Process for Preparing Mononers and Pol ymers Thereof The present invention
relates to processes for preparing ethylenically wunsaturated am des or

et hylenically unsaturated carboxylic acids and their salts 5 fromthe
correspondi ng ethylenically unsaturated nitriles. Technical Background It is
known to manufacture ethylenically unsaturated am des, such as 10 acryl am de
by hydration of the corresponding nitrile.,US4820872 descri bes such a
process using a black copper catalyst. Lt is also known to convert
ethylenically unsaturated nitrites to the corresponding ethylenically
unsaturated carboxylic aC| d by reactl on of concentrated sul phuric acid with
the nitril ePréagss fonf¥eparing Nongm sbbolymerPTirereaf3o474. 15 The enzymic
catal ysis of chem cal reactions is vvel I -docunented inthe literature. It is
wel I known to enpl oy btocatal ysts, such as mcroorgani sns that contain
enzymes, fofThe present invgntndsrerdaiestormaceéseaﬁorpJeparinngtbyleniz:gilwes that are free

of mcroor anl S s kngwn varioys eth nica satu at ed
nononer s 20 %i% aﬁ‘w%‘?@&u{‘fsﬂt&r e% &;ﬁtceacgcisagwﬁslr r?ﬁ R®rial into
the desi Bedfroﬁﬂh@rﬁéfrebg onthiey ethylenigamcaisaturated Mirilgs. t e hydrat ase enzynes are
known to catal yse the hydration of nitriles to the corresponding am des.
Typically nitrite hydratase enzynes can be synthesized 25 by a variety of
m croor gani §gBmnnitA'BdRSioange m croorgani sns of the genus Bacillus,
Bacteri di um crococcus, Brevi bacterium Corynebacterium Pseudononas,
Aci net obacter, Xanthobacter, Streptonyces, Rhizobium Kiebsiella,
Ent er obact ey ter,
Agr obact eri utrhsw o'rrllgﬁg{ W@@ﬁixleg\octgg (H:ﬁés:étg{léed%'ﬂ%&r%gﬁ%z& %) 2

10  acrylamide by hydration of the corresponding nitrile.-US4820872 describes such

a process using a black copper catalyst. It is also known to convert
ethylenically unsaturated nitriles to the corresponding ethylenically unsaturated
carboxylic acid by reaction of concentrated sulphuric acid with the nitrile, for
instance as described in EP-A-0330474.
15
The enzymic catalysis of chemical reactions is well-documented in the literature.
It is well known to employ biocatalysts, such as microorganisms that contain
enzymes, for conducting chemical reactions, or to use enzymes that are free of
microorganisms. It is known that various ethylenically unsaturated monomers
20 can be prepared by converting a substrate starting material into the desired

monomer by use of a biocatalyst.

Nitrile hydratase enzymes are known to catalyse the hydration of nitriles to the
corresponding amides. Typically nitrile hydratase enzymes can be synthesized

25 by a variety of microorganisms, for instance microorganisms of the genus
Bacillus, Bacteridium, Micrococcus, Brevibacterium, Corynebacterium,
Pseudomonas, Acinetobacter, Xanthobacter, Streptomyces, Rhizobium,
Klebsiella, Enterobacter, Erwinia, Aeromonas, Citrobacter, Achromobacter,
Agrobacterium, Pseudonocardia, Rhodococcus and Comomonas.
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It is known to produce acryl am de and ammoni um acrylate fromacrylonitrile
on an industrial scale using as a catalyst nitrile hydratase and nitril ase
respectively. Wen producing these products biologically it is desirable to
enpl oy an enzyne which is capable of produci ng aqueous sol utions of
acrylam de or ammonium5 acrylate in high concentration and yet is not

poi soned by acrylonitrile and high concentrations of acrylam de or ammoni um
acrylate. Many references have described the synthesis of nitrile hydratase
wi thin nicroorganisns Arnaud et al. gric. Biol. Chem 41: (11) 2183-2191

(1977) | t he, characteri stics of .an en t hey ref. 0 as
Cacet bni 1 1 1EBEnoRA T pEER R TRe dpyBonfR A el ella of e o
acetate vi aéMﬁdl@smaI%calerumg@sla%b dyst\ﬁmﬂ@h@draedse,arwntrnaseﬁle@ﬂaectn%lgm 46:
(5) 1183-1189 é198 i sol ated Pseudonpnas  chl ororaghl s B23 whi ch produced

nitrile hydrdhespradycingithesasprodusts yiltds desirahle {a employianenzyme

acryl am de, vﬁﬁé}?fsaéd BBIe"&%rSédcuyécgJeéﬂb G@lutﬂr’i%f%rfléhid‘é&é?ﬁm&ﬁﬂﬁﬂa et al.
Agric. Biol. g 2365 (1986) entit ’ﬂ)tl mum cul ture
ri

condi ti orﬁs faml@teombtgh Qﬂmcaptraimm@rmhwqilﬁp@pae@bmagm e@nchhighi | e
hydr at ase" &gg&tpﬁbﬁg of QEW%% §%mép‘1" a{:@%tgﬂadl um conmponents of the
ein d

grow h rredl um 1 nc cer ad nitrile hydratase synthesis.
Met hacryl am de was found to be the best inducer for this organism 20

by Nowey ot My Plerefi6cs e ddhsfibea b S Bs8ior i Hhakdntt B et aboltsm
of acryl oni tmicfabr@mﬁhem:mehu @t BNAAYNeNBiok Chéas otk pey 2186-219a1(2979n  and

growh of th ctelumK eurmlae and jts subsequent rapid utilisation
25 of actlyl SPF' ﬁr?ﬁaf‘%ﬁt ic3A @ﬂe%’f‘]ﬂ%ﬁ}’ sRfenig aﬁﬁ@"t'ﬁé?? ffur t her

hydrolysed tgreviBgététilith S?FR§12 Wﬂﬁtthe?Pd?!eyéb%ﬁlthI%% ake@td'vib M8 amiNT | chent
culture technique wth acrylonitrile as the sole nitrogen source at pH 7.5.

Vari ous st r dniggmediaten AspRe gbalocAdris. Bisb ddemt- ¢8s (BHd8Bek! 8R{188hdeslatedund t o

f’ge"ery et T §54duliBmbnBS BHISraphis B wiltiPprRkbacS: REHIY drakiedo 33aaeb descri bes

the conversion of acrylonitrile to acrylamide, generating 400 g/L acrylamide. The
15 article by Yamada et al., Agric. Biol. Chem. 50: (11) 2859-2865 (1986) entitled,
“Optimum culture conditions for production by Pseudomonas chlororaphis B23
of nitrile hydratase”, considered the optimisation of the medium components of
the growth medium, including the inducer added for nitrile hydratase synthesis.
Methacrylamide was found to be the best inducer for this organism.
20 Methacrylamide was included in the culture at the start of growth.

A paper by Nawaz et al., Arch. Microbiol. 156:231-238 (1991), entitled
‘Metabolism of acrylonitrile by Klebsiella pneumoniae’ describes the isolation
and growth of the bacterium K. pneumoniae and its subsequent rapid utilisation

25 of acrylonitrile and formation of acrylamide which was then further hydrolysed to
acrylic acid. The organism was isolated using an enrichment culture technique
with acrylonitrile as the sole nitrogen source at pH 7.5.

Various strains of the Rhodococcus rhodochrous species have been found to
30 very effectively produce nitrile hydratase enzyme. EP-0 307 926 describes the
culturing of Rhodococcus rhodochrous, specifically strain J1 in a culture



cul turing of Rhodococcus rhodochrous, specifically strain J1 in a culture 3
medi um t hat contains cobalt ions. The nitrile hydratase can be used to
hydrate nitriles into am des, and in particular the conversion of
3-cyanopyridine to nicotinamde. This organismis further described in

EP- 0362829, which describes a nethod for cultivating bacteria of the
speci es Rhodococcus 5 rhodochrous conprising at | east one of urea and cobalt
ion for preparing the cells of Rhodocogcus rhodochrous having nitrile
hydrat ase activity. Specifically described is Rhodococcus rhodochrous J1.

Rhodococcus 0 i Lok yl am de
10 nononer frﬁ%ﬁ&rﬁ étlc'{)bﬁtq]&ﬁ ?égaéﬁéﬁ?hﬁg%?@%g@ggﬁgé een s%ct?lh d%{%
Eag?(sawg angtn[?sgmdeaml_ﬂbs Snﬁﬁplpartﬁbkantheﬁ:bnvmmn deE@/dnbﬁgﬁdlne flbOB e\(/l1 g\év6§)aper
y Yanmada and Ko S 0SCi . i O

charts the d’é%'ﬂﬁ%’@nhf%?q%'sﬁ? ﬁ?ﬁﬁ 3?‘:{%&‘1 %sgg%?g%ﬂ hf%' producti on of
acryl am de rqeserimis alﬁ\etrmdafoﬁ@lﬁlﬁ@éﬁnpqiab@ﬁadttw;ivecﬁslmhdcmcbedtas descri bes the
three generations of catal devel oped for the industrial productl on of

acryl ani de crnocﬂﬁqhéausff@mrﬁmgmfda@si@ae @6 ureacecgabalidomfor prepasiRg e i um t hat
requi res cohalt oﬁﬁh é:fgc??s FH&%Q&H&)D!; hﬁww RitrAE AFErafibeVattivitdl SPecificlipl yses the

formation of acry omacrylonitr Thé nitrile hydratase 1s 20

synt hesi sed dmcmsﬁ@docmﬁsmdﬂdﬁmsb’éct eriumdue to the presence of urea
as an inducer in the culture nmedium Leonova et al., Appl. Biochem

Bi ot echnol . 88: 231-241 (2000) entitled, "Nitrile Hydratase of
Rhodococcus"Rhatdiesocdusahodduhrousoit, tis ased cmynmemﬂl; toMmanufacture az@lanyldeat ase in

rea i n The THEAHTEH rh AGHanrs k! EHOAE 3steph leie B RENegrs Bl uc n by
thi s organi sind Yerhadd, Puse ApBR Ohesrlie7e 124101258 (9995) trile hydratase activity.
This literature paper mainly | ooks at induction and netabolic effects.
A review paper by Yamada and Kobayashi, Biosci. Biotech. Biochem 60: 1391-
1400 (1996) charts the development of the biocatalysed process for the
15  production of acrylamide monomer up to a concentration of 50%. This review
describes the three generations of catalyst developed for the industrial
production of acrylamide culminating with Rhodococcus rhodochrous J1, a
bacterium that requires cobalt as part of the nitrile hydratase enzyme which
catalyses the formation of acrylamide from acrylonitrile. The nitrile hydratase is
20 synthesised in very high levels in the bacterium due to the presence of urea as
an inducer in the culture medium

Leonova et al., Appl. Biochem. Biotechnol. 88: 231-241 (2000) entitled, "Nitrile
Hydratase of Rhodococcus", describes the growth and synthesis of nitrile

25 hydratase in Rhodococcus rhodochrous M8. The NH synthesis of this strain is
induced by urea in the medium, which is also used as a nitrogen source for
growth by this organism. Cobalt is also required for high nitrile hydratase
activity. This literature paper mainly looks at induction and metabolic effects.

30 Leonova et al., Appl. Biochem. Biotechnol. 88: 231-241 (2000) states that
acrylamide is produced commercially in Russia using Rhodococcus



30 Leonova et al., Appl. Biochem Biotechnol. 88: 231-241 (2000) states that
acrylam de is produced commercially in Russia using Rhodococcus 4
rhodochrous MB. Russian patent 1731814 descri bes Rhodococcus rhodochrous
strain MB. It is also known to produce anmoni um acrylate directly from
acrylonitrile by the 5 action of a nitrilase enzynme (Hughes et at (1998)
Ant oni e van Leeuwenhoek v 74 pl107-118). This article describes producing
1.3 M anmmoni um acryl ate continuously, ysing imobilised Rhodococcus ruber
at 30C, the catalyst having a half life of over 47 days. The nitrilase also

had a very |pyy 53 paldih 478100 QB MhOAMdle thus the

concentration o acry I na amoni um acryl at e product was
zero. NagasahadonhrmisstrakpMB M crobi ol . Biotechnol. 34:322-324 (1990) al so
describe the use of the nitrilase of Rhodococcus rhodochrous.J1 for the
synthesis of acrylic and nethacrylic acid. They | ooked at the effects of

tenperat ure,|t x%%l@ﬁmdmnbtmodilﬁ;ecaiﬁmenmﬁmrylateadicchfr@ﬂﬂ&rwmmectuy thdre
reaction._ Internatiopal application nunbe 1PP%EPO4/ 013252 (cgse r ef erence

BT/ 3- 22351)action gl nitdlage enzyme dHyghes ebal nignie; li cation,
describes a7 Qmmfs)oqh&aémamd\eemdbslp?oﬂw@ﬁmaﬁmmmmﬁ stral h 2368

(NCIMB 20 41164 a nutant thereof. This mcr oorganl sm can produce nitrile
hydr at ase @%W@W uang@nmbllﬁg@%pdpmca%ﬂweém 090, éhe @atatYfSW%Wﬁgje or

| nternationgly, QPIHIB ﬁ&égqﬁ't Y5 he rﬁ%@@%ﬁl rac O%er&%ﬁ‘knﬁ%%%?%@ BT13-

22348) al so unpu ate o resent application, 25
descri bes a migmemdles t’mraganlnmmﬂeMusltha concertration ofa:r;dwmirllenmdheﬁnald MB 41165,
or a rmta) t her eof . ge ﬁﬁ(w an| m can produce nitrile hydratase enzyne
sui t abl e fora%'gﬂwgﬂ? a cl?ffi o) 'tO acrylam de or both nitrite

hydr at ase and am dase enzynes sui tabI e for preparing acrylic acid, or salts

thereof such as <awa et al., Appl. Microbiol. Biotechnol. 34:322-324 (1990) also describe
the use of the nitrilase of Rhodococcus rhodochrous J1 for the synthesis of
acrylic and methacrylic acid. They looked at the effects of temperature,
15  acrylonitrile concentration and pH conditions on the reaction.

International application number PCT/EP04/013252 (case reference BT/3-
22351), unpublished at the date of filing of the present application, describes a
new microorganism which is Rhodococcus rhodochrous strain 2368 (NCIMB

20 41164) or a mutant thereof. This microorganism can produce nitrile hydratase
enzyme suitable for converting acrylonitrile to acrylamide or

International application number PCT/EP04/013251 (case reference BT/3-
22348) also unpublished at the date of filing of the present application,

25 describes a new microorganism which is Dietzia natronolimnaios NCIMB 41165,
or a mutant thereof. This microorganism can produce nitrile hydratase enzyme
suitable for converting acrylonitrile to acrylamide or both nitrile hydratase and
amidase enzymes suitable for preparing acrylic acid, or salts thereof such as
ammonium acrylate.
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ammoni um acrylate. 30 5 Acrylonitrile as it is produced, e.g., by the
ammonoxi dati on of propylene, generally contains high levels of inpurities,
such as acrolein. Acrolein generally occurs as a byproduct during the

manuf acture of acrylonitrile. Oten the amount of acrolein present in
acrylonitrile will be above 2 ppmand often significantly 5 higher than
this, for instance 20 ppm and sonetinmes as nmuch as 50 or 100 ppm or higher.
The ability of m croorganisnms to renoveginpurities including acrolein from
waste streans has been described by ngtt and Know es in International 10

of o m xeq ATRONEIGES 1 FRRAEEH. £ by o BBdaddlin JERPATES noCul (hreto

detoxify a rgjenetiallwaehﬂlrsth’igmmvelbtof impwitiescéumtl dshedroleinl. iAmoIm'r»@em]lyt ure to

degrade |l ow | evel s of acr C .SpPeci es i cl udi | ei Q. wo I d occ
readi |y. 15 OfR¥SASA %yprad 9"'8656?@ BtuEFe?%rYa[W'ﬁ"?n@lt?n r| l es or
to renmove nigfgitofein bféyéhﬁﬂ‘diﬁ(lmlﬂélwm&)d'@ébvbmrﬁ%ﬁﬂ rdftbﬁ@ngrﬂﬁcﬂﬂlm/ 27016.

The nitriles include acrylonitrile, acetonitrile and acrql eln cganohydrln
as they Sugdugher than thig fesiinstance 20 ppra aadsometimes asdnuethas at op 189
cyanohydri n,o rthey describe the capability of their mcroorganismto

convert acrol el cyanohydrln to acid. The 20 detoxification of nitriles
particularly those present in waste streans, including acrolein cyanohydrin

to their am s the
use of the rﬂ&%h%gﬂ%ﬁ @gﬁr thugré] ?%%%é‘geaﬂf@? 'é{)g]@'rue %cr?lllgﬁ'ﬁﬁ: cfrh le‘%fglﬁéom an

am de pr eparstreams rmsdieeasjescmbédaby\dlqatt’éhd Kmiowtasoin diaterreational nmul tiply i nduced
to enabl nvers ion t-nitriles in the waste 25
St r e Onovinetarato ang Pistefipaaih Bosipe oA Thebitaibed ey on o
WaStF Slt r e rAiked cliture®f hicroléd infthe formh 6 PAdtivelyrowingultute ton cont ai ni ng
ppm T evers detoxify a mixed waste stream. It is expected that a live mixed culture to

degrade low levels of acrylic species including acrolein would occur readily. .

15  The use of a microorganism to detoxify a mixture of nitriles or to remove nitrile
from amide mixtures has been described in WO 98/27016. The nitriles include
acrylonitrile, acetonitrile and acrolein cyanohydrin as they suggest that acrolein
is present in the form of acrolein cyanohydrin, thus they describe the capability
of their microorganism to convert acrolein cyanohydrin to acid. The

20 detoxification of nitriles particularly those present in waste streams, including
acrolein cyanohydrin to their amide and acid counterparts is described. Also
described is the use of the method of detoxification treatment to remove nitrile
from an amide preparation such as acrylamide. The microorganism is multiply
induced to enable the conversion of a numbewr of different nitriles in the waste

25 streams. However the description refers in the main to detoxification of waste
streams or nitrile removal from a prepared amide solution containing ppm levels
of nitriles. No mention is made of the preparation of acrylamide from an
acrylonitrile substrate that may contain high levels of acrolein or of the fact that
the acrolein is a known problem for the preparation of high grade acrylamide

30 polymers and thus its removal is essential. They are mainly interested in
mixtures of nitriles or nitriles/amides.



of nitriles. No nention is nade of the preparation of acrylam de from an
acrylonitrile substrate that may contain high |evels of acrolein or of the
fact that the acrolein is a known problemfor the preparation of high grade
acrylam de 30 polymers and thus its renpval is essential. They are nmainly
interested in mxtures of nitriles or nitriles/amdes. 6 It is necessary
that acrylonitrile which is used to produce acrylam de or acrylic acid is
essentially pure and free frominpuriti gs such as acrol ein. The presence of
acrolein in acrylam de nononer or blends of nononers containing 5 acrylam de
and/or acrylic acid generally results in unwanted cross-|inking of the

pol ymer. Such cross-linking is undesirable, since in the preparation of

wat er  sol ublt is neckysary $hat megdanitribihicie isased|to pkadugevasnylamidesariacrylia f or i ng

at | east artial i nSOl rs. Si.nce r I i

uncontrol | gaa"ﬁ %séss}éew%&ipﬁ‘g% g?@@’%&@%‘ﬁ@'ﬁﬁs ﬁ%ﬁ‘o%e%rﬁleﬁ{' J;H g?”%%‘%\%%i ni ng
afldi tibves gsafgbctdge[zihm gcwmrmdemdnb ﬁmbkhlendssfsmbhgm& q:udritairrm;; product s f:fank .
al so be undesira : cause. su roducts nmay be rendered too cross-1|inke
for the mar (AERBIde e oakTis Ao eeripralygstis nunwanied RESTAKIET SEPRCe 1 o
remove i npurpdiyrer. SttHcrass-MKiy BiundesiFabie, sitelih & prebhratiphiopvate? t he
conversion to either acrylamde or acrylic acid and its 15 salts. Typically

this i s donesaiyblepelymeratungdasirable prossrlinking woulsk regulé iif foaBING atjRAsy mer i sat i on
inhibitor s AR i - QW SR crolein in
acrylonitri Iﬁéﬁd@@dn%?blgﬁ) pu?'%@?%ug%%%a%%tss toﬂgﬁhgs%pm and

of ten | ess tlinking, itp prasence EBNoRAMexmiKBUIrde sontaining additivesatsetide faravovi ng

al dehyde 4 mpuLi t:i i sYe WEx i : tates that
a1 denyde!d ity Qonffel e gfodtiets B 53 BetaerinbIEBeaics™. T G2 (210
be renoved bguchqmbdudts naybe lenderedded trpsbinkead fgethe pyarticylad spptligatiome- pol yam ne
type ani on exchange resin having a styrene-divinyl benzene matri x and

pri mary and/ or secondary functional

Consequently it is standard practice to remove impurities, such as acrolein, from
acrylonitrile prior to the conversion to either acrylamide or acrylic acid and its

15 salts. Typically this is done by distillation in the presence of a suitable
polymerisation inhibitor such as para-methoxy phenol. Normally the levels of
acrolein in acrylonitrile used for this purpose must always be less than 2 ppm,
and often less than 1 ppm.

20 GB-A-2114118 describes a method for removing aldehyde impurities in
acrylonitrile and acrylamide. The method states that aldehyde impurities, such
as acrolein, in acrylonitrile and acrylamide can be removed by contacting with a
weakly basic gel type polystyrene-polyamine type anion exchange resin having
a styrene-divinylbenzene matrix and primary and/or secondary functional

25 groups. The quality of acrylamide is improved which enables the production of
polymers of satisfactory molecular weight for use as flocculants in water
treatment and other applications.

EP-A-0110861 concerns a process for the removal of acrolein from acrylonitrile
30 product streams. Acrolein is removed from a crude acrylonitrile product stream
in a recovery column by maintaining the pH in the zone of maximum acrolein



25 groups. The quality of acrylamde is inproved which enables the
production of polyners of satisfactory nol ecul ar weight for use as
flocculants in water treatnment and other applications. EP-A-01 10861
concerns a process for the renoval of acrolein fromacrylonitrile 30
product streams. Acrolein is renoved froma crude acrylonitrile product
stream in a recovery colum by maintaining the pHin the zone of maxi num
acrolein 7 concentration of the recovery colum at 5.25 to 7. Mst of the
acrolein exits the colum through the Hottom stream Hi gh purity
acrylonitrile is recovered from the tog stream 5 EP—A—QﬁQQZO? reveal s a

met hod for FeMREPYAtieN obIhgLAKRYEY eoldmnatamddal’- Mashat thederq'aig exHe ket i on

streams usi ggumncthidugh!tRé b¥orR WiehinC RlghPlritEEENIoRAKMe id R ovaRkITRin descr i bes
improving purification efficiency when distilling off aldehydes such as

acrol ei n duthefgpstieaimcal manufacturing processes by adding a substituted
aromatic amne (2-amno aniline, 3,4-dinethyl aniline and 4-ethyl 10

ant 111) 501 E91 okt lshisd i Goloi HSIGINBASRoparrhibgs 2, Mot hod for

removi ng acrolein froma gaseous or |i reaction with a
cheni cal scaemnfgeturinggitodisctiondtreamisyysingd distiltatiye phsification ltechnigue. lihea,

t hi ourea and_sodi um hi sul phate. This nethod particul.anl r.ns

removi g acPEieaeoheg ibaBBe sl caiR Piisrs s ST AR RS
acrylonitri b&ch’@@fé@roldwdam'_ing:lﬁrﬁicéllsm@ﬂlf@ﬁuﬁint??bl’ﬁcém?mdadcgi\g:@ addi ti onal
Consequent| SUptIed PRI B et apfioe rkclingihilarticd a4+ vt ds t he
need t 018ePaAnhfhE) pridr G MEdidfrabeEAufnom et hyl eni cal | y unsaturated nitrites,
e.g. acrylonitrile. D sclosure of the Invention 25 Therefore according to

t he present invention we provide a process of preparing o
US 5606094 describes a method for removing acrolein from a gaseous or liquid

mixture by reaction with a chemical scavenger such as sodium hypochlorite,
hydroxylamine, urea, thiourea and sodium bisulphate. This method particularly

15 concerns removing acrolein from gaseous or liquid mixtures also containing
acrylonitrile where the acrolein is selectively removed.

Such additional processing steps for removing acrolein are both costly and time-
consuming. Consequently it would be desirable to provide a process that

20 avoids the need to separately remove acrolein from ethylenically unsaturated
nitriles, e.g. acrylonitrile.

Disclosure of the Invention

25 Therefore according to the present invention we provide a process of preparing
an ethylenically unsaturated amide or an ethylenically unsaturated carboxylic
acid or salt thereof from the corresponding ethylenically unsaturated nitrile, in
which the nitrile is subjected to a hydration and/or hydrolysis reaction in an
aqueous medium in the presence of a biocatalyst,

30 wherein the nitrile contains above 2 ppm acrolein and the amide or carboxylic
acid contains less than 2 ppm acrolein.



an ethylenically unsaturated am de or an ethylenically unsaturated
carboxylic acid or salt thereof fromthe corresponding ethylenically
unsaturated nitrite, in which the nitrite is subjected to a hydration
and/ or hydrolysis reaction in an aqueous nmediumin the presence of a

bi ocatal yst, 30 wherein the nitrite contains above 2 ppm acrolein and the
am de or carboxylic acid contains |less than 2 ppmacrolein. 8 Detailed
Description of the Invention The biocat8lyst may be a mcroorganismin the
formof whole mcrobial cells or fractured mcrobial cells that contains an
enzyme or erDatsikRe Degoription of the Ieventiert i ng an et hyl enical ly unsaturated
nitrile to the corresponding am de or carboxylic acid or its salts. The
enzynmes could be nitrile hydratase, nitrile hydratase and am dase or

nitrilase f%eesf&a@él?st ﬂ&seb@b%@io&géﬁﬁsnﬁrwme%meﬂwh@é nAiciobidresiisér on brot h

containing the cellu mat er | al ells or disrupted cellular material
recovered byrashied qupﬁbce'ﬁﬁh%icﬁ?&ﬁﬁs &), 8RS %F'ne'b’-rygﬁér‘@@a@@ Qfsi ng any
sui t abl e ssugaRh SIS U8 StupRES hitdl tcpméscsd?.leeabﬁéahbxm.@é)aﬂoatl bl e
buf fer soI ution. tern tively the biocatal yst can purified enzyne or

m xture of eamoxpkc asid pa&sedts roe enzermascnou tgewtrﬂemydretaﬁs@veltﬂleund t hat
using a bi 0G; gﬁ@tg taﬁooar‘ﬁiyjc%gro“ th'ééé *o?%x%nﬂglie. G%ttﬁb rt §tan yﬂeruged 15 the

correspondin e Oor ca Meoge i concen Ions’ of "acrolein are
si gni fi cant lag a feduertdtiom bmtbabhlwrirtgethbmmlar robtesial; cbks or dismipfedund t o be
reduced to

ﬁ||°W ZF%EE} usual | hg 333‘ and often bel ow the | evel of
detection. [GE{armg G&Péerﬁg Rk lf%ngj eQPﬁ;?F%?ﬁ"ébﬂW Rfeﬂ?fg’ turated
nit r:c | e 29 t higitg ady?mealéhsm endifg irediundbudh Sc@ater bgpllwmélbguﬁaw r2 ile
manuf acturer to re t he eve ac ein to less t ppm |n one
aspect of t r?é’"lnﬁwﬁth”%ﬁf pfLtion. 0%'&%’@%’@!%@ CFF?gysﬁ'&ﬁﬁ &cf’l RHral E%Eif an
et hyl en: ra| lehziAe i WiRtuRSloPER A} ek TeXtFaétBe freRT thesRiersdrgihisthl ril e, and
especially
We have found that using a biocatalyst to convert nitriles that contain acrolein to
15 the corresponding amide or carboxylic acid, that concentrations of acrolein are
significantly reduced. Typically the levels of acrolein are found to be reduced to
below 2 ppm, usually below 1 ppm, and often below the level of detection. Itis
therefore possible to use an ethylenically unsaturated nitrile without the need for
additional processing by the nitrile manufacturer to reduce the level of acrolein
20 toless than 2 ppm.

In one aspect of the invention the process concerns the manufacture of an

ethylenically unsaturated amide from the corresponding nitrile, and especially

the manufacture of (meth) acrylamide from (meth) acrylonitrile. Preferably the
25 biocatalyst is a microorganism that is capable of producing a nitrile hydratase.

Alternatively in another form of the invention the process relates to the

manufacture of an ethylenically unsaturated carboxylic acid from the

corresponding nitrile, and especially the manufacture of (meth) acrylic acid (or
30 salts thereof) from (meth) acrylonitrile. Preferably the biocatalyst is a



t he manufacture of (nmeth) acrylam de from (neth) acrylonitrile. Preferably
the 25 biocatalyst is a mcroorganismthat is capable of producing a nitrile
hydratase. Alternatively in another formof the invention the process
relates to the nmanufacture of an ethylenically unsaturated carboxylic acid
fromthe corresponding nitrile, and especially the manufacture of (neth)
acrylic acid (or 30 salts thereof) from(neth) acrylonitrile. Preferably the
bi ocatalyst is a 9 mcroorganismthat [s capable of producing a both a
nitrite hydratase and an am dase. In a“further formof the invention the
process relates to the nufacture of .an 5, ethylenically unsaturated

car boxyl i ¢ JUFYOFIAHM H{}R(‘,Sb?? ﬂfo‘?rﬂ%“q’ﬂgﬁppé’,a’@ﬁﬂe%&r M9 nhe

manuf act ur e gpidgsget h) acrylic acid (or salts thereof) from (neth)
acrylonitrile. Preferably the biocatalyst is a mcroorganismthat is capable
of producing a nitrilase. 10 The biocatal yst could for instance be a

mi cr oor gani LSRRG TG bf IR ihVhtiBR MESproBass reldtss tofAE neriuthitie dflapr ococuss,

Brevi bacterium Corynebacterium Pseudononas, Acinetobacter, Xanthobacter,
St r ept ompe esthytenicallyiunsaturated isarhexylic agichfremdhe eereespordigantitiile, A8Hononas,
Citrobacter, ' ; ' ' ha and
Rhodococcus.esﬁﬁéélmgﬁéa J%?t“f%gé@@%g@%@M{gkf'gigpﬁé@?gg'ﬁeggﬁf%ﬂ@ &l? he
Rhodococcus ageyhenitrileanidreterably the biotatalyst is Rhoitoansganismrthaide capahle okpeci es. One
sui tabl e m crooraani ﬁm. %é\r ain is Rhodococcus rhodochrous J1 as described in
EP- A- 0307928 C@r? '(t,rﬂ, 'l y suitable biocatal yst is Rhodococcus
rhodochrous strain 2368 (NCIMB 41164) which is described and clained in our

D " S0 B0 s Do am i oms st ko reie
nutant of RPN CBasteridiafOMErobscuss BrelibactéddmOCofnebhdtetigmhydr at ase.
obt ai nabl e from Rhodococcus rhodochrous strain o
Pseudomonas, Acinetobacter, Xanthobacter, Streptomyces, Rhizobium,
Klebsiella, Enterobacter, Erwinia, Aeromonas, Citrobacter, Achromobacter,
Agrobacterium, Pseudonocardia, Dietzia and Rhodococcus. The biocatalyst is
15  especially a microorganism of the Rhodococcus genus, and could be of the
Rhodococcus rhodochrous species. One suitable microorganism strain is
Rhodococcus rhodochrous J1 as described in EP-A-0307926. A particularly
suitable biocatalyst is Rhodococcus rhodochrous strain 2368 (NCIMB 41164)
which is described and claimed in our pending International application
20 PCT/EP04/013252 (which has been allocated case reference number BT/3-
22351). The biocatalyst may be a mutant of Rhodococcus rhodochrous strain
2368 or a nitrile hydratase. obtainable from Rhodococcus rhodochrous strain
2368 or a mutant thereof. A further microorganism suitable for the preparation
of ethylenically unsaturated amides or acids and their salts thereof is Dietzia
25 natronolimnaios NCIMB 41165, or a further example is Rhodococcus ruber
NCIMB 40833 and further Rhodococcus ruber NCIMB 40757.

The biocatalyst may comprise cellular material in the form of whole cells or
fractured cells and optionally comprises fermentation broth. The cellular
30 material may include any of the constituents of a microbial cell, for instance



2368 or a nmutant thereof. A further mcroorganismsuitable for the
preparation of ethylenically unsaturated am des or acids and their salts
thereof is Dietzia 25 natronolimaios NCI MB 41165, or a further exanple is
Rhodococcus ruber NCI MB 40833 and further Rhodococcus ruber NCI MB 40757.
The biocatal yst may conprise cellular material in the formof whole cells or
fractured cells and optionally conprises fernentation broth. The cellul ar

30 material may include any of the consyptuents of a mcrobial cell, for
instance 10 including cell wall material, cell nucleic acid material (for

i nstance DNAn@iidiFdledN walf Witeta1SeBIGucRicCAd Rfaterlal (foNmsRinct HNLEr RRW)Of
carrying out the process the biocatal yst conprising of a 5 mcroorganismis

i ntroduced iG¥PIasM QGRrOtRIRS.nedi um suitable for carrying out the culturing
of the mcroorganism Typically a suspension of the biocatal yst, for

i nstance whole cells of the mcroorganism my be forned. Anitrile, for

i nst ance acriplopaipreferred wayrofchaying loghiherprocessite biogatalysbcomprisingebas nedi um
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i nstance acriytantelgcrplonitile oh AtdtiydcryibRiile, 38 feddntodky lajoedws thedfupd i nst ance
acrylic acid gT? salts). or 15 nethacrylic acid (or salts reaches the

desired | evefo Rrriﬁiﬁﬂép?i lacatalyshin scda way thafi ceptrafianytfi(meti)st preferably
the concgnt rhighitriléindthe Watedins PBHURYIs nY@htaiMed at BB t&6Y%4 by Weifed i n the
process of the invention wll contain above 2 ppm acrol ein 0 (cal cul ated
by wei ght baNiEllessuchasaacrienigile opmethacrylondlyileismeresefesainfed isterthey  hi gher
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an ethylenically unsaturated monomer, either amide, for instance acrylamide or

methacrylamide, or carboxylic acid, for instance acrylic acid (or salts) or

15 methacrylic acid (or salts), reaches the desired level, in particular between 30
and 55% by weight. Most preferably the concentration is around 35-50% by

weight.

The nitrile used in the process of the invention will contain above 2 ppm acrolein
20 (calculated by weight based on total weight of nitrile) and often significantly
higher than this, for instance 20 ppm and as much as 50 or 100 ppm or higher.

In another aspect the invention also includes the use of a biocatalyst for the
purpose of reducing acrolein in an ethylenically unsaturated monomer. We

25 have found that the biocatalyst can be used to reduce the level of acrolein in
ethylenically unsaturated monomers selected from the group consisting of
(meth) acrylamide, (meth) acrylic acid (or salts) and (meth) acrylonitrile. In this
aspect of the invention the biocatalyst may include any of the preferred features
described above.

30



I n anot her aspect the invention also includes the use of a biocatal yst for
the purpose of reducing acrolein in an ethylenically unsaturated nononer.
We 25 have found that the biocatal yst can be used to reduce the |evel of
acrolein in ethylenically unsaturated nononers selected fromthe group
consisting of (nmeth) acrylamde, (nmeth) acrylic acid (or salts) and (neth)
acrylonitrile. In this aspect of the invention the biocatal yst nmay include
any of the preferred features descrlbeq above. 30 11 A particular

advant age of the present invention is that nononers obtained from (neth)
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from acrylonitrile that contains high levels of acrolein.

In a further aspect of the invention we provide a process for preparing a polymer
15  of an ethylenically unsaturated monomer or blend comprising the ethylenically
unsaturated monomer, which monomer has been formed from an ethylenically
unsaturated nitrile, comprising the steps,
(i) contacting the ethylenically unsaturated nitrile with a biocatalyst to
form the ethylenically unsaturated monomer,
20 (ii) optionally mixing the ethylenically unsaturated monomer with other
monomers to form a blend, and
(iii) subjecting the ethylenically unsaturated monomer or blend to
polymerisation conditions thereby forming the polymer,
wherein the ethylenically unsaturated nitrile contains above 2 ppm acrolein and
25 the ethylenically unsaturated amide or carboxylic acid monomer contains less
than 2 ppm acrolein.

Preferably the ethylenically unsaturated monomer is selected from the group
consisting of (meth) acrylamide and (meth) acrylic acid (or salts).
30



20 (ii1) optionally mxing the ethylenically unsaturated nononer wth other
nmononmers to forma blend, and (iii) subjecting the ethylenically unsaturated
nononer or blend to polynerisation conditions thereby form ng the polyner,
wherein the ethylenically unsaturated nitrile contains above 2 ppm acrolein
and 25 the ethylenically unsaturated am de or carboxylic acid nononer
contains less than 2 ppmacrolein. Preferably the ethylenically unsaturated
nononer i s selected fromthe group coni%sting of (meth) acrylam de and
(meth) acrylic acid (or salts). 30 12 this aspect of the invention t he

bi ocat al yst include, any of. the nreferred tures SCI | bove.
Ceneral ly tt'fgﬁﬁ CPBﬁhgde{\fﬂnhp'ﬁlﬂﬁ@g‘éﬂ?' FH"?%E‘CP Ft%ylog esplz,gg cri bed
previously. féatiifes desbithexnatnvel \Genesallytha brdunosfatesleingresentisthé i n t he
process alone tq formthe honopol ymer or it can be m xed with other

pol yner i sabl"gr'@dﬁﬁ§9ﬁ8%r'beldrﬂf?ﬂﬂ‘l‘ et hyl eni cal |y unsaturated nonomers to
forma monomer mxture that is polynerised to forma copolyner of the

et hyl eni cal | y unsaturated nononer. Any suitable co-nonomer may be used for
thi s purposé, e;ﬁﬂaﬂ@maaﬂywnﬁﬁw@teﬂW@nomr@anpeeﬁieemtme RrasessAletet® nonomer is
wat er - sol ubleg i&g

potentially vvat er soI %é as anﬁgg%@?s%& %ﬁq@ﬁﬁb&%&nﬁgﬁ%mrs i ncl ude
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acetate, deswably be water-soluble or potentially water-soluble, such as anhydrides.

Typical co-monomers include (meth) acrylamide, (meth) acrylic acid (or salts),
itaconic acid (or salts), maleic acid (or salts), maleic anhydride, vinyl sulfonic
acid (or salts), allyl sulfonic acid (or salts), 2-acrylamido-2-methyl propane

15  sulfonic acid (or salts), dimethyl amino ethyl (meth) acrylate (or quaternary
ammonium salts), dimethyl amino propyl (meth) acrylamide (or quaternary
ammonium salts), N-vinyl pyrrolidone, N-vinyl formamide, vinyl acetate,
acrylonitrile, (meth) acrylic esters of C1.30 alcohols. The salts of the above
stated acid monomers may be of any suitable cation but preferably alkali metal

20 or ammonium salts.

The process of the present invention is particular suitable for preparing high
molecular weight water-soluble or water swellable polymers. The polymers may
for instance be linear, branched or cross-linked. Preferably the polymers are

25 high molecular weight substantially water-soluble that exhibit an intrinsic
viscosity (IV) of at least 3 dl/g (measured using a suspended level viscometer in
1M sodium chloride at 25°C). Usually the polymers will have intrinsic viscosities
of at least 4 dl/g and generally significantly higher, for instance at least 7 or 8
di/g. In many cases the polymers will have IV's of at least 10 or 12 dl/g and

30 could be as high as 20 or 30 dl/g.



acrylonitrile, (meth) acrylic esters of C130 al cohols. The salts of the
above stated acid nononers nmay be of any suitable cation but preferably

al kali metal 20 or ammonium salts. The process of the present invention is
particul ar suitable for preparing high nolecular weight water-soluble or
wat er swel | abl e polyners. The polymers may for instance be linear, branched
or cross-linked. Preferably the polyners are 25 high nol ecul ar wei ght
substantially water-sol uble that exhibih3an intrinsic viscosity (1V) of at
least 3 dl/g (neasured using a suspended”|evel visconeter in |Msodium

chl ori de at th have intrin cosities of
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diacrylate. The polymers may be highly crosslinked and therefore water

insoluble but water swellable. Alternatively the polymer may be water soluble
15 and either substantially linear or slightly branched, for instance prepared using

less than 10 ppm cross-linking/branching monomer. In preparing cross-linked

polymers, branched water-soluble polymers or linear water-soluble polymers, it

is important that the monomers are free from acrolein, since this could lead to

unpredictable levels of cross-linking or branching which would have deleterious
20 effect on properties of the polymer.

Particularly preferred polymers made by the process of the invention include
homopolymers or copolymers of acrylamide or methacrylamide. Desirably the
copolymers include any of the above stated co-monomers but preferably it is a

25 copolymer of acrylamide with sodium acrylate or a copolymer of acrylamide with
quaternary ammonium and acid salts of dimethylaminoethyl (meth)acrylate .
Especially preferred acrylamide homo or copolymers are of high molecular
weight and exhibit high intrinsic viscosity as defined above.

30 The polymer is generally formed by subjecting the ethylenically unsaturated
monomer or a monomer mixture comprising the ethylenically unsaturated



15 and either substantially linear or slightly branched, for instance
prepared using |ess than 10 ppm cross-|Iinki ng/ branching nononer. In
preparing cross-linked polynmers, branched water-sol uble polynmers or |inear
wat er -sol ubl e polyners, it is inmportant that the nononmers are free from
acrolein, since this could lead to unpredictable |levels of cross-linking or
branchi ng whi ch woul d have del eterious 20 effect on properties of the
polymer. Particularly preferred polyners,made by the process of the

i nvention include honmopolyners or copolyners of acrylam de or
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range 5:1 to 1:5, more preferably 2:1 to 1:2, for instance around 1:1.

15  Polymerisation may also be effected by employing a thermal initiatior alone or in
combination with other initiator systems, for instance redox initiators. Thermal
initiators would include any suitable initiator compound that releases radicals at
an elevated temperature, for instance azo compounds, such as
azobisisobutyronitrile (AZDN), 4,4'-azobis-(4-cyanovaleric acid) (ACVA).

20 Typically thermal initiators are used in an amount of up 10,000 ppm, based on
weight of monomer. In most cases, however, thermal initiators are used in the
range 100 to 5,000 ppm preferably 200 to 2,000 ppm, usually around 1,000

ppm.

25 Typically an aqueous solution of water soluble monomer may be polymerised by
solution or bulk polymerisation to provide an aqueous solution or gel or by
reverse phase polymerisation in which an aqueous solution of monomer is
suspended in a water immiscible liquid and polymerised to form polymeric
beads or alternatively by emulsifying aqueous monomer into an organic liquid

30 and then effecting polymerisation. Examples of reverse phase polymerisation
are given in EP-A-150933, EP-A-102760 or EP-A-126528.



reduci ng agent to oxidizing agent may be from10:1 to 1:10, preferably in
the range 5:1 to 1:5, nore preferably 2:1 to 1:2, for instance around 1:1.
15 Polynerisation may al so be effected by enploying a thermal initiatior
alone or in conbination with other initiator systens, for instance redox
initiators. Thermal initiators would include any suitable initiator
conpound that releases radicals at an elevated tenperature, for instance
azo conpounds, such as azobisisobutyronﬁérile ( AZDN) ,

4,4' -azobi s-(4-cyanoval eric acid) (ACVA). 20 Typically thermal initiators
are used in an anmount of up 10,000 ppm based on weight of nononer. In nost
cases, however, thermal initiators are used in the range 100 to 5,000 ppm
preferably Jbe folowingegamples ansintérideddo dlustiate, to® hiveption, witholiypeiogin y an
aqueous sol ution qof water soluble nononer may be pol ynmerised by solution or
bul k pol yne@ir‘¥§fa\ygﬁn'ﬁ\@q'pr ovi de an aqueous solution or gel or by reverse
phase pol ynerisation in which an aqueous sol ution of nononmer is suspended
in awater immscible Iiquid and polynerised to form polyneric beads or
alternatively by enul sifying aqueous nononer into an organic liquid 30 and
then effecting pol ynerisation. Exanples of reverse phase polynerisation are
given in EP-A-1 50933, EP-A-1 02760 or EP-A-126528. 15 The follow ng
exanples are intended to illustrate the invention, without being in any way
limting. 16 Exanple 1 Preparation of Acrvam de Rhodococcus rhodochrous
strain 2368 (0.11 gramdry cells) and containing nitrile hydratase, is
added to water (625g). The reaction mxture is heated up to 5 25C with
stiring.



Acrylonitrile containing 50 ppmacrolein is fed into the reactor at a rate
to maintain the concentration of acrylonitrile at a maxi mumof 3% After
300mns the acrylonitrile is fully converted to acrylam de at a final
concentration of 10 approximately 50%Vv w. Anal ysis of the acryl am de shows
it to be free of acrolein to below detectable Iimts. The nmet hod of

anal ysis used for low levels (below 5 ppm of acroleinis GCGM and for

| evel s of acrolein above this GC-FID cangbe used. 15 Exanple 2 Acrolein
reducti on was studied using an acrylonitrile solution containing an

acrolein Iev§lE iﬁé e300 ppm Thus: Rhodococcus rhodochrous 2368 (0.01 gramdry
cells) is a m xture of 20 acrylonitrile (1 gram and water (19.0
grans) and aIEn_egE@tlnn@Aag@EMdﬂ bottle. The bottle was incubat ed at 15C with

cont i nuous s e erlod a ntrifuged
o or o anaryedeEABBadRels L aaa8 [0t ey Sl e e bR cc < ne
acrol ei n | evsitrile hydrlatasm istadded tewater (62509 MHeO@aplon mnixtureds heatddupddabl e
limts. %g Eéggﬁ _Acrol ein reduction was studied using an acrylonitrile
sol ution Wﬁb UG- acrol ein 1 evel of 500 ppm Rhodococcus rhodochr ous
J1 (0.01 gramdry cells) is added to a m xture of acrylonitrile (1 gram
and water (19.0 grans) and 30 acrolein in a 25 m bottle. The bottle was

i ncubat ed at Aqrylenmllfewoe@mmgwﬁ%a@m agrolein; 'ﬁéed iginPPsacter @ aratd it awn
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content. After 10 m nutes the acroleln eve Iin the mxture uced from
500 ppm to bise@aardienitstg isfully ¢anwerted to acrylamide at a final concentration of

10 approximately 50%w/w. Analysis of the acrylamide shows it to be free of
acrolein to below detectable limits.

The method of analysis used for low levels (below 5 ppm) of acrolein is GC-MS
and for levels of acrolein above this GC-FID can be used.

15
Example 2
Acrolein reduction was studied using an acrylonitrile solution containing an
acrolein level of 500 ppm. Thus:
Rhodococcus rhodochrous 2368 (0.01 gram dry cells) is added to a mixture of

20 acrylonitrile (1 gram) and water (19.0 grams) and acrolein in a 25 ml bottle. The
bottle was incubated at 15°C with continuous stirring. Samples were withdrawn
periodically and centrifuged prior to analysis by GC-FID for acrolein content.
After 10 minutes the acrolein level in the mixture reduced from 500 ppm to
below detectable limits.

25
Example 3
Acrolein reduction was studied using an acrylonitrile solution containing an
acrolein level of 500 ppm. Rhodococcus rhodochrous J1 (0.01 gram dry cells)
is added to a mixture of acrylonitrile (1 gram) and water (19.0 grams) and

30 acrolein in a 25 ml bottle. The bottle was incubated at 15°C with continuous
stirring. Samples were withdrawn periodically and centrifuged prior to analysis



Exanple 4 5 Exanple 1 is repeated using acrylonitrile containing acrolein

|l evels less than 2 ppm Analysis of the acrylam de shows it to be free of
acrolein. By conparison with Exanple 1 we have found that the reaction rate
of converting acrylonitrile to acrylam de is approximately the same when
using 10 acrylonitrile either with or wi thout acrolein present. High

mol ecul ar wei ght pol yner prepared using acryl ani de made from acrylonitrile
cont ai ning 50 ppm acrol ein from Exanpl ey is of simlar quality to high

nol ecul ar wei ght pol ymers using acryl am de prepared fromacrylonitrile 15
that contal rtﬁﬂeé?FIB {Jlglneéc{hterﬁhﬁftélﬁfd rﬂ[nn?é%ctﬁe%EF?Qﬁ 18R e rigtubd occul ant
in waste er trea CRt T ORS SHOWS er ence y varying the
| evel s of aedadesifrom 500Ippnatort;dlmdetactable lithitss.sol ubi I ity and nol ecul ar

wei ght of polyner nmanufactured is also suitable for use in paper making
applications. 20 18 Cains 1. A process of preparing an ethylenically
unsat ur at ed Rxantissedr an ethylenically unsaturated carboxylic acid or salt

thereof fromthe cqrrespondjn eth |caII unsaturated nitrjte_in which
the nitride @"&l%?é%fe@&ae@lasqmﬂ/a‘irak%ntsrﬂe(wn@mﬂawp @V?@é‘?ﬁﬁtbﬁ" ?n an

aqueous nedighm | Ahalyass GFRE BSMartitie 3nBWE #ab Bk Yrak.of abfuRdigl N the nitrile
cont ai ns above 2 ppm acrolein and the am de or carboxylic acid or salt

t hereof contains |less than 2 ppmacrolein. 2. A process according to claim1

in which theg a){)aseﬁ’ér%%)i%th' éxa?anBH%é’ﬂé\Q@f&hﬁ&”tﬁéTﬂfe te%cﬁépﬁéié%f()f producing a

nitrite hydr rocess accordin aiml in which the
bi ocat at yst ¢onvertingiacrytanitjiertoaerylamideiis apmpamaéelwhq)samau\rhw using trile

nydr at asfy ARl S8R witnor VieBLPSGRIAGEGEAI N9 tO el aim I in which the

bi ocat a

High molecular weight polymer prepared using acrylamide made from
acrylonitrile containing 50 ppm acrolein from Example 1 is of similar quality to
high molecular weight polymers using acrylamide prepared from acrylonitrile

15 that contained <2 ppm acrolein. The performance of the polymer as flocculant in
waste water treatment applications shows no differences by varying the levels
of acrolein in the acrylonitrile. The solubility and molecular weight of polymer
manufactured is also suitable for use in paper making applications.
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m croorganismthat is capable of producing a nitrilase. 5. A process
according to any of clains 1 to 4 in which the biocatalyst is a 15

m croor gani sm of the Rhodococcus genus. 6. A process according to any of
claims 1 to 5 in which the biocatalyst is a mcroorganismof the
Rhodococcus rhodochrous species. 7. A process according to any of clains 1
to 6 in which the biocatalyst is seI ected fromthe group consisting of a
m croor gani sm whi ch i s Rhodococcus Iigodochrous strain 2368 (NCl MB
41164), a nutant thereof and a nitri I e hydratase obtai nabl e from Rhodococcus
r hodochr ous L in 2368 or a nutant thereof. 8. A process according to any
of clains 1 in which the biocatalyst is selected fromthe group
consisting of. a m’m’ooexsgafrﬁrepsanﬁgiamethgzleﬁiballtymmatmated%mdb@dauhrous J1), a

nmut ant t heregf .and n|t ite . hydra .0bt ai. nabl e Rhodococc S

r hodochr ous Sfvighical h{r ?Hé;\ég%ﬁxy &ow%tgtgggeoﬁr Bl G FEESPAI D ¢l ai s

1tos5in Wtﬁﬁeﬁ@@lyhlr@éﬁiréﬂeﬁﬁﬁtnleﬁnthldﬁtﬁémﬂ@a@s@ﬁfb@t'édwﬂ hydegiefa@ecus ruber

species. 10 rocess according to a%éu cl ai ms claim9 in which
pinthe

t he 30 b.%cdlygr%ass feace kcan-aayeasihm RfS?ﬂﬂ‘@t‘?fr?gb'BFata Y&k cr oor gani sm
which is 19 V¥rom QRﬁé’gﬁMé doHRfis éngvM% B dcholein HH&ﬁ{EaMb‘”er&Qfar i@ nitrilase

obt ai nabl e ococcus ruber strain NCI MB 40833 or a t thereof.
11. A procewICh@rcsﬂ"dhﬁI@Of contaips dgssdhan ppm aasolsiner cl ai m 9 | n vvhi ch the

P oCR St 2 R L ARG SRR RSB sy o gan o cf
obt ai nabl e mlcmurgﬁmsimﬂmms;sapawmof prodacimg AIOItNB hydrBdser a nmut ant t her eof .
L2 on IREESE, ocR el bebatl A R g el e, b ool yst s
m|croorgamsm that is capable of producing a nitrile hydratase and an amidase.
4, A process according to claim 1 in which the biocatalyst is a
microorganism that is capable of producing a nitrilase.
5. A process according to any of claims 1 to 4 in which the biocatalyst is a
15  microorganism of the Rhodococcus genus.
6. A process according to any of claims 1 to 5 in which the biocatalyst is a
microorganism of the Rhodococcus rhodochrous species.
7. A process according to any of claims 1 to 6 in which the biocatalyst is
selected from the group consisting of a microorganism which is Rhodococcus
20 rhodochrous strain 2368 (NCIMB 41164), a mutant thereof and a nitrile
hydratase obtainable from Rhodococcus rhodochrous strain 2368 or a mutant
thereof.
8. A process according to any of claims 1 to 6 in which the biocatalyst is
selected from the group consisting of a microorganism which is Rhodococcus
25 rhodochrous J1), a mutant thereof and a nitrile hydratase obtainable from
Rhodococcus rhodochrous J1 or a mutant thereof.
9. A process according to any of claims 1 to 5 in which the biocatalyst is a
microorganism of the Rhodococcus ruber species.
10. A process according to any of claims 1 to 5 or claim 9 in which the
30 Dbiocatalyst is selected from the group consisting of a microorganism which is



nat ronol i mai os NCl MB 41165, a nmutant thereof and a nitrile hydratase and 10
am dase obtainable from Di etzia natronolimios NCIMB 41165, or a nutant
thereof. 13. A process according to any of clainms 1 to 12 in which the

bi ocatal yst conprises whole cells. 14. A process according to any of clains
1 to 13 in which the biocatalyst 15 conprises fractured cellular material.
15. A process according to any of clains 1 to 14 in which the amde is
(meth)acrylam de. 16. A process according to any of claims 1 to 15 in which
the carboxylic acid is (meth) acrylic acid (salts). 20 17. A process

accor ding 1 oiHbchkous BHEPNEINB 40838, ?ﬁfg{aﬁgtﬁﬁg‘ofgn 4 hifiigebabMapieat | east

10 ppm acrol ein process accor in which
the nitrile fmﬂ]odgcoca;us |rwwtstram NGB 4083%0ma mudantAheneotess according to

any of ol al . L YoahRel oot ahothenMiabie €O 8 i ST fichte00 por

acrolein. 20.'Usé purposeé ot ucing acrolein in
an et hyl eni bieddtglystris sélecteddrbnmtheogreup c@isistidgef acnicrabrganism whleh im 20 in

consi sti . oRRdREPrUsipgT SEIHBA0Fhe A RoRE net oo Epfferd MetdPle” and

(met h) acryl gt RholdBcoctds rder stafh RCIVB dOTEY bioa frldanbtRéredf. Cl ai m 21 in which
t he bi ocataIIvj?ft has any of the features defined in clains 2 to 19. 23. A

process for epdy Prﬁﬁe%ﬁ pefording te anyef cdaimg) 1o 4in which thepigeatalyst is rononer or
bl end conpri gli&tged REMREYFEIY Etsisting BF & IiEBbRANE RN is Dtsh

natronolimaios NCIMB 41165, a mutant thereof and a nitrile hydratase and
10 amidase obtainable from Dietzia natronolimaios NCIMB 41165, or a mutant
thereof.
13. A process according to any of claims 1 to 12 in which the biocatalyst
comprises whole cells.
14. A process according to any of claims 1 to 13 in which the biocatalyst
15 comprises fractured cellular material.
15. A process according to any of claims 1 to 14 in which the amide is
(meth)acrylamide.
16. A process according to any of claims 1 to 15 in which the carboxylic acid
is (meth) acrylic acid (salts).
20 17. A process according to any of claims 1 to 16 in which the nitrile contains
at least 10 ppm acrolein.
18. A process according to any of claims 1 to 17 in which the nitrile contains
at least 20 ppm acrolein.
19. A process according to any of claims 1 to 18 in which the nitrile contains
25 upto 500 ppm acrolein.
20. Use of a biocatalyst for the purpose of reducing acrolein in an
ethylenically unsaturated monomer.
21.  Use according to claim 20 in which the ethylenically unsaturated
monomer is selected from the group consisting of (meth) acrylamide, (meth)
30 acrylic acid (or salts) and (meth) acrylonitrile.



5 nmononer has been fornmed froman ethylenically unsaturated nitrile,
conprising the steps, (1) contacting the ethylenically unsaturated nitrile
with a biocatalyst to formthe ethylenically unsaturated nononmer, (ii)
optionally m xing the ethylenically unsaturated nononer with other 10
nmononers to forma blend, and (iii) subjecting the ethylenically unsaturated
nmononmer or blend to polynerisation conditions thereby form ng the pol yner,
wherein the ethylenically unsaturated ghirile cont ai ns above 2 ppm acrol ein
and the ethylenically unsaturated non r contains Iess than 2 ppm

Cneat or ot ed rone PeraER B AN 20 A R S L bR Sty hes )

acryl am de g{gjfe@,fmé§|bjef|r%a,ﬁldé;mgcztg 16or salts). 25. A process accor d| ng to
claim23 or claim24 in which the biocatal yst has, any of the features

defined in @Bai nd Progassdor prepawng QPBWB'@é%a%GWHﬂ'i%Y PBS%FHSE“Q# claims 23 to
22 cora g+ 1B WSS g ok BRIV e e P oooe
20 ppm aér olmgnemer has been formed from an ethylenically unsaturated nitrile, comprising
.the steps,
(i) contacting the ethylenically unsaturated nitrile with a biocatalyst to
form the ethylenically unsaturated monomer,
(ii) optionally mixing the ethylenically unsaturated monomer with other
10  monomers to form a blend, and
(iii) subjecting the ethylenically unsaturated monomer or blend to
polymerisation conditions thereby forming the polymer,
wherein the ethylenically unsaturated nitrile contains above 2 ppm acrolein and
the ethylenically unsaturated monomer contains less than 2 ppm acrolein.

15 24. A process according to claim 23 in which the ethylenically unsaturated
monomer is selected from the group consisting of (meth) acrylamide and (meth)
acrylic acid (or salts).

25. A process according to claim 23 or claim 24 in which the biocatalyst has
any of the features defined in claims 2 to 8.

20 26. A process according to any of claims 23 to 25 in which the nitrile contains
at least 10 ppm acrolein.

27. A process according to any of Claims 23 to 26 in which the nitrile
contains at least 20 ppm acrolein.



