PROCESS FOR THE PRODUCTI ON OF 1, 2- PROPANEDI OL The present invention rel ates
to a process for the production of 1,2-propanediol or propanols,
particula%%% é% t he hydrogenation of 1,2, 3-propanetriol, also known as

gl ycerol . XB2UWPH&8 cularly it relates to a process for BETICGERPIEPSIME crude
product fromthe glycerol hydrogenation to renove unreacted

hydr oxypr opanone and other inpurities. @ycerol is available in |arge
quantities and it PROGERSS FQRTHE RROPUCAION @il 2-RROBAMEDIQL wi | | increase
as it is a by-product of processes which are becom ng increasingly
attractive since they are based on natural products such as oils and fats
as st arlthengesent @vemlon. rebxanplagsowbs fur ltise produdtnsofi Inbrogendaidlror @rdpanslape
seed oil, beef tallow and the |ike. However, whilst glycerol is available

|
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pr oces € gerbiieainrass ddyessptopator dné@det dapuritiespr ocesses whi ch have

gl ycerol as a by-product offers econom c advantages. Thus processes to
whi ch a glycerol reactor could be coupled include bio-diesel units and fat

splittef,s. such as..fee its to.n l. L er l.ant s_and. t.he |,k
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material s which have various applications. Various processes have been

pr opos @&k based e faderal prgdusiesuchy elsinsliats As gadiog senterinly dxemplsa df ¢ils a2 6249

in which,a,gaseo st ream .of eral .i,s ;dehydrated to acrolein. The

acr ol eini"nCIP%egQ%élr?lC(r)arPSeSﬁ%dén%I&a{jﬁg’L%ga‘?vgpggletlg(e& hydr oxypr opi onal dehyde whi ch
is then subjected to hydrogenation in the liquid phase. This nulti-step
process enables 1,2- and 1,3- propanediol to be obtained sinmnultaneously. An
al t er ndlgwever,iwdulselperaclds praplebledn laggedpaptitidséld praseniSscsiagpligitedHarvelunire It

gl ycerol ,is . converted to 1. .2-propanediol a 2-et hanedi ol b

v ogandeTedfeTkaRHRE R fobiE SRS ERAT R <rB abe BHRLOLDINBryed raeeli o1
and at b @D EE MIUhereire 80 AulerddOChat MEHIRANIMIZASZLRETGRARE! @5 k4ol
US5616817. The process, which is directed to the production of

1, 2- pr @parfeeiistick te gepsicpses vilieh pvgadyasrolies aavimodudiatiers esoneraistadgantegesnor e

t han 20% wei ght . _The hyfdr nation i arri .0ut . in the presen of a
cat al yot G SRAEHE iy Tt EoE RS BaHO? Rad 15 26L0 R aRithge BardiGel bR G e
pr oces s@ht€le S Reee B0 antrAldbRFEnOphet afBaRdieor obtai ning desirable
products from glycerol, they suffer fromvarious di sadvantages and
drawbacks in terns of conversion, rate and/or economcs and it has

t herefo been,suggest ed at vapaqur ase hvdraagenation shoul be ed.
one. SudhiBiPER BeReRIREE ot BB 1RO mBNERS OU R R aR e PR T8 12
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a streamof a hydrogen-containing gas and subjected to hydrogenation in the
vapour Ys@ue pfasesshehgedwen propgpedafor atfedtipg thexgonyerstamper at ure of from about
160C to about 260C, a pressure of from about 10 to about 30 bar, a hydrogen
to glycerol ratio of from400:1 to about 600:1 and a residence tine of from
about Qy ?ﬂocm i3Redkibed h BBG826248rih WiHieh 8 dhscbiesthuae! e0apairblan dely drdted dapour
phase offers various advantages over the prior art |iquid phase processes.

| n geneculleint Abke peroledeivdben tonslensedtang hiidatadge danidovkypeapienstdehsdd whigh isThi s
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mai ntaining high overall selectivities to the desired products. An
al t er ndiS52d4¥Hpoullenghtiseglyoerol he conuatedt oo, 2opropamsdydlearsl d)2yetbinedipl rbyact i on

of a feed material conprjsin | ycerol in the presence of hydrogen is
Gescr i BRAraER e SR OB P T P M COPROI AR S ety oTar Bt
Thi s pg@g&g&oq?nprises the steps of: (a) supplying a stream conprising the
feed material to a first vaporisation zone and contacting said feed with
cycl e gas conprising hydrogen such that at |east a portion of the feed is
vaporised by and into the cycle gas; (b) supplying at |east a portion of
t he cydite aljerwatived pravessgager itbedighise ghasat brdregentidor of | algdereleig cddseribeglotie
conprising catal yst and operating under reaction conditions to allow

hydr ogenati on and dehydration to occur such that a major part of the
glycerol is converted; recovering fromthe first reaction zone an

i nt ernmedi ate product stream conprising cycle gas, mnor amounts of
unconverted glycerol, and desired product(s);



WO 2009/ 074821PCT/ GB2008/ 051143 (d) suppl yi ng the internedi ate product
stream fromthe preceding reaction zone to a final vaporisation zone and
contacting it with additional feed material such that an anount of

gl ycerol , MPpB%74#8Lel y equivalent to that vaporised in PREGHBGSASIHY
vapor i i , 1S vapor.ised..b nd.into,the i r medi at e, product
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t hese \apauthe prasecpfacetbas cahpeding eshabliisoppety anhggese akmolybtatunar t
processes and sone |lead to the desired product with high yield and
selectivity, there are problens associated with separation of the desired
pr oduct ' j L HUS, 0 Qﬁﬁﬁ react. . ewer
by-prodﬁﬁggq%%gﬁgé%%gﬁ%%%g Mnfﬁ@%ﬁ€5?¥§UI p a§§§¥é§§@%g%§§“%h§ﬂg&§F§ stil
i mpur i tf@s gicest Meyfsuffen frdth ohridBeliGdsinads piddiuebackblibichdaf caspiion! @,
particul arly where pharnmaceutical grade product is req}t;i red.

Hy dr ox yABE/®b sereaei¢send dt han dyaretars bsersusigededithptapes phaw ydeogenagiop pould be
internediate, in th r [ o R i J after
the. cr aernyeuRR By ARRIAIGInahGaE R0 e S L EBE Shert
cont ai efe@diRe, MMNWWEBRAL L Eed NI @F%}@hﬁ dontRtadeditatestredht BOUydrogen-
hydr oxypr opanone should be rel atively easily separated fromthe crude

pr oductcostainiaggasyand sehi eetedioihydrogepatiog in the[vepous phaseib thy weeseres of veaiglystotar i ety
of conpounds at t distil ion.condi.thkons requi..ed for e purification
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that the dioxolanes and other simlar conpounds formed are difficult to
separ atte abowd. g $vss.1, 2- propanedi ol by conventional distillation processes
since it is these distillation processes which allow these inpurities to
form In addition, they have simlar boiling points to the desired product.
Thus evegryifig 6&%@1}%@6%118@& fahBe P4 _?lﬁﬂs@%fféﬂ@@zaﬁb@stddbhﬁhg&'&v@hﬁ@ & RAUSI Ng
additional inpurities to be formed, it would still not be possible to

achi evdimidpltasspracessesy I8 gprralt the residencastitoeindhehwlogseatimmreartartiglesse ¥ bigis it
were possible to prevent t formatjon. of the di oxglanes duri.n he

i st | R PR SRR OH P E aniatsdpmud o E Bt S i e
amount sydd WhE liduiddiHR¥Oab@ssarBhel RETRIEd P deBilal sdBrak @R Ybssil@ &Loperate at
hydrogenati on of the glycerol feed. It is therefore desirable to provide a
pr oces dowar pkisutestwielecorintaining highyaexskyspleoipetiente thidesined praddtetsi r abl e
reaction products in the crude 1, 2-propanedi ol stream produced by the

catal ytic vapour phase hydrogenation of glycerol is reduced. Wth this

pr ocessah AdhdtveR8p AR PRAR!Br the pRIJAViE o hrayRine BRI iyatadtidh ©Ra &30 nfkrial
purified particularly to high pharmaceutical grades by conventional

di sti | |akipoisingrgivesslds. the presensesd diydfagands ddsanbyshiasVieh20vé00dewhiah sur

phase hydroge i on product streamfromthe vapour ase hydrogenati on of
gl ycerd C%Q‘grta{g’gttﬂefedﬁs THREEE h ?8@8?\%&%5’@“&?@@? gjtgiﬁo(%:bl e reaction

condi tions i@t heyppReRNLarean AnliflstAHeNLA Ut Al &) ¥Sist VARHEARNIALe afpuNt
of acctol and its deSirable products to substantially zero therefore

al | owi ng very hi glenguting yaid, fedp mithaayelti is compbigingdtydiapsd sueh Hygt ebleesint i onal
distillation processes. ghges accordi ng to (fl Li rst _ésgeqt of the present
invention there i ROTRonOf the deeg HIYESS Poind e hEGEUE B hydr oxypr opanone
and 2, 4-di n%?y 1-3%1-8?@§rtgaméastlla BoflbR ¥ PIRRGSle GhOMIAnE LAIRIsBI RAYBlatetfal M f rom

t he hydrogenati on gl'ycerol,” the crude” product stream conprising
1, 2- propanedi ol dindt leydivoxype opeprovieg cailyist didhateratibg 2ndetreratioh conditions to

1, 3-di oxol anes as | rities,. the process conprising: . (a re

required condensﬁﬂ%gfﬁﬁhegﬂﬁ'OBFBQd%gwgﬁ?%hﬁggﬁﬂﬂsugldwta‘nm°1p%“%@?m3
glycerol is converted;

(c) recovering from the first reaction zone an intermediate product stream comptising

cycle gas, minor amounts of unconverted glycerol, and desired product(s);
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(b) contacting the crude product phase in the liquid phase with a stream of
a hydrogen-containing gas in the presence of a heterogeneous catal yst at
sui tabl e tenperatures and pressures such that hydroxypropanone present in
t he crude WPAIWA48r eam i s converted to the desired proR&TEeR2808/aHmtH3

2, 4-di met hyl- 2- met hangl- 1, 3- di oxol anes are re?uce to from?20.to 60 ppm
when neasur ed) by YRELEM Getegedts Profpctseam e BFCHERE Laciqnzope i
product stream w Y. i Rt S .

hydr oxypr opanone #Jéalc@g%%erﬁglé%%} E}n}%g%%gtﬁggg%g{ggﬁltﬁge %drlrg g?lr?bmheg?gtosed
to the distillatifnageadi bf giscerdlhapprogiasitele equivatinctts thivi edpoaisel fortiked in
prior art processes during distillation are not produced. In particular,

t he di oxol ane whi piecaskitg KPOBISHIRICERCIR SAPHIFEH b pd Jpathe interediate Hretict r om
t he desired produrtt is avoided. Dioxolane is difficult to separated from
the system by di sti*™ti on. The process of the present invention wll
general ¢ pr%ﬁ;@x the Wirkdrh €@nPstesl (D to & Finela@hdtionwohe Borhhiesind\atalyst

2009/ 074821P 008/ 051143 anount of hydroxypropanone present is reduced
to effectively zero. That is to say that its presence and that of its

ti duct h dj i1, typicall
bout  oRUBBHHANE RRERSr R by en it bR SRkl OB ERRRINA% P o

whi ch i ghd Weprb@e/@ag05di ng to the process of the present invention is one

which is the product streamfromthe vapour phase hydrogenati on process and
whi ch has not been subjected to purification steps. In one arrangenent, the

pr oduct re fromthe plant in which the glyceral is reacted in th
Dapour  preabeie oot PinceSel PUS v O MR8y oL oHRE S Piaeet B0

i nvent i Qine JeRd & the dBatddRo@idt IHHETERYRId dnld@clettivley, Bieadiie ?rcﬁﬂé’rﬁ@z_ﬁﬁb(ﬁﬁi@ted)e
stored, either before or after the condensation step, before being

subj ect withtseparitgonpel the ldiesicedsprogucs firomh émpyriticent Thyp/ehist gapouT iphasgiiredqtieas man
will be ahle to select ,suitable te r at,ur,es,.an ressures redauired

chi evePRcubSis duadtit S APL b B, UFR TS Dk Eone S8 BB 1 o
t enper afif8ieWiprdseRe st (viRhethe Ayl HiGaictIhEERIUEE séphratdd) PafeQlatly Swhepe about
45 barg wll geéenerally be suitable. ressures of fromabout 10 barg to

about 2phdyeaceutiogl dradeprefient isigquiTeshper at ures in the range of from about 20
to about 200C are generally suitable, with those of fromabout 50 to 130C
bei'ng particularly preferred. Qther conditions can be selected as

appropr t@ﬁﬁrxyf)ﬂ&p%egbfsérl@w&s atd1§l hidIHy&oRyReleaE) Bl thedMetBedigBtiaahed
wi th the hydifogen and passed into a heated hydrogenation zone at a liquid

hour | y bpdogenatbmof glycerol thé,2-prgpanedisd. abwstalter thetgudmbldrogamation.tthe | 2qui d

hourly space velocities in the,.mme. of fromahout, 0.2 to about |
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particularly preferred. Any suitable catal yst may be used. Exa[H)I es include
1

ni ckel , bpuiddtillagon, rit ithetifl aesntive anghaneformra varesty i compeanrdsodf, the disidlationn on
ni ckel , copalt and co r based.catal ysts.,The, stream fr i.shing
pr ocess “HUH S rB‘ﬂlﬁgﬁgn@P ?tfﬁ/%‘fﬂt?cgﬂowpmc\éﬁaﬁeth? E?"ﬁr%) st Hl'ppegg rﬁlg&ée)*orr %lrgr#l by
convent | RiRe. FRARSHA Nghitdago I QGENSLT - SRMBON | BRIiSkYAdel 8T Will Heiv@beptabd t Y,
such as 5 that of phar maceutical grade, by conventional distillation
net hods thaTthe diyaiange andjathessiniilap eenpoumds fhymeg pesdilicuditte sensratafiomebe ddycl ed.
propanediol by conventional distillation processes since it is these distillation processes which
allow these impurities to form. In addition, they have similar boiling points to the desired

product. Thus even if there were not the problem of the distillation process causing additional

impurities to be formed, it would still not be possible to achieve a satisfactory separation.

It should also be noted that even if it were possible to prevent the formation of the dioxolanes

during the distillation procedure the problem would not be overcome since small amounts of the
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The stream subjected to the process of the above nentioned first aspect of
the present invention may have been fornmed from gl ycerol by any suitable
process. The process may be in the liquid or the vapour phase. In one
arrangenent, the process is the hydrogenation of glycerol. According to a
second dasftaies afe fohRepd@iignthe vapeinphaye Hydsygenationpfale gdeckral feedcess for the
hydr ogenati on of gl ycerol conprising: (a) subjecting a feed
conprising glycerol to hydrogenation in the presence of a catalyst to form
a cruddt pr beedare slepieablg taaprgvide a process)insuliple thy ergtetof dydepxypriopaise asdritsam
to the proce of the above fifst ln e e i Sa..th .
hydr og e‘ﬁ‘gF ?lrc????equaf’tl%nr &t Oed(r?lgﬁl 131/1 J[(’%lg c(f]rr%a? n ’C%Plré)p \%eﬁiéﬁ pﬁ%)eﬁgls gp O%Ij"ﬁegle % & ot (}:l gsé %gfm

step (ajapomyphse aydropehitil 6f alycanyenesiuced Wiy thixe ptdtads Besdll ibbgshssibleatdy
one of WD 2007/010299, WO 2007/ 057400, WO 2005/ 095536 or WD 2007/ 053705
whi ch arevife detpioparesiplhwhishreapybe prihieh particylatlyde high phawmsatical weadss dvess

of step, S@Qntﬁ)ﬁﬁpcfi%tﬁﬁﬁoﬁ H.agking a feed conprising glycerol with a stream
of a hygr ogen-cont al ni ng gas and subjecting the streamto hydrogenation in

t he vapour phase in the presence of a catalyst at a tenperature of from

about 1606s beenatoaul RAQassidg HeaaUE Gapdurfphase apdoberklioh préheti bt Bam tie
hydrogen to glycerol ratio of from400. 1 to about 600:1 and a residence

ti me ofvappemhapolitdrosepatiemobgipenrobovsr 3 digyid nhasehydapgeaptien Prder avifablrgieaion,
the pr Oc%ﬁﬁi%ioﬁg il? P pﬁe@%nc%.o(ﬁp 5'1’%?6%0#65&@0 LRIV redilesSHBPRINGRG o REGLEAM its
conprising the teed ' material to atirs vapgrl sation zone and CORtact| ng
sai d f elesiratilé¢ prodycts @0 géstandalpy zabnigerbfpds alfeving wety hiblpurty 1,2gsdpaacdiolr tbiben

of the feed js, vaporised py and into the cycle gas; supplying at |east a
port i o&b&f‘nqdrfélrt%ﬁﬂnée@%ag‘%ﬁ%ﬁﬁ’@“\?&?ﬁ???"’%d feed material to a first
reaction zone conprising catal yst and operating under reaction conditions

to all gg ' gﬁ%ggﬂg LA dehiBf RYESVibdAt, @ pP ty@f
t he V\?)l\%él é §08$§g§81é’%%/t § /é %%ﬁérﬁg?yecelr o@é?es onver e%; p?‘?‘%e% Pt " th
r ecoverremgvil ofnhy e xkpraplanoeaahd 4 -domethgh2imetbanadi,atdopsladerc frosit racamde
conprising cycle g?s, nLn%r anmount s of uncon\{erted %I ycerol , and desired
pr oducthreguct streant’ from the hydrogenation of glycerol, the crude” product stream comprising
1,2-propanediol and hydroxypropanone, 2,4-dimethyl-2-methanol- 1,3-dioxolanes as impurities,
the process comprising:
(a) where required condensing the crude product stream; and
(b) contacting the crude product phase in the liquid phase with a stream of a
hydrogen-containing gas in the presence of a heterogeneous catalyst at suitable temperatures and
pressures such that hydroxypropanone present in the crude product stream is converted to the

desired propanediol and 2,4-dimethyl-2-methanol-1,3-dioxolanes are reduced to from 20 to

60 ppm when measured by gas chromatography.
In example embodiments, the crude product stream will not generally contain acrolein.

Since the hydroxypropanone is converted to the desired product before being exposed to the
distillation conditions, the undesired products which are formed in prior art processes during
distillation are not produced. In particular, the dioxolane which can be produced when
hydroxypropane is separated from the desired product is avoided. Dioxolane is difficult to

separated from the system by distillation.

The process of the present invention will generally provide a purified product stream in which the



(1v) supplying the intermedi ate product streamfromthe precedi ng reaction
zone to a final vaporisation zone and contacting it with additional feed

mat eri al such that an anmount of glycerol, approximtely equivalent to that
vapori sed W1 20807482ecedi ng vaporisation zone, is vapori sBUT/B260%@S1HE0 t he
i ntermedi ate product stream (v) supplying the streamfromstep (iv) to a
final reeacni of hydmeywopgins ipresentaisatgused tTisdegiivebereroi nbhehiy tnsaxi that ifow be

described with ref .0 the fol| o | . i
or e surBeRi< e SRR FrRscen RRCEHS b 8 Do aoruade S G Sh AEherTBal o
were Usgfys %nhéa&r@d@;fémr%a%%ﬁﬁﬁarQEd with catalyst. A crude

product stream nmade 1 n accordance with the process described in WO

2007/ 010299 was supplied to the reactor and subjected to the process of the
present_invention. The condjtions and results are s out Table.l.. Table 1
Eampl STaGTIde prabist FRRATORIGR SHERBAE o BRI PROer i Ty SR i pae

gl ycer gl \M%’ fg;g %ﬁ%{u%bgtgeggﬁ flotn théX 5% WAL AR A drFrobds9 GRF Whith A RSENt

i nvention
been subjected to purification steps. In one arrangement, the product stream from the plant in

which the glycerol is reacted in the vapour phase will be passed directly to the process of the
present invention. In alternative arrangements, the crude product stream may be stored, either
before or after the condensation step, before being subjected to the polishing step of the present

invention.

The skilled man will be able to select suitable temperatures and pressures required to achieve the
desired result. In general moderate hydrogen pressures and low temperatures will be suitable. A
hydrogen pressure of from about 5 to about 45 barg will generally be suitable. Pressures of from
about 10 barg to about 25 barg may be preferred. Temperatures in the range of from about 20 to
about 200°C are generally suitable, with those of from about 50 to 130°C being particularly

preferred.

Other conditions can be selected as appropriate. In one arrangement, the liquid product stream is
contacted with the hydrogen and passed into a heated hydrogenation zone at a liquid hourly space
velocity in the region of about 0.1 to about 10, with liquid hourly space velocities in the range of

from about 0.2 to about 5 being particularly preferred.

The hydrogen gas may be supplied at any suitable flow rate with those in the region of about 100
to about 250 GHSV being particularly preferred.

Any suitable catalyst may be used. Examples include nickel, such as in the form of spheres,

ruthenium on carbon, ruthenium on nickel, cobalt and copper based catalysts.

The stream from the polishing process of the present invention will have the gas stripped

B

oy

therefrom by conventional means and the product stream can be purified to high purity, such as

5



0. 0040 0.0038 Reactor Tenp C 110 90 70 WD 2009/074821PCT/ GB2008/ 051143
Pressure psig 600 300 300 Gas rate nlph 10 12 12 Catal yst

that of pharmaceutical grade, by conventional distillation methods. The hydrogen gas stripped

from the product stream may be recycled.

The stream subjected to the process of the above mentioned first aspect of the present invention
may have been formed from glycerol by any suitable process. The process may be in the liquid or

the vapour phase. In one arrangement, the process is the hydrogenation of glycerol.

According to a second aspect of the present invention there is provided a process for the

hydrogenation of glycerol comprising:

(a) subjecting a feed comprising glycerol to hydrogenation in the presence of a catalyst to

form a crude product stream; and
(b) subjecting the crude product stream to the process of the above first aspect.
In example embodiments, the hydrogenation will preferably occur in the vapour phase.

The process of step (a) may be any suitable arrangement and may be that described in any one of
WO 2007/010299, WO 2007/057400, WO 2005/095536 or WO 2007/053705 which are

incorporated herein by reference.

In one arrangement, the process of step (a) comprises contacting a feed comprising glycerol with
a stream of a hydrogen-containing gas and subjecting the stream to hydrogenation in the vapour
phase in the presence of a catalyst at a temperature of from about 160°C to about 260°C, a
pressure of from about 10 to about 30 bar, a hydrogen to glycerol ratio of from 400: 1 to about

600:1 and a residence time of from about 0.01 to about 2.5 secs.
In an alternative arrangement, the process of step (a) comprises the steps of:

(1) supplying a stream comprising the feed material to a first vaporisation zone and
contacting said feed with cycle gas comprising hydrogen such that at least a
portion of the feed is vaporised by and into the cycle gas;

(i)  supplying at least a portion of the cycle gas and the vaporised feed material to a
first reaction zone comprising catalyst and operating under reaction conditions to

allow hydrogenation and dehydration to occur such that a major part of the



Cal si cat nickel spheres 86/4 HTC 500 HTC 500 + 0.1% Ru LHSV VI 0.5 3.5
Exanples 4 and 5 A reactor was charged with catal yst. A crude product
stream nmade i n accordance with the process described in WO 2007/ 010299 was
suppl i ed O 2M98/0748att or and subjected to the process of PEEGBRSHOHK143

i nvention. The conditions and results are set out Table 2. Table 2 Exanple
4 Exanpl e 5 Feed@xhemtypewseitestiei n product from hydrogenation of glycerol

wt %

(iii)  recovering from the first reaction zone an intermediate product stream comprising
cycle gas, minor amounts of unconverted glycerol, and desired product(s);

(iv)  supplying the intermediate product stream from the preceding reaction zone to a
final vaporisation zone and contacting it with additional feed material such that
an amount of glycerol, approximately equivalent to that vaporised in the
preceding vaporisation zone, is vaporised by and into the intermediate product
stream;

v) supplying the stream from step (iv) to a final reaction zone comprising catalyst.

The present invention will now be described with reference to the following examples. In these
test reactions pressures higher than those which would be required on a commercial scale were

used.

Examples 1 to 3
A reactor was charged with catalyst. A crude product stream made in accordance with the
process described in WO 2007/010299 was supplied to the reactor and subjected to the process of

the present invention. The conditions and results are set out Table 1.

Table 1
Example 1 2 3
No
Feed hydroxypropanone in 0.982 1.16 1.31
product from hydrogenation of
glycerol wt%
Hydroxypropanone after process | <10-20 ppm 0.0040 0.0038
of present invention wt%
Reactor Temp °C 110 90 70




1.171 1.171 Hydroxypropanoneafter process of present invention wt % 0.008
0. 020 Reactor Tenp C 12 125 Pressure psig 600 290 Catal yst 2wt % r ut heni um
on carbon support 2wt % rut heni um on carbon supp.ort LI-I1SV luri 1.95

WO 2009/074821 PCT/GB2008/051143
Pressure psig 600 300 300
Gas rate nlph 10 12 12
Catalyst Calsicat nickel | HTC 500 HTC 500 +
spheres 86/4 0.1% Ru
LHSV hr'! 0.5 3.5 1
Examples 4 and 5

A reactor was charged with catalyst. A crude product stream made in accordance with the
process described in WO 2007/010299 was supplied to the reactor and subjected to the process of

the present invention. The conditions and results are set out Table 2.

Table 2

’Example 4 Example 5
Feed hydroxypropanone in | 1.171 1.171
product from hydrogenation of
glycerol wt%
Hydroxypropanone after 0.008 0.020
process of present invention
wt%
Reactor Temp °C 125 125
Pressure psig 600 ' 290
Catalyst 2wt% ruthenium on carbon | 2wt% ruthenium on carbon

support support
LHSV hr" 1.95 2.02
Time on Line, h 132 180
Hydropxypropanone 1.171 1.171
Conversion,




2.02 Time on Line, h 132 180 Hydropxypropanone Conversion, 1.171 1.171

CLAI M5 1. Aprocessfortherenoval of hydr oxypr opanoneand

2, 4-di met hyl- 2- met hanol - 1, 3- di oxol anes from a crude product streamfromthe
hydr ogenati on of glycerol, the crude product stream conpri sing

1, 2- propanedi®! and hydroxypropanone, 2, 4-di nethyl-2-nethanol -

1, 3-di oxol anes as inpurities, the process conprising: (a) where
requi red condensing the crude product stream and (b) contacting the
crude prioductA phaggodess t hefdri quithe phaggnoval h aoft r eapd@kypropanone and
hydrogen-containizg@gas in the presence of a heterogeneous catalyst at

sui t abl &-4-empehal happd- o3 -daexnlaness fEpmt Hat CTHY®r BIIChHpatieate HiodseHie i n
the cru S ' Y/ S| : 1ed] d

2. 4. di g e b Af BBk GREIEHIE brb e e LR R B B R na
when neagdioggplopagas, ché-diratthgl-2qpieghandl-AlPrdiorslsnac aor dipugiticg Gleaiprockss
wherein the crude product streamis fromthe vapour phase hydrogenation of
gl ycer ol®OMBANBr ocess according to Claim1 or 2 wherein the pressure of the

hydr ogen- cont@i ni RghQ@fkquited EQMeRsihO tE i@ Foduct stream; and
(b) contacting the crude product phase in the liquid phase with a stream of a
hydrogen-containing gas in the presence of a heterogeneous catalyst at suitable temperatures
and pressures such that hydroxypropanone present in the crude product stream is converted to
the desired propanediol and 2,4-dimethyl-2-methanol-1,3-dioxolanes are reduced to from

20 to 60 ppm when measured by gas chromatography.

2. A process according to Claim 1 wherein the crude product stream is from the vapour

phase hydrogenation of glycerol.

3. A process according to Claim 1 or 2 wherein the pressure of the hydrogen-containing
gas is from 5 to 45 barg.
4. A process according to any one of Claims 1 to 3 wherein the temperature at which the

condensed crude product is contacted with the hydrogen-containing gas from 20 to

200°C.

5. A process according to any one of Claims 1 to 3 wherein the temperature at which the

condensed crude product is contacted with the hydrogen-containing gas from 50 to 130°C.

6. A process according to any one of Claims 1 to 5 wherein the liquid product stream is
subjected to the hydrogen and passed into a heated hydrogenation zone at a liquid hourly

space velocity in the region of 0.1 to 10.

7. A process according to any one of Claims 1 to 5 wherein the liquid product stream is
subjected to the hydrogen and passed into a heated hydrogenation zone at a liquid hourly

space velocity in the region of 0.2 to 5.



4. A process according to any one of Clains 1 to 3 wherein the tenperature
at which the condensed crude product is contacted with the

hydr ogen-containing gas from 20 to 200C. 5. A process according to any one
of Clainms 1 to 3 wherein the tenperature at which the condensed crude
product is contacted with the hydrogen-cont ai ni gas from50 to I130C. 6. A
pr ocess 8accordPH§esoasAlding o apy epapislaimsel & Wﬁ’%?eé@lﬁ they&ydiogen-gopideect

stream 'ggs ﬁ%ghﬁcfdh ﬁ?))‘,’}ﬁ% lg)fﬁlgl% en o?er p@?ioeg Gﬁs‘if a heat ed hydrogenati on

zone at space ve OCIt region of 0.1 to 10. 7. A
process according to any one of d ai ms 1 to 5 wherein the |IC]UI d product

stream s subjected to the hydrogen _and passed into a heated hydrogenati on
zone at ‘a n%mcwmv dujgde@ny epeef Haimg 1itpd Wléegwaﬁhwt@ly% 1g gelgeted Gom

process ;ageer iR9 LiheAll rﬁﬂl%ngxfn? Gr2tdBod, ¥ hgnlﬁﬁ%ﬁ!rﬂcl&ﬂ cobalt and copper.

hydrogen containing gas is su ied at & ow rate in the region o

250 | f' bekdd\catdysts. pr ocess according to any one of Clainms 1 to 8 wherein the
catal yst is selected from nickel, nickel spheres, rutheniumon carbon,

rut heni um on ni ckel, cobalt and copper based catal ysts. 10. A process for

the hydrggenaf bl%@es@ffoﬁtwﬁ?ﬂx%ker%@ﬁb‘f%ly@grol comprising;:@) subjecting a feed
conprising glycerol to hydrogenation’in the presence of a catalyst to form

a crude prodimtsudjeceany a fred comprlsmg plysub] echydrggtineaiar indheprrostmce oftar eam

to the proi:ess of any Cl ai nms to 9. 11. A process according to Claim
10 wher &aDEHE fParg 06‘619?&‘? hirG@8fol is subjected

(b) subjecting the crude product stream to the process of any one of Claims 1 to 9.

11. A process according to Claim 10 wherein the feed comprising glycerol is subjected

to hydrogenation in the vapour phase.

12. A process according to Claim 10 wherein the process of step (a) comprises
contacting a feed comprising glycerol with a stream of a hydrogen-containing gas and
subjecting the stream to hydrogenation in the vapour phase in the presence of a catalyst at a
temperature of from 160°C to 260°C, a pressure of from 10 to 30 bar, a hydrogen to glycerol

ratio of from 400:1 to 600:1 and a residence time of from 0.01 to 2.5 secs.

13. A process according to Claim 10 wherein the process of step (a) comprises the steps
of:

) supplying a stream comprising the feed material to a first vaporisation
zone and contacting said feed with cycle gas comprising hydrogen such that
at least a portion of the feed is vaporised by and into the cycle gas;

(i)  supplying at least a portion of the cycle gas and the vaporised feed
material to a first reaction zone comprising catalyst and operating under
reaction conditions to allow hydrogenation and dehydration to occur such
that a major part of the glycerol is converted;

(ili)  recovering from the first reaction zone an intermediate product stream

comprising cycle gas, minor amounts of unconverted glycerol, and desired
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to hydrogenation in the vapour phase, 12. A process according to Caim10
wherein the process of step (a) conprises contacting a feed conprising
glycerol with a stream of a hydrogen-contai ning gas and subjecting the
streamto hydrogenation in the vapour phase in the presence of a catalyst
at a tenperaturge of from 160C to 260C, a pressure of from 10 to 30 bar, a
hydrogen to @FV@%K@F ratio of from400:1 to 600:1 and a residence tine of
fromO.01 to2y5 L3 A [ ' [

brocess of sied (S PRI RARERSI GRS I Ah R e Aol Ve
conpri sing the feedd arah@rvapbrismion Zdnesindvapactisgtit enthzalletienl fednmaetiahg
said feed with cycl as conprisinhg hydrogen.such that .at |east a portion
of the feed is vaﬁB&?gﬁﬁmb?gBW@‘#ﬁﬁﬁmﬁﬁeq’ igajglhsequiyglgntdo, yﬂ%6£3€“1east
a portion of the gy&lhecdinganfotiftiodanae] edafoeige BRtA Rko 1R thidridediate
reacti on zone conprising catalyst and operating under reaction conditions
to al | ow hydr ogenar¢dust iredmdehydration to occur such that a major part of

t he glycerol(ha conve ggd'%%ig%%nqg&%%géigg Rgon&ﬁﬁgﬁ%&&st reaction zone an
i nternedi ate *p odiePP PR A 2% rising 6% ﬁ% ggs, i or - anbung SOGPTISne
unconverted gl ycersgalyseand desired product(s); (iv)supplying the

i nternedi ate product streamfromthe preceding reaction zone to a final
vapori sation zone and contacting it with additional feed material such that
an amount of glycerol, approximtely equivalent to that vaporised in the
precedi ng vaporisation zone, is vaporised by and into the internediate
product stream (iv)supplying the streamfromstep (iv) to a final reaction
zone conprising catal yst.
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