sodium hydroxide.

13. A process according to any preceding claim,

characterised in that 1.0 to 1.1 mole sodium hydroxide is

25 used in treatment step (2) for each equivalent of acid used
in treatment step (1).

14. A process according to any preceding claim,
characterised in that 1.0 to 5.0 bed volumes of aqueous
solution are used in each of treatment steps (1) and (2).

T




None, (drai n down) - Wat er 2

Forward 5 Water 3 Backwar d 5% HC1
1.5 For war d Wt er 4.5

For war d 4% NaOH 3 For war d Wt er

9 For war d 10 After the initial comm ssioning period,

the capacity of the colum and the qual 16ty of the purified bath (as shown
by its ACOD) remaj gedy st essTh%c(?:r zgh'?x%J Egargﬁy()fpf <§é<ﬁng c a d

t hroughout the whol e peri q -
CLAI M5 characterigeqd obesshator thee meaifaci®r evaghedgaharizied the
cel lul ose arfegeRSr&OIOR! Thyd el nﬁ'_tﬁ{ eﬁét@f before treg tufdntdl §§€gv'('1
cellul ose i a tertiary amne N-oxid orn1a solTUtio

(b) contacti?y ‘l"ﬁ%nsﬁlrﬁf’tﬁ‘ﬁ“\ﬁn 3 eps abhbo%dbétzﬂ rt dmd after treatment
precipitat® stepreppnerated cellul ose articles and to form
spent bat h; (c) purifying the spent bath by treatnent with a 10
strongly basi c ani on-exchange resin in hydroxide form

16. A process according to any preceding claim,
characterised in that the spent bath is additionally passed
through a cation-exchange resin.

17. A process according to claim 16, characterised in

10 that the spent bath is passed firstly through the anion-

exchange resin and secondly through the cation-exchange
resin.

18. A process according to any preceding claim,
characterised in that the spent bath is filtered before
15 passage through the anion-exchange resin.

* [ L M H *



characterised in that the resin is regenerated by successive t reat ment

W t h: " (1) an aqueous solution of a strong inorganic acid; 15
and (2) an aqueous sol ution of sodi um hydroxi de. 2. A
process according to claim1l, characterised in that the regenerated
cellulose articles are fibres, filns or tubing. .20 3. A process
according to claim 1 or claim 2, chafacterised] ];«Fm %T'{e;

am ne N-oxide is N- met hyI nor phol i ne N-oxi dé ;

process according to any preceding claim  charaetesis B2 hat_the
spent bath contains 5 to 40 per 25 cemrABSERAGY ght am ne oxi de. 5.

A process according to claim4, characterised in that the spent bath
contains 15 to 35 cent b am ne oxide. 6
A process accor di r&%@%f%{%@}%@&m anine Nipwide sucheds N-meihyihe

ani on- eXChaﬂWrgﬁl@@l{hé SNaoxid8UakeHNdhy HEMMMMIEd@airfe CONt 2eGeR8rated
-CI—|[err]N(CI—‘|£ei'“ sqrou ps.
e lo can be purified by passage through a strongly
5 basic anion-exchange resin. The resin is regenerated by
treatment with (1) an aqueous solution of a strong inorganic
acid such as hydrochloric or sulphuric acid and (2) an
aqueous solution of sodium hydroxide.

his Sheet Has Been Replaced
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7. A process according to any preceding claim 5 chara@;ﬂ:;l@ced in that
A

t he ani on-exchange resin is a macr opor ous resin.

process according to any preceding claim characterised in that t he
strong inorganic acid is sel ected fromthe group consisting of

hydrochl oric acid and sul phuric 10 aci d. 9. A process
according to any preceding claim ~cppracterised in that the solution
used in treatnment step (1) contains 1 to 10 percent by weight of the
aci d. 10. A processPUREF INGFEAIRIGNSN 9, characterised in 15
that the solution used in treatment stgRhfontains 2 to 7 percent by
wei ght of the acid. 11. A process according to any preceding
claim characterised in that the solution used in treatnent step (2)
contains 1 to 10 pef.aaal o dﬁydﬂy:o%oghqﬂthE“NDﬂﬁ¥ae sd@% as N-méZhylA
process accordi ng t'o cIa|n1 1, characterised in he solutlon gse

in treat nenmosphpline dbrside msed in 6ﬁﬁnm%ﬂﬂﬁaQEPR&ﬂ%ﬁtr?@&?ﬁﬁ? e

hydroxide. ceiljlulose dan %&rﬁﬁﬁﬁléﬁc%gd';ﬂ%é @nyhabagndlmgstlrahqny
characterised in that 1.0 to 1.1 nol EX|de is 25- useﬂ

tr eat nent SsPagi Ezﬁﬁkﬂneﬁﬁﬁpéﬁﬁ?v§?§ﬁﬂ(ﬁ éhﬁ T IFL2THe ?dngp
(1) treai;ﬁzentAwmlthCQs.s) aacagudobug si@lxﬂnbmproefcadshgongl dnorganic

h d d.volu d
' cach of *EPAH AR s B8ps PSR ORRACE 3f - o SulbnfEkEC K1 SR C1) 26 tse

aqueous solution of sodium hydroxide.
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o8 t erins #°
- 16 - 15. A process according to any preceding clalm
characterised in that the resin is washed during the eg:

with water before treatnent step (1), bet ween trea

(2), and after treatnent 5 step (2). 16. A process” accepd’ng to
any preceding claim characterised- ri4 at the spent b@hh hsf :
additionally passed through a cation-exchange resin; e ”)17 A

process according to claim 16, characterised in 10 that “t-he--spent bqth S
passed firstly through the anion- exchangs resin aphd secondly through t he
cati on-exchange resin. 18. TATprocess accordlng to-any—pr.ecedi ng
claim characterised in that the spent bath is filtered before 15 passage
t hrough the ani onlexchangeroe®sss). for the manufacture of regenerated

cellulose articles comprising the steps of:

(a) dissolving cellulose in a tertiary amine N-oxide
5 to form a solution;
(b} contacting the solution with an aqueous bath to
precipitate the regenerated cellulose articles
and to form spent bath;

N (c) purifying the spent bath by treatment with a
10 strongly basic anion-exchange resin in hydroxide
form,

characterised in that the resin is regenerated by successive

treatment with:

(1) an aqueous solution of a strong inorganic acid;
15 and
(2) an aqueous solution of sodium hydroxide.

2. A process according to claim 1, characterised in
that the regenerated cellulose articles are fibres, films or

tubing.

20 3. A process according to claim 1 or claim 2,
characterised in that the amine N-oxide is N-

methylmorpholine N-oxide.

4. A process according to any preceding claim,
characterised in that the spent bath contains 5 to 40 per
25 cent by weight amine oxide.

5. A process according to claim 4, characterised in
™~ that the spent bath contains 15 to 35 per cent by weight
amine oxide.
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