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Process for Preparing Mononers and Pol ynmers Ther eof
The present invention relates to processes for
wonrepan7asg et hyl enical ly unsaturated am des or PCT/EP2005/007131
et hyl enical ly unsaturated carboxylic acids and their
salts fromthe correspondi ng ethylenically unsaturated
nitriles. Technical Background It is known to
manuf acture et hyl enically unsaturated am des, such as
Pacrylamde by hydratlon of gqe cor%eﬁpondlng nitrile.

s ) . 3@ a ISRy a bl ack
copper catal yst It is also known to convert
ethylenically unsaturated nitriles to the

Toemresgniriniengon rélpiesio padtassen sait prepadey etayisnigally c

PSR LS B cP QAR Uhb Al Bl b 6 a6 Stk ats
frekr ﬁre%’&%ﬁéndmlgee_ﬂg;gémmw wadatlingtdcniafles.hen cal

reactions is we cunented in the literature. It is
wel | known to enploy biocatal ysts, such as

Iggﬁﬁlggrgg&gg@né hat contain enzynes, for conducting

ons or to use enzynes that are free of

m cr oor gani sns. i's known that various ethylenically

tur te [ a

R ACpwE; gr&?@?&ﬂﬁe TofRicafy BhFARIALs idehch 22 °
Ry aeRIcby ﬁydmﬂ@rabﬁﬂhybaiorreprmmhg mmw AISHBR0812 yiresritasesuch
known to catalysetheh%@g r]%trllestothe
SR PEESHHHAY FP! aﬁ'ia%oer% y EJSHSP NOWTHP RV E e
SEVAYTBSIVF GRS Gt hiftAsd BRfeRor@spondiay ti®flenically unsaturated

m-croordani sns, for instance m croorganisns of the
dm)eyIIBacldl bw@acmme@qrmemrﬁtqq suiphwitccagd with the nltrlle for

i um Pseudononas,
"Asct ?bél%gg%émd){% e@’g@te?ﬁ Streptonyces, Rhl zobi um
Kl ebsi el | a, Enterobacter, Erw nia, Aeronobnas,
Citrobacter, Achr acter A robac eriu . .
TRSRRRYYE SRLRIVSTS o iacagac achDanted In g grature.
it vP%IPH\BWn RFEMbRYYI S gstaNERIN s8ThAGrbigRnsNhs tat contain

acrylonitrile on an industrial scale usi ng

eravmeﬁsformonductmgﬁmna@%isréangn PEfq lll%%%nw&%%@‘@? a4 fjee of

microorganisms. It is known that various ethylenically unsaturated monomers

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
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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When produci ng these products biologically it is
desirable to enploy an enzyne which is capabl e of

wonre@wo793g agueous sol utions of acryl am de or ROMERR00§1007131

acrylate in high concentration and yet is not poi soned
by acrylonitrile and high concentrations of acrylam de
or ammoni um acryl ate. Many references have descri bed
the synthesis of nitrile hydfat ase within

N Croor gani sns. ud, et al. A.ric. Bj ol . Chem,k 41:
Flsipoist gprodaae paoimidaestampeTbREaeHate gt fgvicadie on
& ind0sPREYERe UBRY 454 @étah@,t ﬁﬁrlle HGafRBsd Bhd ARAIask espectively.
Brevi bacterium sp R312 which degrades acetonitrile to

When areduging thesegrpdects btc&@m@@iyat is desirable tetemploy an enzyme

. N
996h s caetle of el ackishys Seitnicnd BPatrBRfke o hfthSilum
dordatg lashagm coneér&fatme dnldeyet (Hmﬁmlsmmedfbymmylloo'rhﬁltardridmigh
to ac eneratin 400 ryl am de. The
SREROGT «}feaérég‘awgqe b Ak 2SR Sem 501 ( 11)
2859- 2865 1986) entitl ed QOtl mum cul ture conditions

f or productl on by Pseudom)nas chl ororaﬁ)hl s B23 of

Mﬁﬂy re @r%ﬁéteé{g(gescel@ﬁgﬂhges(ygmqsweof@v ahydretase within ne
REGHELARAR AGHE 8 all, Mol o eHEA! 411118188l (1577)

or nitr atase synt hes
dé=chibes j;heaoinafactmstuﬁ&ufrmw emzynm thiey rbfestto aa omﬁétbnltrdﬂse in

Rl SR pReh HeRRdd Ao e il i g amice
idtermefizRd. Addry @l’ﬁhI0|Agr|&5B|023jhe?1384€{ 15p1)83-¢n89 {1982) isolated
' Met abol i sm of acrylonitrile by Klgaftnehly%sgt@eunom aE(se

Beaudanenas; ¢hiorostts Pea Vﬂw BiOSHES! Bei9 Gate
ac?{éﬁgﬁsﬁ ?f“é’crxlgﬁ t@l#ﬁéﬁ??ﬁ@?ﬁldba@é%@ﬁhé l4@@‘9‘/@Bcr‘?/l‘amlde The

f acryl am de
antlelue Y amadalef at.ohgse BieloChemy 500{1&& |2§5912r8@5dr1 g&‘ﬁ) enitled,

i sol a i :
a8 PhGth ¢ ATo RS EERE by PHehdorfohfs ofiSgns B2s
af. rﬁtrllé/hyd;]r@t&eatdcﬁls;&r@% tHeheptithisatiurooicthe mémdm:ctngnpments of
speci es have been fo to ver ctiv roduce
Bedrowih Rpdium dseuging, e Ipeciadad 5 ptiadtdaBse satests.
Methacrylamide was found to be the best inducer for this organism.
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
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
very effectively produce nitrile hydratase enzyme. EP-0 307 926 describes the

culturing of Rhodococcus rhodochrous, specifically strain J1 in a culture
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cul turing of Rhodococcus rhodochrous, specifically
strain J 1 in a culturenedi umthat contains cobalt

woanw/00Tse nitrile hydratase can be used to hy#8CcawEe2005007131

nitriles into am des, and in particular the conversion
of 3-cyanopyridine to nicotinamde. This organismis
further described in EP-0362829, which describes a

nmet hod for cultivating bacteria of the species

TPRHTRG COANS GEBAITaN: ol AT SR AL LbB oed to hydrate

rﬁ?ﬂ&%ﬂﬁ%ﬁje%hgﬁ@ﬁhFalﬁ’r;iéulBﬁmer&)nﬂbféﬁéd 6f BxJarbAFRline to

activity. Specifica descri bed i s Rhodococcus

niegfineprideushisorganisaos dedes deserdrchinde3-0362829.swhiskd
SREHES 2 thottid For PR KBicRE o R HBECIEE RABRG 040,
Nadectavas aompiisimgdd Jedtioae Ap piea @itkoobadi7ion I@Adrepatitg the

99 A revie by, Yamada .and Kagb .
a3 28 RnoflpfifciuR MhBRGTal waring 118 haEaasy B8k, rspactically
ddwerigsy Rl RRG®SHocelis HiRideharetAal ysed process for the
production of acryl am de nononer up to a concentration

of 50% This review describes the three generations of

far . ._ . . _
R GILEERERRS A, i LA (BRI, Shprice
rhpnembairomraanyloniile anddhismescassiwstbaeh geacribed byidagasawa

nifyil e hydratas Z whi ch I s the formation
IR R e P conf

hydratase is synthesised in very high levels in the
bacteri um due_to the presence of urea as an jnguceé iré

A Vi papeeby¥ amada ahidokayashia Biosch iiptech; Biagagm 60: 1391-
ﬁl(ig)[ @QQQPéharésthe%%%%i)%ér@%p% 16¢athly8Ed prdlidssifbiethe
Hydrat ase of Rhodococcus”, describes’the growh and
ppdudimni of asfylamide nenpyér ap 46 @ doncahipatistioefcalde. This review

doRGtRE B PrrtacrtotBinls EHITR GBlop-BobnEANlE,

protiuctpdrofsewl adideoculgimating with Rhodocacgas risodoctma 41, ias

also . required for high nitri hydr at ase, activity. .
bristeriuT fRataeahieeS ephant asart of P gl haiade: semiguhicn
SR51988Y the 8frh&fdrSof acrylamide from acrylonitrile. The nitrile hydratase is
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
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.

Leonova et al., Appl. Biochem. Biotechnol. 88: 231-241 (2000) states that

acrylamide is produced commercially in Russia using Rhodococcus
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Leonova et al., Appl. Biochem Biotechnol. 88: 231-241

(2000) states that acrylam de is produced commercially
wonouwemsa usi ng Rhodococcusr hodochrous M3. RuBe€TAR2005/007131

pat ent 1731814 descri bes Rhodococcus rhodochrous

strain MB. It is also known to produce ammoni um

acrylate directly fromacrylgnitrile by the action of

a nitri | ase enzyne (Hughes et al (1998) Ant oni e van

nho v_74 107- | e descri bes
BegaRIEPiYg Ve, kb arieah Bl aescaBhe RAsdasrdisus: ng
rhgmrbugsggaﬁrmglococcus ruber at 300C, the catalyst
having a half life of over 47 days. The nitrilase also

had a very | ow Km val ue of 30 m cronvol es for

PR oo TABAIRERS IBI4 Qe AR RIOAE By e
ddtign of waniteitasel enzyiep(Hughles red bl GIQQSBAOtwwmam Leeuwenhoek v

4: -324 (199 I f t
TaTTATE" SirAdins sEsrDes g o B Siinghligp gerviate
confihiess! @ngﬁ@ﬁrﬁbbuﬁs@ﬁtha@@m@wIruwerwaTth@xcdtméte@vmg
at the effects of t enper at ur e, lonitrile

& balt bietof QVEHAT daYs piine Malafsea@ ayery lexckmpyalue of 30

C[aa‘_@éaigé er en%langépkg%ézg%S&#ggeﬁ{runpuﬁﬁgﬂbaltméaﬁ%e final

almenafm acitylaig podduchevasrassent appl i cati on, describes a
new m croor gani sm whi ch i s Rhodococcus rhodochrous
strain 2368 (NCIMB 4 1164) or a nutant thereof. This

mg‘ésmreg@m S MppRMigFobit CBiokddhiil. 84?&2&’-&4:1(5‘@9@01 ajgredescribe
suitable for converting acrylonjt |IeEI:1 8"'% de o
thauseithenkilass pl RBAIOFCHS Hmoc %\2@’163'8 0

I é@ﬁg@g ﬂa,ﬁgb e
écfg’? r?@%nl%lf S’ Ingd -E{l(ﬁeTE%gg)g))ﬁ?@gggll i catli ogfs desegétldkggs a
aveylonitde congentrationvandcpH iconditiens pa theareastioni rmai os
NCI MB 4 1165, or a nutant thereof. This m croorgani sm

can produce nitrile hydratase enzyne suitable for
|pterngtidrian gppifoayibe mutriber ©CTERCA13RE B case befetentetBT/Be

hydr at ase and am das itabl e f i nQ.
%%}5% i gng@l@he@,atﬂ‘g&@ qﬁlﬂgg)pf té@oqqegét a%rpllga é’na,lrdleggrlbes a
new microorganism which is Rhodococcus rhodochrous strain 2368 (NCIMB
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,
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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amoni um acryl ate. Acrylonitrile as it is produced,
e.g., by the amonoxi dati on of propyl ene, generally
woamicaoms7 hi gh | evel s of inpurities, such as aeCoEeR205/007131
Acrol ein generally occurs as a byproduct during the
manuf acture of acrylonitrile. Oten the anmount of
acrolein present in acrylonitrile will be above 2 ppm
ggd oftendsi gni ficantly hi gh r than this, for instance
ppm and sonet | nes as as 50 or,,100 m_or
AergRBITIe PRl 18 Br9|CH o Oritd e AP asdFEPn, BhpfoBViene.
g'eﬁ@#ﬁllytdoﬁﬁalhé‘ﬁlbkl%\i&s @ﬁlhﬁﬂtﬁitlésfém FPgéreleni.r Romdicin @enerally
been descri bed Watt and Know es in |nternational
OBLWk$cASR bwp@du@ wing the sorsyHaeite ehaqryioolylepften agamount
T REERFEEsctTh AT feRt BekRE Fhbiare Slorrygresy
highertieah thestfer inttaaaen20ippm andspestiatbst deamnugh [as\ad or MPpm
cElId,gt ure to degrade | ow |l evels of acrylic species
ar ing acrolein would occur readily. . The use of a
m croorganismto detoxify a mxture of nitriles or to
renove nitrile fromamde m xtures has been describ
The atmltwf pPGrogrganien®y i fenQye impurigas ingydinG ae 'Pérom waste

sk é@n GogkrBeh @ g%pat‘f' )éﬁﬁ ‘N?’qunéé”ln%térﬁ&}’on%lp ggest

tha cro ernis pres form of acrol ein
Biyaetetigcition andrBJedegreglamms(cthl%é pt?théépémilleMd%%Cwed the use

RSN SRR Co IR ot Bl R0 &
dehOas aomaeemasta smatne 815’ ©gEeted that adivemired 0|I1Ieure to

cyanoh in to their am de and acid ounter arts is

3 louleValSgS aGBUE SPREES IO Hda0 ASEVOR WO RecSBady- -
detOX|f|cat|on treatnment to renove nitrile from an
am de preparation such as acrylam de. The
Tiecuseoimmiswoiganian to getpxifyiduaisture of aitdlps er theemove nitrile

conver i on.of f |

LGN e o0 B S/ Lo Belinonae
4vy16nitrile dedcixnifrile ahd avraddin wyahehirinesnth egsuggestithat acrolein
renoval froma pr

e o Py oGS ot 02 3P 90 A RS oBBiey
RO FAIBRyHisn? €S ¥orvErC&erbletPhohydrin to acid. The
detoxification of nitriles particularly those present in waste streams, including
acrolein cyanochydrin 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
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
polymers and thus its removal is essential. They are mainly interested in

mixtures of nitriles or nitriles/amides.
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acrylonitrile substrate that may contain high | evels
of acrolein or of the fact that the acrolein is a

wanesvopsobl em for the preparation of hi gh gra#eT/EP2005/007131

acryl am de polynmers and thus its renoval is essential.
They are mainly interested in mxtures of nitriles or
nitriles/amdes.|It is necessary that acrylonitrile
which is used to produce acrylamde or acrylic acid is
essentially pure and free frominpurities such as
acrol ein. The presence of acrolein in acrylam de

IR KBRS s Ay tﬁh?é@?loﬁﬂrnwrsﬁjéé@ﬁbf}jr@dm asrylshdae deacrylic
and/ or acr lic acid eneraII results i n unwant ed

%Q*@%ei’vserﬁﬂfdﬁ%gpw 3 fr9fﬂilémpu8tl@$1 se¢ihas apralRinnghe gresence
eSkirah! Aéﬂn%elnf)ﬂohgﬁopﬁlﬁﬂe aF hﬁ)‘ﬁoﬂfer%& uﬁr‘i’# ubl e

polyners, eS|rab Cr oss I|n resu
émylmm@e ahdAoe astylipacidi @rieyallyrmehlltfbhwrpmmm pmssstlnkm of the

I t, tr d i nki
SR, Burh cftd R s UDGSteLRe, e age R A o Batgr
éd?utﬁl@rﬁﬂyrﬂér%nhhmabbé rbeSfinkihg ksl adsyiten farrely at lBast
can al so be undesirabl e, because such products I[T%ycross-

pastial eoluble ROWBSLS. SinceRgTelein h@ws&a@@qt&ws?ntro
|
lﬁﬁﬁjdv %tﬂre&nc@fqzﬁcﬂm rMixtured & ﬁt‘éﬁﬂﬁ?égdlﬂ{/é@héé@td form

e impuritie Re acrorern. ¥ rom
latnrylbnally cnolse—llpked)pohymer heodusts/ears alsa heoundeasitable, because

S HREL B B LS00 P bltn.

sw tabI e pol ymerl sation inhibitor such as para nmet hoxy
ghenol Normal |y the | evels of acrolein

ersesiandlyiiis sigears eieche & PIREERHES austas grolein, from
ﬁﬁﬁ’fgh%? rﬁ’gfﬂe i eRdibeth bk écpﬁﬁmﬂdmcr% 4eidand its
scribes a nmethod for renoving
satisur Typieallyithisas donehy distillatiamia the mmcg@f awah@t hod

hat. . S gt
SOFYRBRHH BIsARRAd o Beek iR BieRof oGR8l hB el of
acrlbtmtri a@ymi‘lttrlleajs‘ﬁﬁ‘cibﬂ thismaposgeaiust giveays be less than 2 ppm,
ol ystyrene- pol yani ne type ani on exchange resin having
%”%Pf’?%l'?e“’sdt hef A\ARSENZzene matrix and pri mary and/ or
secondary functional groups. The quality of acrylam de

is inproved which enabl es the production of
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
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
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
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pol yners of satisfactory nol ecul ar weight for use as

flocculants in water treatnent and other applications.
waPRe0&/0019510861 concerns a process for the renoval/Ee200s/007131

acrolein fromacrylonitrile product streams. Acrolein

is renoved froma crude acrylonitrile product stream

in a recovery colum by mi &tai ning the pHin the zone

of maxi mum acrol ei nconcentrdtion of the recovery

colum at 25 to 7. Most of _th | ei
ComaRRIoN uwepméerum%m &t 5 ate T pLire g O St the
o 8 o e B P eyt

tHer tomsifeam.cal nanuf acturing production streans using a
distillative puri fication techni que. The nethod

E%eéthrqb%ﬁﬁélr%\ﬂ?éa 3\2{;{6(&@iérg%ﬁ}ﬂ)'vgpofz%é%@éil%ﬁ‘?%m%mlcal
n?d?ﬁj'f@cﬁ@ﬂmg@mdﬁ@ﬂéméﬂrmgUémgﬁelstlllatlvedmrlﬂgatmn technique. The

EoaERATRS AP GIPRoB S Vo g P aldghyges

sgbl'?tals lalc%lélﬂr&{?lﬂp L&ﬁ?mléé?’ n%ﬂ@é’c%nﬁ@ﬁﬁfdeb@és By BEdingd f or

enovi n acro roma gaseous or uid m xture t¥|
sulastduiedrarmmahcannh@(a euling salisg.gb - dsm@ yhanigpe pped-ethyl

hl.or.i t urea, thiourea and sodi um
aBﬂ'E‘SfBH%”Q tﬁ%ﬁif 'ﬂ%ﬁéogmnartl cul arly concerns renoving
acrolein fromgaseous or liquid mxtures also

LB 8606 0N Gestiibih @rthethod domfeenevind ecratsio frerma igaseous or liquid
sel ectively renpbved, Such additional roc SSIH th?cp
)gpoc rite,

migture émeaqt@na@lﬂba shamigab SB%\{%Q@&F‘F@ 3 ARG
héfaow IHE1 a ﬂ?élfrﬁg WRA MU breMHAtd eTHie Rrigtisdd gaitieularly

a procéss that avoids the need to separately
coagems remwlng acrolebrirenigaseniis ar liguid mixiuirs@lsg containing

c il AcL YO LI L & oD BfrloQ8Yr & of the
oty RS LRI RE VTS oo hvencion
Si&%%ﬂ%r%? p?orgeggmgrsteps f%tr pé/ | 8\%8 %lcll'éfeiHnasrg g act:oesqu and time-
consuming. Consequently it would be desirable to provide a process that
avoids the need to separately remove acrolein from ethylenically unsaturated

nitriles, e.g. acrylonitrile.

Disclosure of the Invention

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,

wherein the nitrile contains above 2 ppm acrolein and the amide or carboxylic

acid contains less than 2 ppm acrolein.
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acid or salt thereof fromthe corresponding

ethylenically unsaturated nitrile, in which the
wai2bteio®s7s subjected to a hydration and/ or hy#CoOEPS10S/007131

reaction in an aqueous nmediumin the presence of a

bi ocat al yst, wherein the nitrile contains above 2 ppm

acrol ein and the am de or cakboxylic acid contains

| ess than 2 ppm acrol ein.Detail ed Description of the

[ be a mcroorganismin
héErafed DBy nbfclﬁé‘ir'f\}e\hﬁbn”agells of fractgred
m crobial cells that contains an enlzlyme or enzymsz
t et h urate
FIREPBr Bt R0 (560 rsBikana i hecosm o Wta TisTebbeells or

fearctired rﬁlafdlﬂal cHile ety AR bAzfifle BF bht;l/rﬁewaﬁa&é%?
nitri]J]e hydratase and am dase or nitril ase f

RN RENING armeibVienisally dngattrated nisdle e dbe a@rrgsn@dmaratdecm
d@rl%)l}/hé%?o%ﬂt ishermesdd fn%[ s (RiFhS g‘tgle‘:r@)dlr a nltnle

|srupted cel ar naterl ecovere ugl
hedraigse end msmen mtnlgseememmpﬁa nmemgocatalysnmag/ be used

astky RN i q’ n& i ec rI or ) oIlo %?slrugted

Compat i ble BHP {nig H 'ar m ‘? Fie

daailolaamﬁt@rrﬂsal recoveped By Rehirifughey; ey dﬂi%dm"s sms%h'élén dfepared
mes efatqém ed from the m croorgani sm have

%"St PAtablR PygpeRdfd e sich as W@Fﬁf@fﬂ?hﬁﬁplqgl%ly
cbhﬁiatu@@mmé? s%ﬁftféhe'mteh?aﬁv@ tﬁ%ﬁ&%‘?é]@ 2 18 dGrifly

carboxylic acid, that conce trations ein are
eszymierardaiure of edzywees extyaited friom theeniceaarpanist.
acrolein are found to be reduced to below 2 ppm
usual ly below 1 ppm and often bel ow the |evel of

Wethage 'rfanmd thiat 'usmg lzeietatalgspiossinb g ritdlagRaBdbntain acrolein to
ethlenlc I | aturated nitrile without the need for

thgGSeeRand ?rnfgarwyﬂ'ﬁ &cieh, thaticengepitations af @eralgin are
sigrifitantly Pétldc%ﬂdTy‘bfcaﬂ? it I%‘v@lstd? acfstSintdt8 fon P Be |l luced to

one aspect of the invention process concerns
betav,2 £ usughy Belost hppen aa@pftsm ekt thedeee erdedm:trbnorih is

t
UAFERESSBRD 491504 EAREAA e out o o o
additiphalrprocés$sing By dieniaiié yndrivéacturer to reduce the level of acrolein

to less 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
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
salts thereof) from (meth) acrylonitrile. Preferably the biocatalyst is a
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bi ocatal yst is a mcroorganismthat is capable of
producing a nitrile hydratase. Alternatively in

wanaicherdsf or m of the invention the process rel RCEEPL@®S5/007131

t he manufacture of an ethyl enically unsaturated
carboxylic acid fromthe corresponding nitrile, and
especially the manufacture of (neth) acrylic acid (or
salts thereof) from (neth) atrylonitrile. Preferably

the biocatal yst is am crooyganis hat . i.s ,C bl e of,
MYESQIIANYN dhajds rapableaf prd %Pﬁ@‘ea niilS fyoEtAce agd an
anfldésd. urther formof the invention the process rel ates

to the manuf acture of an ethylenically unsaturated
carboxylic acid fromthe corresponding nitrile, and

AT TN LR ST AP0 et of o

dtHiWer Odrtlb?ltydlrwam_ te@dls,caiboi()gll_icm;rjcgfmm_ ' éhT chaespendiag alitile, afd
anitr

SO ot AEP S AP AL b BEl el e

deAtbhilrils. PRIBIMY tebibcAthigEs eatksoorGanisibihet iy dapable of

Corynebact eri um”™ Pseudononas, Aci netobacter,

Predudingaditdlasest r ept onyces, Rhi zobi um Kl ebsi el | a,

Ent er obacter, Erw nia, Aerononas, C trobacter,

Achr onobacter, Agrobacterium Pseudonocardia, D etzia
ThechiRtatelysbeauld forThstabce bateahigseorggnisspssleeted jrom the genus

1 CI 00 ni.sm of, .t he Rhod
STk bR tBe R ersot i ancaapli DorflbER Sy e
B L oh050/636 A par Ly cul ALy S table.
i bed in - A- : t '
{Gpbuala BerobsoKRJaREHBo R THSe RS’y B opRpcter
@%gﬁeﬁvﬁl%éum&%{dié, ﬁ%?ﬁé bhE R cetisTT e iblbddidlyst is
nding I'nternational application PCI/EP04/013252

dspecially hasicherganikiroafdhe Rhodseocoes gests cand apidd bgmfihe

AissbRr L ot P A SYRE By oreo el Fyofiqpgr eeantes
gm&ﬁoggt&hfrhrgdgg? Hm%\d?ﬁﬁﬁt?:ribb@ {(roERFAQ30Z926. A pagsalaoly
guitableripeatalysbis Rhodococcus thodochrous %ﬁgffﬂ&%ﬂ&ﬂﬁﬂ i 64)
which is described and claimed in our pending International application
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
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

material may include any of the constituents of a microbial cell, for instance
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of ethylenically unsaturated am des or acids and their
salts thereof is Dietzia natronolimaios NCIMB 4 1165,

wonrow/0st her exanpl e i s Rhodococcus ruber NCI RBT4AR3®3/007131

and further Rhodococcus ruber NCI MB 40757. The
bi ocatal yst may conprise cellular material in the form
of whole cells or fractured I1's and optionally
conprises fernmentation broth. The cellular materi al
. : ‘ot - P :
BBl Pl B0 RS A P8 UBAEE LR or RO
cwoplesro aagroteimast eri al (for instance DNA or RNA),
cytoplasmor proteins. In one preferred way of
carrying out the process the biocatalyst conprising of
A dReCEreRIr@RNVaYTLF Sartyihd edtthethrofdds the bxsiAeAIYSt dBREibribg of a
sui table for carrying out the culturing of the .
MHEPYERYER isintrodiseddntoyarpagupassmeedHmotuitakle for carrying out

i f i e . .
b 2PRLM Bl the Merodigampa? Wity EiuspeBtion 3F the biocatalyst, for
instlanpte mihota tellsmf the ticrooydamisn riby pbeifernied! Antitvila, Her
.aguequs di.um co i Si the .bLocatalyst in such.a
AREs aeNFani R SOTRAESIR. iRl sid it
domep P DeshibBsthly BT inSsuthianwvay IR tied cortentratitn ly (meth)
wei %h_t._ Nitriles such as acrylonitrile or o ]
FREYIRAEIS I e aqueoUsINadHE s nadiatainad atiupto; §i by wWeight.

. . ' onald e

\URRG} SERLIT AL, bOReLERANARS| AR pofraaR'ba o the
reastierumedisun apd drereactpn deweadiaieontingie untib theneencentration of

' ' . . L ' far.
SRR Php BB PRI pielyr S8 o Seryieffce or
rgemasallarg%:ie, ogeagbe/x;gtdm:iqﬂéﬁni ihetsgbtewefyl irciaaiog([mrts'teﬁgj @

erwee . a % [ . S refera e
86 Mnlpéﬂdo@er sqi r@%ﬁgﬁ%@%w 'ﬁ)é?‘?'g!ﬁ‘tpa apbetweep 30
3RES5% by WEigRE AN8SEpreferbbI§ thé ¥EMddrBitivh id anbaisN50% by
above 2 ppmacrolein (cal Cul ated by wei ght based on

weighl- wei ght of nitrile) and often significantly

hi gher than this, for instance 20 ppm and as nuch as

50 or 100 ppm or higher. In another aspect the

Theveitrile asedirsihel protestest thé énvesdon wilbcdntaimadabadves ppraracrolein

(thI%ulated 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
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.
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pur pose of reducing acrolein in an ethylenically
unsat urat ed nononer. We have found that the

woizowawasyst can be used to reduce the | evel oPCT/EP2005/007131

acrolein in ethylenically unsaturated nononers

sel ected fromthe group consisting of (neth)
acrylam de, (neth) acrylic ag%d (or salts) and (neth)
acrylonitrile In this aspect ' of the i nvention the
bi ocat ude a of .the ferred

AiBdER Be ddupdate &Y e veeandreriiphs G o e S ugRa fom

(hféﬂ?)"édr?l@nltﬂetcléﬁtbe“&%ﬁ@osccﬁﬂbﬁieﬂﬁ? wiithett thesidad for removal
acrylonitrile can prepared conveniently w thout the

af @stoleior G@rs@quenfdzf ﬂmpmcgss] foroseduding aemyiamidgand acrylic
eﬂ:rlc? ﬁ%?’n%nfe% cQﬁ%@ﬁﬁe@%ﬂiﬁ%&ygﬁg{j& ifio ﬁgfjlsarﬁfvy bb&lﬂ%‘tg groduce

nonmers can tion
theses imznentess pirectiycieorn hew@umunmwlpsltdlermtanylng |’mgh leyals of

SeblsilicrSitdr Banet bomiafodh oAt Baats B 8118 e¥el ot koast 10
FOM). EMEINRInohRAS brodlicea - thislfotarscare’ds hiytegualitgl dnd

this process are of high-quality, and co | ess

t
qangingdess hend P a alnuguﬁlursyal%meé%@ a'g]:ege\’ $&r go
agfer?lgﬁwe.?lﬁéﬁéee g& ynll'ggcf ﬂ%ﬂh%‘@ﬁéleﬁér%%s@‘fé@tst &acrolejn can be

QUL BPPINTS acrol ein can be conveniently
qunepaieatly prepared ﬁonoamormmemwn@lorberebidn@ eantaining ¢meth)

A R S b bl o B oy

frdrataceaoniaile thaticohtdireysigh |efelaof adrelein. I n a further
aspect of the invention we provide a process for

preparing a polyner of an ethylenically unsaturated

I RifRer 85p é&t%’?‘%éiﬁ@ﬁﬁ&i \K}Q pr&\Bd&€ biprbesysaat bbéparlng a polymer

unsat ur at ed nmononer , mononer has been f .
dfraonethylesidally ansatatated mmnmrazr@cberrd eompising drgpethylenically

R s g el G Pt ot BT b an cfhyienically

@igaliratadnitrily, cbmsmgiﬂﬁcbtemoner (ii) opt| onal |y
(r)nt )ﬁle:] ,épzlg@ﬁ%fngy% ere‘ahy? %@ll&?@%tayur%@g nithile With a blocaqalyst to
form the ethylenically unsaturated monomer,

(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
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).
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(iii1) subjecting the ethylenically unsaturated nononer

or blend to polynerisation conditions thereby formng
wohespotysmer, wherein the ethylenically unsat uparae2005/007131

nitrile contains above 2 ppmacrolein and the

et hyl eni cal | y unsaturated am de or carboxylic acid

nmononer contains | ess than pm acrol ein. Preferably

the ethylenically unsaturat e(?om)norrer is selected from

h
A R A S A e
féa‘?LYr%gtde%En?é@aE’(b\ﬁE %éhdr‘étl%ﬂﬂé/am%htt&%o?@mmﬁresém in the

preferred features described above. Generally the
niifeus as olesardbas! prediogssent in the nitrile is as

descri bed previously. The ethylenically unsaturated
nmononer can be used in the process alone to formthe
Therstipgéyically omsatdratethmbeomiex edn wietusedtim#re process alone fo

ol yneri sabl.e co und |nc
RSO aRPaRaaER £as BerBikal DR ERII fiRkign¥ compounds
waR'ldi bttﬁ%lééﬂyﬁm&mtﬂat@@ PRbNORErsth foime aghdydraer ma»ttlluye that is
unsaturate nononer . sui t abl e. co- nononme
tecrlra n¥onomer

palysterised tofipmn p@pp@lsy@erpf trecethylopicafk LESRHER
A%S{@d&tggfeccac; HﬁnB ouI dﬁggsé‘@ﬁmﬁi% guf’pdé@ %Fefél%b%b\lrvﬁere the

O- Mononer wat er - sol ub
etiofi@titaly lhnsatm'atad mohorbkeis watehsablbhen Frynerqu@gnomﬁp shgluld

SO et o T a0 e, S oGS,
TyBicab 8bnfanom@s ehdudd (iveth) derylaridl (rﬁelﬂhi) aaiytic aCIdc(o( salts)
salts), allyl sulfonic acid

itacewieAcishicl salisealge aﬁudo(saﬁélt%)um@iﬁw ahiyqrigies ¥jnvi sulfonic
a%ﬂJ &%alt%gﬁ%ﬂt%ﬂfoﬁ@a@ﬁﬁ @? Eéﬂtsc? E%c@la@?dd‘t-@ﬁ@chfllquopane

ernar am no propyl
s(quemb)acz{t(qusﬂhs)ddlmethylcﬁmmereﬂavl)(mﬂﬁ[ﬂﬂrﬂﬁ’&% flgpternary

aaonim B cate g bl UEE(FR BEfiflam e ot o6
andPehk@h ehiss), Nhﬁ’n)& plytraliddne, I\vatbldmﬂfnamaieedqutacbtate
gﬁgﬁrﬁlmthbgcrgﬂﬁé%%ﬁ%# 1a£|§?co%a$ o'Pheb lsjaglltéo Ofe[L

stated acid monomers may be of any suitable cation but preferably alkali metal

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
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 Iéast 4 dl/g and generally significantly higher, for instance at least 7 or 8
dl/g. In many cases the polymers will have IV's of at least 10 or 12 dl/g and
could be as high as 20 or 30 dl/g.
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The process of the present invention is particular
sui tabl e for preparing high nolecul ar wei ght

woaimroossh ubl e or water swel |l abl e pol ymers. TheCT/EP2005/007131
polymers may for instance be linear, branched or
cross-linked. Preferably the polyners are high
nol ecul ar wei ght substanti aI% wat er - sol ubl e t hat
exhibit an intrinsic viscosi (I'V) of at least 3 dl/g

asured using a sus ed | evel viscaneter .in
ﬁv@dwﬁr -SAluSle efewaler-s Q%HG BolyaneTPreRrelACEREig i M
pPaEss cffttﬁé g?é }’Irﬁ/@ﬁﬂ%ﬁ in%§ Hef cafonlce Rfontt, AbhJomb dr

gener al | icantly higher, for instance at |east
a?nphotencdllv ypay |b|e mﬁgan@a%selmaaﬁ@r eiesnativelyJaranches @ qress-

ol R hAR o PULe0t MSonid

HpahoHigg opbm@eﬂm(allngcagendlnltxgtneanbhemer bteemsisTbé crdes-linking or
present inventi

Bl goane Bay PR raysBacs s armhisfF B Ao B Feacts
\@{H ﬂn@ﬁér‘\d rugy @éﬁéﬁﬂoﬁ&h@bﬂ?ﬁidr%ﬁ@ﬁh fdpriestance nkﬂﬂ/amm

ranched pdl ymers are prepared by |ncorporat| ng
rhetahioimisiny aohine coRwONN@k WhFhgperreachwih PRB wmxyhc

ql?ﬂli;?sgrf é%ia@&%&é&e‘?ﬂhﬁ%r%s—%% Bt Br%n@ﬁﬁllﬁt tq;@%}’ wiBbé fpoly-

~or mul trfuncti mater a reacts
othylbniceine tinsatatated omrppoxpxmq areich bacarmes polyynagised iatoriwo or

for t I t t

RRTeRO AT FRABE: RGP SHeR Rt BO g PR T e R-
His-aks)ahlds, rnayeamnidituraropisiidel m@nygamrnemrmwemylege glycol
agent” will be a pol yet hyI eni cal I%Bunsat

daeryleiad hawelyRereEsids Nighly FErssiBeed ﬁ@éj f%é? Wath'e
|H§’cl)l rblﬁ Qﬁ&sswg Ka%lec @!lﬂe)’nq?i%@ the %ﬁlrﬁérr}hb\? He 38t Soluble

| nc I S- acr am de tetra al anmoni um
atd athetesubstanaallwumemnn ellgah’lld bsr&hqh@h éorgthT@OBe prepared using

S o5 LR St oL bt

o rﬁéf@udré(rﬁimedtmep%mb@rpmwef@eomm@er wstdmidllﬂ)lapdlymers it
either substantially linear or slightly bra Qhed
isipariaet hakihamaanBpRATe des fromarox eigpfince t 38 SBuid'185d to

ﬂ&éél#dﬂ"{!é&@ sbc?f%%é?s'l ifPOCHRNhching i @oultthave deleterious

Ccross ners ranched wat er - sol ubl e pol yners
effedt |onq:zmpevaee|of§t§al rmjyreepol yners, it

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
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.

The polymer is generally formed by subjecting the ethylenically unsaturated

monomer or a monomer mixture comprising the ethylenically unsaturated
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is inmportant that the nononers are free fromacrolein,
since this could |l ead to unpredictable |evels of

wonres®ordsnki ng or branchi ng whi ch woul d have PCT/EP2005/007131

del eterious effect on properties of the polyner.
Particularly preferred polyners made by the process of
the invention include honopol Lymers or copol yners of
acryl am de or nethacrylan1de Desirably the copol yners
i ncl ude, any of the abov sta d co-

peRIEPals REYRerisationapdltighs, 16 Ty S e Bhealinah
iRaaMtiah efonns@ar&%R}équTt@fra%leﬂ%Mﬂ PRE-a by gbl EHetigitioar y

ammoni um and aci d s of dimethyl am noet hyl
igittetang ace iptreduced Bép s rapnymgr ef Biixtee efdnonametsetorpivate

NN Ny
argl/getherraal iyitibtorseld/pioally m@qkecmltmgorshmledmylredmmra@ bgent such
unsat,ur at r

AR P S B Ao la SR R o
SARRNUNS 'bérsuT;ﬁHa‘-ie BRY sbRalslePepaBOcdipbad, isugh @t tertiary butyl

irradiation, for instance using ultraviolet i R
trydspRerakidg giel @e@m igiiigfiom may; employ iy taﬂ@ GGR Prarg E@%ed on

\,v&bﬂt Emoﬂﬁﬁ%ﬁ%f S%E:h '@oﬁd&?\%ﬂ%f #BRE L?ﬁ? ' Ps‘r‘e?érﬁbﬁ;‘/ though

yheri sati o IS nay eved by t
etoh cdmpetknt of thiet iedbr csupled$ often H@srthan 1000 ipano rtygplcally in

b BwSGe iad Bl Ao Mol e Rnd i ot fif, R
:@@uaingla@n@ BaAURhgSaLRnt AfayaraROMUTD: pes 3 LoD baetferamiy i the

suita per oxy conpound, such as terti ar
Waﬁ(ﬁaéﬁ@i@é‘%?@rgfpﬁéﬁmkz TPt 2t op NSHRRF %@Xup to

10, 000 ppm (based on wei ght of rmnorrer) of each
conponent of the redox couple. Preferably though each
RolypEmisatiommayteisa beeffected myeemslowmg@wtweérﬁgl iniigtion @ope or in

T o

mma%rélwm@wmolmw mabt@mtmrhmwnﬂ&hapreeémmaghca|s at
inthe range 5:1 tg 1.5, nore preferaglyz to 1: 2,
a@elaVﬁEQ%i@we&?@{mdownifan%Wﬁé%oﬂb%ﬁuun B SHEY 2 so be

gl dmsikastthoniii @QFDN, 2,4 Re5PBl(4idyhhbedlb a@bPIECYA).i n
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.

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



conbination with other initiator systens, for instance
redox initiators. Thermal initiators would include any
weuabdeotas7i ni ti at or conmpound that rel eases radPCaER2@5/007131
an el evated tenperature, for instance azo conpounds,
such as azobi si sobutyronitrile (AZDN),
4,4' -azobi s- (4-cyanoval eric q id) (ACVA). Typically
thermal initiators are used im an anount of up 10, 000
ppm based on wei ght of nononer. In nost cases,
however, thermal initiators are used in the range 100
THe éll@@%g%@nﬁﬁl@é ﬁfealméhd%g%ﬁlﬁjs?raf@@ieﬁ%ntiéﬁuﬂﬁthb!ut being in
around 1,000 ppm Typically an aqueous sol ution of
anyrway Eoitingh e mononer may be pol ymeri sed by sol ution
or bulk polynerisation to provide an aqueous sol ution
or gel or by reverse phase polynerisation in which an
aqueous sol ution of nmonomer is suspended in a water
imm scible liquid and polynerised to form polyneric
beads or alternatively by enulsifying agqueous nononer
into an organic liquid and then effecting
pol ymeri sati on. Exanpl es of reverse phase
pol ynerisation are given in EP-A-1 50933, EP-A-1 02760
or EP-A-1 26528. The followi ng exanples are intended to
illustrate the invention, wthout being in any way
limting. Exanple 1 Preparation of Acrvam de
Rhodococcus rhodochrous strain 2368 (0.1 1gramdry
cells) and containing nitrile hydratase, is added to
wat er (625¢g). The reaction mxture is heated up to 25C
with stiring. Acrylonitrile containing 50 ppm acrol ein
is fed into the reactor at a rate to maintain the
concentration of acrylonitrile at a maxi num of 3%
After 300mns the acrylonitrile is fully converted to
acrylam de at a final concentration of approximately
50%Vv w. Anal ysis of the acrylam de shows it to be free
of acrolein to below detectable imts.
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The met hod of analysis used for low | evels (below 5
ppm of acrolein is GC-M and for |evels of acrolein

wahos®otdsi s GC- FI D can be used. Exanple 2 Acr oPermP2005/007131

reduction was studi ed using an acrylonitrile solution
contai ning an acrolein [evel of 500 ppm Thus:
Rhodococcus rhodochrous 2368 E0.0l gramdry cells) is
added to a m xture of acryloﬂ trile ( 1 gram and
water (19.0 grans) and acrolein in a 25 m bottle. The
s incubated at 150C with continuous stirring.

ﬁ%’ﬂi@"@cﬁ)n@r&r\%rﬁﬂ@r awn periodically and centrifuged

or to analysts by GC-FID for acrolein content.
Rho@cvcopouw brquesestr@m 3868 (0.1 égram dry gails) ang captaining

'E& gﬁ%ﬁgfagé%ﬁso%qeﬁ%' CF Fé d@liegfet& ﬁérg nhktmé % heated up to

26°Q/Withistirind.e sol uti on contai ni ng an acrol e| n I eveI of
500 ppm Rhodococcus rhodochrous J 1 (0.01 gramdry
cells) is added to a mxture of acrylonitrile (1 gram

ABYIoMHRS cdnt@nfigHEHEh RP6leGs BEinfo the Radfor &t alratd foe.
Thé bottle was i ncubat ed at 15C with conti nuous

@aintalnrt@e canaitasionsf acilanigiteagia prpirawncd3%. Affer 300mins
S DHRRE 6 o e BB Rl o
Tappmtanneatelqcﬁm%dlw.r.énalyﬂs qﬁptlha_ acrylwhld?/sgeweq:tttamwree of
i S a e 1is repeate n
%%rnf?lﬂ'fbrﬂ %P@%%ﬂ?géﬁﬁ% acrol ei npl evel suISIesg than 2

ppm Anal ysis of the acryl am de shovvs it to be free of
acrol ei n. npari son wth have found

Thamathed p%%aly% upeg @rd@wé%\fﬁb%mql% 55&@) Jragreleindis{GC-MS
85d ¥ rfl‘é‘\‘/é@of §cr8{@ﬂi}856\}@lth?§ hleN =) ﬁ%e \yaeq. using

acrylonitr er wth or wi thout acrolein present.
H gh nol ecul ar wei ght pol yner prepared using

E r¥|| reméde made from

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
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.

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
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
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1is of simlar quality to high nol ecul ar wei ght

weoabosrme7es7 usi ng acryl am de prepared from acryl earmEPdi06/007131

that contained <2 ppm acrol ein. The performance of the

pol ynmer as flocculant in waste water treatnent
applications shows no differﬁ ces by varying the

|l evel s of acrolein in the ac 2Ionitri|e. The

solubility and nol ecul af_wej ght of pol yner. . .
BeGr HI o aaralain gesiens M inies, B8 %Y%O'sgb'swe'r}a&'ﬁ‘% grixture
r%ealc?&ﬁbﬂn% 3Rit8Below AelRCRBRSEmAS. Preparing an
ethylenically unsaturated am de or an ethylenically

unsat urated carboxylic acid or salt thereof fromthe

1 nding ethylenically unsaturated nitrile in
%Q rﬁﬁat%ele nitrile is subjected to a hydration or
Byampleyisissepeatet ivgng amrgalnnmjeenu‘salmagl iaoroléin leveds less than 2

e ArelE=ia 55 0 SRS FhPwS s RS e oy

carboxylic aci d or salt thereof contains less than 2
[ggm acrolein. 2. process according to claim1l in

cemparigorhyilk ﬁxampé@ 1ivee havg taupdrtaatihe readtion rate of
r Ihlgw,@
accor d&wﬁwl%mﬁgq%% idb s %EP gls%gtﬁe \?@@g%%ﬁg
mrylmﬂmlgaﬁenwtthax wnﬂ;uouta@tarblem plfespnbdum ng a nitrile
hydr at ase and an am dase. 4. A process according to
claim1 in which the biocatalyst is a m croorgani sm
HiRtmbiecaiapdight b gﬁéﬂﬂépé}@dmsmg adryiagede rnadfé fporacess

according to any laims 1 to 4 in i ch
aprylonttipynaiang 5 @P@oﬁ‘@ﬁh@i%ﬁ?@faﬁﬁ%‘) iR ot Sl auality o
H'ﬁﬂmdeﬁ"t he@{g}ﬂ? gél?nfé% a5i g'égzryl‘rlné’rg?i(% rrggﬁlﬁisdzrcgfﬁ al:r)l?l@nlfrlle
fﬁlabdmiemds<2rrbmdcactwlelm$ Tb@@erfegnarme of tbe@@éémer as ﬂocculant in
accordi,n

SSSR A bEE PEAB T A B g g s

61 fdroRirgianhs acwidrifild. STHRhaatsing e mcbiedmehwetmt of palymer

2368 (NCI MB 4 11642 a_mut ant thereof and ra r%Jtrlle
manufactured is also suitable for use in paper making applications
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hydr at ase obt ai nabl e from Rhodococcus rhodochr ous
strain 2368 or a nutant thereof. 8. A process
weaceewrod7asg to any of clains 1 to 6 in which theCcT/EP2005/007131
bi ocatal yst is selected fromthe group consisting of a
m cr oor gani sm whi ch i s Rhodococcus rhodochrous J 1)
a nutant thereof and a nitril e hydratase obtainable
from Rhodococcus rhodochrous’® 1 or a nutant thereof.
9. A process according to any of claims 1 to 5 in
@RS the biocatalyst is a mcroorgani smof the
Rhod to
1ain BIgREEss Bvql%ftpaﬁgs %hegtmglé»@ncag&l @ﬁ@gﬁe@%w@b%
éjhyjemballwlsmsatlsradmi earbexylicranid ohsalbihergof doms tha cergesyonding

a0 S A T ARBI68 i8S Pt o

PS8 esattionhuhah fueausd niedilvB irt3Fesence olid bidcatalyst,
thereof. 11. A process according to a

whaspndnainiite coas arovng VoG p taS earies pbaapraHie
EIF(éﬂc?glgééWwaeFéBT%oﬁEdWé?Ie%E ™ gbﬁpéaa@irﬁm which is

ococcus ruber a mutant thereof and a
ditriA awesbaamrthIgetquiajm Pﬁb\ubl@béh@blqcat?éysté,& fain

NP L s Db RS 08560 o plhe fhPaQRESS

di ocapgryedss accoeding tcedlafm drin whichgtheupocadalystisiang of a

m cr oor gani sm whi ch zi.a nat,r.onol

MiCEeOra g thit SxaBPBlsr o RO g ?ﬂ'tr'@%xﬂ&%@# Zpdpiemitase.

43m da)@ﬁrdb@s@laeé&bmq] Qﬂ%uPI ﬂnzwnqcﬁahé BlRhtdAitesaNCl MB 4
165, or a mutant thereof . A process according to

rawyoqrgamrsm thet is qapable ¢frprwlwmg gHrilgsgeat al yst

onp
SeABRR LR eI S gy UESCF ST B e
rhickadrganigmcef thall%hodmabmljsagenu% A process accordi ng

é © anX p%ce%s accord}ng to any Afr}:lé’fpnls%hto §1 In wﬁncﬁl ?he %locatalyst isa

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
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
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

biocatalyst is selected from the group consisting of a microorganism which is
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(et h)acryl am de. 16. A process according to any of

clains 1 to 15 in which the carboxylic acid is (neth)
waaenosloowsaci d (salts). 17. A process accordi ngPCO/EREONS/007131

of clainms 1 to 16 in which the nitrile contains at

| east 10 ppm acrolein. 18. A process according to any

of clainms 1 to 17 in which tq nitrile contains at

| east 20 ppm acrolein. 19. A grocess accor di ng to any

SoaTasinis rBNG N4 0BRE syt st Cale WitERpidBicifable

ﬂ?&hﬂﬂﬁﬁio@&cé@%’eﬁ Qtrﬁﬁrmw@w&@m ghhmlaﬁmh@aédfy
unsat ur at ed nononer. . Use according to claim?20 in

{hi cHA prrcess igreidingio qnytnfﬁbalm%ﬂt P pbAleire © ingvhich the
G8e85h Sfts se R oM MU Sorsetiiy & o riEbBiganiom whjcn i
Iahq)ddcs\aﬁbu?] 'rl{bﬁrI\KJIMﬂstéolﬁﬁZ:cmuth there?faar:]d 2 hitdlaselchitainable

i c e a of the r
foniREgoERct s e SR8 NGMB 3075 Hr SralBfi bBRdt oo i ng
.0l X BRscedb arBoRfintyloean\Cat diaimsnis®l 4 iredvAithrine didatalyst is
bl end conprising the ethylenically unsaturated

sripIAd fromiecarorn FeRBisting sf & BUETOPEIaRRIN MR igrPietzia
ﬁétﬂiﬂo‘ﬁm(al??é NEIMBS @ﬁ%aé%tﬁh thb}é%f aﬁe 'B’r'htrﬁé H?dﬁé’t‘é‘se and

st eps, contacting the ethylenical unsat ur at ed
antdase @bidinable fisino &&talayﬁtronohmemNawaﬁﬁﬂﬁémrcaamu;ant
nsatfurat ed nononer, (ii) optionally mxing the
Fﬁﬂ eni cal ly unsaturated nononmer with other nononers

13 f oA précdskendordigitd any of csaihisettd 1@irt Which the biocatalyst
et hyl enical ly unsat urated nononer or blend to

eRIMpieas Whele&§lleondi ti ons thereby forming the pol ymer,
14. A process according to any of claims 1 to 13 in which the biocatalyst

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).

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
up to 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)

acrylic acid (or salts) and (meth) acrylonitrile.
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wherein the ethylenically unsaturated nitrile contains
above 2 ppm acrolein and the ethylenically unsaturated
waounmwmerdscont ai ns | ess than 2 ppm acrol ei n. 24PCHEP2005/007131
process according to claim23 in which the
et hyl eni cal | y unsaturated nononer is selected fromthe
group consisting of (meth) acrylam de and (meth)
acrylic acid (or salts). 25.200 process according to
claim23 or claim?24 in which the biocatalyst has an
28t t Wisefasgousting taielfing 8@ of glaim i Whigh the 'Qeataﬁ(sfhas &y of

ﬂ?%%%ﬁﬁ???irgﬁﬂgm,{lgam any4§f claims 23 to 25 in which

e contarns at |east 10 p{)m acrolein. 27. A
281 oc Aszroaesofod ipreparimgangolpeChbamstipienienllyginsaturaiesh

e T RO RoT EPRyRAT PSR ol
néoneriidd e st Fromd ah etthféhicaliy usatirateal. nitrile, comprising
.the steps,

(i) contacting the ethylenically unsaturated nitrile with a biocatalyst to
form the ethylenically unsaturated monomer,

(if) 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
the ethylenically unsaturated monomer contains less than 2 ppm acrolein.
24. A process according to claim 23 in which the ethylenicaily 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.
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.
28. A process according to any of claims 23 to 27 in which the nitrile contains

up to 500 ppm acrolein.



