A+ PROCESS FGR THE PRODUCTI ON OF 1, 3- PROPANEDI OL Descri ption Thi s

i nvention rel'ateés to a process for t he production of 1, 3-propanedi ol having
a«residual carbonyl content bel ow 500 ppm expressed as propi onal dehyde, by
catal yti'c hydrogenation of 3-hydroxypropional dehyde i n agueous sol ution.

1, 3- Propanedi ol has many potential applicakions as a nononer8dirk44 fQf
polyesters and polyurethanes and as a starting material for the synthesis

of cyclic conpou Pocess for ltRe HLOMICELGh & ﬁn;pf-pwﬁausedlby various pro-

cesses in which t nol ecule i-s built-up froma Cerr] and Cerr]
structural el enent or whi ch preferably start out directly froma ([err]
structural el enpescriptboms in particular acrolein. Were acroleinis

batent appli cat fons P iS5 SO SR1GEE, 'Bo T, priely gBr g uiF! TN
hydrat ed i n aqupredughior of Jt,ﬁennm%f havingi dlteméllwh@l}al yst
to form 3- hydr&éﬂ@éﬂ@'}S’@f&@eﬁdﬁe?ﬁﬁp@xpressed A S PR d&RFdéd O

m xture forned he hydrat.i on l'ei n ch “cont ai ns _unreact e
acrol ei n and se%%hﬂ%¥§1%yBYSFPSﬁnﬁFéaacP§ 1§X§¥9§¥ Fapdot@ddehyds)i i and
optional | ysdi ssaivesusygonhtdoncat al ysts in addition to water and

Catalyet 2 ar ter removals STPERBAIRAEAL: BACaABYe B RN Al TR S L A00E | o
the water. 1, 3sPaopencuer] undtr doav podyestenst land qulywrethanes candus
obt ai ned by di S&é' At EEQrtlng material for the synthesis of cycllc
_,J-{ . compounds.
- ‘ 10 1,3—Propanediol can be produced by various pro-
' cesses in which the molecule is built up from a C, and
C; structural element or which preferably -s_tart out
directly from a C; structural element, such as in
particular acrolein. Where acrolein is used, as for
15  example in the process according to DE-0S 39 26 136 or
German patent applications P 40 38 192.7, P 41 39 981.6
and P 41 38 982.4, it is hydrated in aqueous phase in
the presence of an acidic hydration catalyst to form 3~
hydroxyproplonaldehyde (HPA). .
20 - The aqueous reaction mixture formed in the
hydration of acrolein, which contains unreacted acrolein
,!' ‘. . and secondary _hydration products, such as 4-oxahep-
) tanedial, and optionally dissolved hydration catalysts
in addition to. water ahd_3—hydroxypropiona1dehyde, is
25 _-hYdrogenafed in the presence of hydrogenation catalysts
after removal of the unreacted acrolein and, optionally,
part of the water. 1,3-Propanediol is recovered from
the reaction mixture thus obtained by distillation-
and/or extraction-based methods known per se.
30 According to US-PS 2,434,110, catalysts contain-
1ng one or more hydrogenatlon-actlve metals, such as Fe,'
Co, Ni, Cu, Ag, Mo, W, Vv, Cr, Rh, Pd, O0s, Ir, Ru, Pt,
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and/ or extraction-based nmethods known per se. According to US-PS
2,434,110, catalysts contain- ing one or nore hydrogenation-active netals,
such as Fe, Co, Ni, Cu, Ag, Mo, W V, C, Rh, Pd, GCs, Ir, Ru, Pt,

2 are suitable for the hydrogenation of 3-hydroxypropion- aldehyde to

1, 3-propanedi ol . As described in DE-OS 39 26 136, the catal y2 %4 0@
present in suspended formper se or fixed to a support or nay be a part of

fi xed- bed cat | S };B@&g: -
Preferred hydr g%ena%uon ca?efggtl%l%f*xyﬁ%\’/é?/eo?or a stan%? ??ion _
quantitative coridebyds te t‘-hé-proawes)wér-opﬁ&nae@awa@q n @Tﬁ%p%l?ledl ol

are a) Raney niggehsehi Q:herr&sattayywq&h bd prBseneatial Wusidrnded ctorg
nmetals, b) platinum coat e $ported cat aI sts based on netal goxjdes.or

active carbon, BEEhS8sOFnfi%edi tRIarsURREY 0 MY #S sF PIE A b ¥593ni um
di oxi de cost ai nbed GaﬁalpsﬁsC)%Hgmogegdaous bestall pats rmaaslmbmtbeaﬁséd. I n

fine-particle form accg{.gkggr%l c§§ g@_gg}l Yol TG X&iésorhf)c g%o\%&eG or

c) nickel -coated oxide- alnln supp d ca such as
in particul ar tfieseapsphstantialdy equqrqwa'gu@ crenversioni ¢if \ﬁ'ehQJrr%f time

yield is obtain NeRxeJChl t aegg.@ I on
m xture to be hﬁg?ggﬁgfgﬁxgﬁagaa ?—H%% (t::%n'? er?t-%owzaﬁtég 1%8%

h
preferably 5 toP3g¥sby Wiigh: maYy, beorderRsd s ik yother, % giéﬂﬂﬁl’ and
a pH val ugoof 2abtiveb niatalls hy)dr puatahumrcbatear suppsrtdd catahystsnge

o oo’ o eol Bakbg B hlgaDY (GORRIE of DL A" bRk, “Habg ol 1"
‘ particular supported catalysts based on titanium dioxide
) containing 0.1 fo 5.0% by weight, based on the support,
of Pt in fine-particle form according to German patent
i5 application P 41 32 663.6 or c) nickel-coated oxide- or
silicate-containing supported catalysts, such as in
'particular those based on Ni/Al,0;/Si0,. A high-volume/
time yield is obtained in the hydrogenation reaction
when the aqueous reaction mixture to be hydrogenated has
20 an HPA content of 2 to 80% by weight, preferably 5 to
30% by weight and, more preferably, 5 to 20% by weight
and a pH value of 2.5 to 6.5, the hydrogenation tempera-
ture is in the range ffom 30 to 180°C and the hydrogena-
tion reaction is carried out under hydrogen pressures of
25 5 to 300 bar.

In the production of 1,3-propanediol on an

P

industrial scale by hydrogenation of 3-hydroxypropion-
.dldehyde in aqueous phase, it has been found that, even
under the optimal reaction conditions mentioned above
30 with an HPA conversion of substantially 100% and a
selectivity approaching 100% and despite careful working
up of .th'e reaction mixture by distillation and purifica-
tion of the 1,3-propanediol by distillation, the 1_,3-
propanediol still has a residual carbonyl content,
35 expressed as propionaldehyde, of a few thousand ppmn. |
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5-to 300 bar. In the production of 1, 3-propanediol on an industri al
scal e by hydrogenation of 3-hydroxypropi on- al dehyde in agueous phase, it
has been found that, even under the optinmal reaction conditions mentioned
above wi th an HPA conversion of substantially 100% and a selectivity
approachi ng 100% and despite careful workidg up of the react92anl4d x@@re by
distillation and purifica- tion of the 1,3-propanediol by distillation, the

1,3- propanedi OJI'hi%' h'i‘gﬂ%a%b%%?ld@nt%%b‘l’y'eMEn?é‘fy EXNEESSEESin
propi onal dehyde, of a Tew thousand ppm

3 This high caFbenprodyetden iof dalvelie/drRucbians BLlYFeY hkeprRRMR2Ton of
poly(1, 3-propyl eaeey! e 1:€r €RB! Appllichtioands nthie pellymedt ifor othéhi s
pol ynmer for theagrgdu%tl on %f thbres by rrf%t S£| nni ng, becagse.étléaeélgs
both to odour eRFESRGHdoBNQE: §1RFEE PY BEtbrSBINRARTy | BpgRUSe 1t

Accor di ngl §, thbopholtenoddureseidksiorsheapdedent diseehorahions afo phevi de
a process for t ggduction of 1, 3-propanediol having a reduced residual

carbonyl content, preferabl y ,bel ow 500 ppm_expressed as progi on- al dehyde,
whi ch woul d be based oAccardiagdyytthe pxphlenyaddrensaesd by the present

3- hydr oxypr opi oRgkdakide Wwas26y6PHEy I SE prifea P Fdr tneapk¥dadtion of
HPA- cont ai ni ng aqueous reaction 'm xture fro

whi =pr i : meéggegydgat |.8n if ac]rrgl & ¥

ich has been frd&BTPPEREAALdacPBYIRGr ofei K RAELOPAT ngPFTOPRE

present imeenti ebntentt,epréfesablpciostod B0a ppuyr esgprieseedods propion-
1,3- propanedi ol aliﬁ\éh%ea} which would be based on the catalytic hydro-

| genation of 3-hydroxypropionaldehyde in aqueous phase,

more particularly an HPA-containing aqueoﬁs reaction

mixture from the hydration of acrolein which has been

15 freed from unreacted acrolein.

Accordingly, the present invention relates to a

process for the production of 1,3-propanediol having a

residual carbonyl content below 500 -ppm, expressed as

_ propionaldehyde, by catalytic' “hydrogenation of 3-hy-

20 d’roxypropionaldehyde (HPA) in aqueous_ solution in the
presence of a fixed-bed or suspension hydrcgenation “

catalyst under a hydroge_h pressure of 5 to 300 bar, at

a pH value of 2.5_ to 6.5 and at a temperature of 30 to

180°C and working up of the reaction mixture by known

25 distillation-based and/or extraction-based measures,

characterized in that the hydrogenation is carried out

at 30 to 80°C to an HPA conversion of 50 to 95% and is

' then continued at 100 to 180°C to an HPA conversion of

_ substantially 100%. ' _

30 In the hydrogénation of 3-hydroxypi:opiona1dehyde

_to 1,3-propanediol, the desired reaction is linearly

dependenf_.’ on the reaction ti_me or the space velbcity

(LHSV = liquid hourly space velocity) and not on the

hydrogenation' temperature in the case of continuous

35 processes using a fixed-bed catalyst. By contrast, the
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residual carbonyl content bel ow 500 ppm expressed as propional dehyde, by
catal ytic hydrogenation of 3-hy- droxypropional dehyde (HPA) in aqueous
solution in the presence of a fixed-bed or suspension hydrogenation

catal yst under a hydrogen pressure of 5 to 300 bar, at a pH value of 2.5 to
6.5 and at a tenperature of 30 to 180[err]€ and morklng up o?2thé4r@gction
m xture by known distillation-based and/or extraction-based neasures,

characterized 'E?Eﬂailbﬁe ¥drgﬂﬁgﬁ£ﬁ8n L&c6Rdatgd agétsg0 1ﬁc§@£sé§ an

HPA conversion of 50 t 5% an en continued at 100 to 130 err C to an
HPA conver si on 6¥PengBtialily whenotbs temper?humelﬁya%ﬁ%ﬂaﬁ on %+
3- hydr oxypr opi Oﬂnédeﬂagiadaa lcaﬁrmz@aﬁnednaéntt e dante ed, Bepﬁbpanedi;ol

| i nearly dependent o react pace,vel Qci =

li qui d KourPy sﬂgéeasg §Vt9?sgh3558Fg§ﬁ iﬁeﬁﬁgg bﬂeﬁ%% ggg%y EEE?LrE'ln
the case ob congenauusnpatcasseasmstagthyflqﬁdtbmnenatur9stfongxcmnleast
the 0 to 60° ﬁtlaIV$Smﬁ 51£§r€8tf?ﬂdoﬁhH9“€ﬂé9ge§gﬁﬁagary

pr oduct s |ncreases expone Mper ature 1S I ncrease Sl nce

the residual caFBERPNYdoROERENt qsmlél P% -ShEphiaatl esednsed by ©
unsatisfactoril y ah:aaehathba ga&eegé ad@lé@dlﬂger&s ithe dhventdion wieht bt I ow

emmerature, o8 S 3:40¢ RO SLELC, LE R SULRE!SLRGCY Brbundo! B e
hydr ogenattioon psocesarmicprefegabbyt ho ttoverti®nandt Rtatl deetsta asécond
Lemperature St a9gpbRrblreaie dd O 3enbo AN "HoR"S0B" Yo 2b Y 4Ank.
preferably 110 to 150°C.
' The residual carbonyl content in the pure 1,34
propanediol produced in accordance with the invention-is'
15 generally far below 500 ppm, mostly below 150 ppm and
preferably below 100 ppm, expressed as propionaldehyde.
The carbonyl content may be determined either in known
manner_gravimetrically or, in the case of relatively low
contents, preferably by HPLC and UV detection after
20 conversion of the sarbonyl compounds- into the dinitro-
phenyl hydrazones in the usual way. The residual
carbonyl content thus determined also includes aldehydes
present in acetalized form, such as for example acetals
from 3~hydroxypropionaldehyde and 1,3-propanediol.
25 The hydrogenation is carried out by methods known
per se in known reactors, the liquid reaction mixtﬁre,
 the catalyst and hydrogen being thoroughly contacted
with one another. In the case of suspension hydrogena—
tion, stirred reactors or flow réactors are particularly
30 suitable, the tempe:qture stsges according: to . the .
invention being established one behind the other at a’
time interval determined in preliminary tests or being
arranged spatially one behind the other in a reactor
system. The suspension hydrogenation is carried out at
35 a temperature of preferably 40 to 60°C to an HPA conver-
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tenperature stage in the range from 100 to 180[err]C and preferably 110 to
150[ err] C The residual carbonyl content in the pure 1, 3-

propanedi ol produced in accordance with the invention is generally far

bel ow 500 ppm nostly bel ow 150 ppm and preferably bel ow 100 ppm expressed
as propi onal dehyde. The carbonyl content may be determnm ned €2 He¥4 i9C known
manner gravinetrically or, in the case of relatively |ow contents,

preferably by @t&aaé b dat 8ok Qﬂda‘&tse‘th@{“&fn%ﬁﬁéa fékratmrwlat
conmpounds into t dinitro- phenyl h

razones in the usual
residual car bon¥y}O c&x e?‘ﬁot‘l"nustﬁ’et%‘? nf‘ﬁ’éd CATSERL $Qn des %ﬁ%&‘aﬂr%ent

In acetalized fpgoeg.such as for exanple-acetals from

3- hydr oxypr opi onal dehy, and, 1.3-propanedi _ on i's
carried out by nethods ﬁoﬁﬂbﬁg?mgggi %nkﬁo%xﬁga&egr &%?’ |qU| reactlon
m xture, tHe cadatysteqanippsdimidgin abéﬁxgdt—hedoqgha;lysbniacna;ttmuhme
another. In the 199@%@11 or

fl ow reactors a?’gﬁg%r)?lécﬁ ar sﬁaf%fé the téef%g? ure@ké es aég{:%er di ng
to the inventi oRY@ei o eéi‘ab’rfi%‘%ﬁa‘ér?eﬁﬂe GeRiled AP Rueferably { £a¥ i#herval
determ ned in pnﬁaraageﬁéhéﬁstéf oraxbenm-abh@aaﬁdngpa&qaébusor@&w&nm t he

o 2l SPhEheaEs! By 1% BEBRAE L ha%REA Ryt Hld Sl
5 sion 01050 tfr8éds £wom urrteactmhtacoeleips ef dmlad yraacté? tsmchbG=rr] C
to an HPA convergign of.SyPshaRt +8hi¥idMixture flow or trickles over |
the fixed-bed catalyst together with the hydrogen .
introduced. Fixed beds are understood to be both beds
of the shaped cat_aiyst (for example extrudates, pellets,
15 beads) and also hydrogenation catalysts fixed to large-
surface shaped 'suppérts, for example ceramic honeycombs.
To ensure good distribution of the hydrogen in the
reaction mixture and uniform distribution of the gas/
liquid mixture over the entire cross-section of the
20 fixed bed, the liquid reaction mixture and the hydrogen
may .Be passed together through static mixers before the
catalyst bed. The reactor is equipped in such a way
that a reaction temperature of 30 to 80°C énd preferably
40 to 70°C is established and can be maintained in a
25 first zone of the catalyst bed which makes up about 50
to 95%, preferably 75 to 90% and' more preferably 80 to
-90% of the volume and a reaction temperature of 100 to
180°C and preferably 110 to 150°C is established and can
be maintained in a second zone with the remaining volume
30 of the catalyst bed. The temperature zones mentioned
may have a substéntially constant temperature or an
increasing temperature profile within the particular
range. There is of course a heéting zZone l.:etwe_en' the
first and second temperature zones. . : .
35 The space velocity in the catalyst bed is ad-
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The enbodi nent in a fixed-bed hydrogenation re- actor equipped with a
fixed-bed catalyst is particularly suitable for the hydrogenation of

3- hydr oxypr opi onal de- hyde on an industrial scale and preferably for the
hydr ogenati on of an HPA-contai ni ng aqueous reaction m xture fromthe :
hydration of acrolein which has been freeé fromunreacted a8Rol4#n9C |n a
reactor such as this, the liquid reaction nmixture flow or trickles over the

fixed-bed cat al'g‘%&%ﬁq& %.gi{cg#"'ié m&getﬂéléragsﬁbéeaﬁeﬂﬂﬁﬁl- qhxedtaedvear e

understood to ) t he 'shaped _cat al yst éfqgaegaggle %égh%gates,
pel | ets, beadsHE2nFARFHiRR obengbtained: FoFsid FPREWPRD FEPHET St Face
Zhapedbsuppor t ?hrfﬁi’f r@(dﬁrp{;ﬁece&axﬁa'lyémnby&donbmr Texarplee §00C. By
i stribution of_the hydrog i n reactio | Xt.ure ni

di stribution ofiH&igisH %S’Lﬁ &a%aﬁ.ty&ﬁ:e% \%En?ﬁertgﬁt F?@Qg&%&&‘ifgg‘cztopgrs] of
the fixed sed, dduordifg d teeadthieon imventrionand thiee megidyed n@RIPONYAssed
together throu | c; i S 0rqe 4 ?et M1 Reth déereaaekar tios
equi pped in su3%"§£§g§ %ﬂgﬁﬁé gg%tﬂdn enperature of 30 tor80 err and

preferably 40 twaluiserkel>ws50at RBR améd Mt 1yaP e ral 99 aPRBJ IPK r st
zone of the cat@ystsdirsk WHrdei®kes up about 50.to 95% preferably 75 to
90% and nore preferably 80 to 90% of the vql une.and. a react] at ure
of 100 to 180[err]C aﬂ'\é"?ﬁ%ﬁf"eﬁ%’r?ﬁ maﬁg%%r‘?}]‘d’? egg?%ﬂblc{?ss%‘g g{l?d can
be nai nt aiged iparctachns sueeedst hihhaheenpriong amt usndofwhhbeh c atexiey st

bed. The tenperature zongs Jenti 1Ry i S Hrant
t enperature or ?F‘I’ﬁﬁ?%‘gs*thgt %ﬁﬁ%‘ﬁj@lé}gﬁ }%Lgt)hl n tlhft}ép%:r]i I cul ar
range. There | parfticulacly switablezfor BhewbtSACLRE ACCOHY

tenperature zonfjyention. NepaPREEuYSLPF suithie eatalystsbetors tirk
suspension-hydrogenation are Raney nickel catalysts and
15 supported catalysts based on Pt or Ru on active carbon,
Al,0,, Sio, or Tibz, The supported catalysts mentioned
above and nickel on oxide- or silicate-containing
supports are particularly'suitable for the fixed-bed
hydrogenatidn. The hydrogenation conditions in regard
20 to HPA concentration, H, pressure and pH value also
correspond to the priof art. _ .
| The 1,3-propahediol produced'in accordance with
the invention with its low residual carbonyl content of .
generally below 100 ppm, expressed as propionaldehydg,
25 is particularly suitable for the production of polypro-
pylené glycol terephthalate fibres with no odour enis~-
sions or discoloration during the polycondensation and
spinning steps. 1In addition to achieving this quality
advantage of the 1,3-propanediol, the process according
30 to the invention is also distinguished by the fact that
it is easy to carry out. Unexpectedly, the measure
according to the invention does not reduce either
selectivity or yield. | ) |
. The process accordingjto the invention is illus-
35 trated by the following Exémpiesf The embodiment with

——-

This Sheet Has Been Replaced

(AP



6° justed in such a way that a substantially quantitative HPA conversion is
obtai ned for a constant tenperature throughout the catalyst bed, for
exanple 60[err] C By dividing up the catalyst bed into the tenmperature
zones according to the invention, the residual carbonyl content in the pure
1, 3- propanedi ol can be reduced to val ues bl ow 500 ppm and raesti4s o ow 100
ppm for the sane space velocity. Hydrogenation catal ysts mhich have

been used with pard. u t pri chywe cri bed
in the introducz?l otth){el(.)at eds %(ég%li?{lsgat?g% arie};p altt]:.lt-'iigﬁ1 \% suita Ie ?%r t he
process accor di$ippered ¢¢1 ston(accargding i Gernman pafient appligas for

the suspensi on $yeh ogengi i Qﬂ apg3Reneri akeINg, ﬁlazbyﬁéﬁozandaﬁam stt eik
catal ysts based on P‘% (gr on actjve caé'bon 1[err]dJerr], SiJerr] or
Tigerr]. The sHpfRTIe 281 th shestepP ot bove and nickel on oxi de- or

silicate-c®ntaining supports are partlcul arly suitable for the fixed-bed

Herr) pressur SRPPEER EARR. afd Ladediedd fffilbled ) g H 4T, 00

1, 3- propanedi ol produced in accordance with the invention with its Iow

residual car bonﬂl’)'(df éﬁQ{uB{; SER &l oﬁ@.‘ QM&QQoHR‘S‘% Y EEprpan
pr opi onal dehyde, articularly sui ab e for the production of polypro-

pyl ene gl ycol t%}e Al bPeafF’éiﬁglwlPﬂdn’ée%%%F enis- sions or
di scol orageon during threpabiieensenpat samuaﬂdnsm&mpﬁ;ﬂz@wb Myedkeli+ i on

L0 acht euin | ThEoflBh: RerRLet % i el aB R e e, SRS
easy to carry oalqueousln@qmiraa'd'l ysolhtlmaamse passedl rihxtangtheannvien i on
(RS et tonTeRbBReE CLER 0N, PIAUL S, we 0m T RSREES AR 10, 10
with of Bayer AG) at a constant reaction temperature of 60°
15 and at a space velocity (LHSV) of 0.54 h'l. The solution
was freed from unreacted acrolein under reduced pressuré
at 6s°cC. | |
A trickle-bed reactor hav:.ng a volume of 1 3
litres was used for the continuous hydrogenation in a
20 trickle bed. The reactor consisted of a liquid reser-
voir, a preheating zone, the fixed-bed reactor and a
liquid separator. Using heat transfer oil circuits, the
reactor temperature Ty was established along the first
approx. 85% of the reactor bed while the reactor temper-
25 ature Ty, was established along the remaining approx. 15%
of the reactor bed. The pres'sﬁre' and flow of hydrogen
were electronically controlled. The agueous HPA solu~
tion was pumped into the stream of hydrogen before the
preheating zone and the mixture was introduced at the
30 head of the reactor (trickle bed operation). After
passing thrbugh the reactor, the product fofmed was
removed from the separation vessel at regular intervals
and the hydrogen was continuously recycled by a compres-
sor. The product was analyzed for uhreacted HPA by HPLC
35 and the 1,3-propanediol formed' was determined by GC.
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7° a fixed-bed catalyst and, in particular, a Pt-TiJerr] supported

catal yst (according to German patent applica- tion P 41 32 663.6) or an
Ni/Al[err]Jerr]/SiJerr] catalyst is regarded as the best enbodi nent.
Exanples 1 and 2 and Conpari son Exanples 1 and 2a to 2c Hydr ogenati on of
an aqueous sol ution of 3-hydroxypropan- al8(HPA) in a trickl22 bkt r@@ct or
The aqueous HPA sol ution was prepared by hydra- tion of acrolein, for which

purpose a 16. 9%Ryepehii 24r8RUNAN DRI 88Ul ¥ Wﬁepw&éﬁ&b@@ an

i on exchanger fi xed, bed err]Lewatit. TP 208, H For
AG at a cgnst aﬁFaFEéEPl éLX’EE efnd Hae o?r‘ﬁ‘é?e}r?@%?ﬂa%gé’agtp‘%% %‘F%m ty

(LSSV) dof 0.54 bﬁbﬁéiégeafheosé(ﬂmbltdbnms d‘ﬂs&ié,d.lfaﬁimdmmmﬂlm? apusnhiemf;mder |
reduced pressurg, at e ed, reactor having a vol une
of 1.3 litres V\gg ug'éﬁL grLtRE%SHF?hBA% éhﬁylafggeﬂg? A in atrickle bed.
The reactob consisted Th Examplied I cwed - Comparisopr Exenpileg 1z ofre, CERE,

fi xed-bed reaCtEﬁeaPQaét!) v?fsozfﬂtl%r vf{%hnﬂ ?ﬁﬂﬁeﬁ‘%ﬁ&fifra@éh&ﬁ&“' ts,

the reactor tenperature T err was esta i shed fITst approx. 85%
of the reactor Ba¥ednPed thekehccatal¥mberin athee f91R r PhnaRxbERdRFES hed

al ong the remai pangmaperon. 619 oint bE1; eacigommbein ERamplesyyr comnthél ow
of hydrogen Ni/Al1,0,/S10, type with an Ni content of approximately
10 30%.
In Example 2 and Comparison Examples 2a to 2c¢c (=
CE 2a to CE 2c), the reactor bed was filled with a
supported catalyst in the form of 1.6 mm diameter, 10 mm
long extrudates based on pyrogenic titanium dioxide
15 containing 2% by weight platinum deposited thereon in
fine~-particle form (according to German patent applica-
tion P 41 32 663.6). "
The reaction conditions prevailing during hydro-
genation and the results are set out in Table 1 where Py,
20 stands for the hydrogen pressure in bar; LHSV is the
space velocity in hours™; Cg,; and Cg,, stand for the
concentration of HPA (% by weight) in the educt and in
the hydrogenated reaction mixture; Cy,; stands for the
concentrations (% by weight) of propanediol in the
25 hydrogenated reaction mixture; Ty and Ry, are the
temperatures (°C) in reactor zones 1 and 2; U is the
conversion in %, S is the selectivity in %; Carb is the
residual carbonyl content in the 1,3-propanediol after
‘fractional distillation in ppm (parts per mllllon),
30 expressed as propionaldehyde.

- This Sheet Has Been Replaced

R



were el ectronically controlled. The ‘aqueous HPA solu- tion was punped into

t he stream of hydrogen before the preheating zone and the m xture was

introduced at the head of the reactor (trickle bed operation).:

passi ng through the reactor,

recycl e® by a conpres- sor.
HPLC andtt he 1, 3- propanedi
8 Watermiwas first disegll
and the grude 1, 3- pr’&p
(boi li ng*point of th8 @ire
1 and Conpari son Exanpl e 1

(di anmeter

Ni /Al [err]err]/Si Ge

reactor bed was filled wt
di ameter, 10 nm | ong exkr
cont ai ni ng 2% by wei g;ht‘i’;pl
(according to German paten
reacti on conditions prevai

The product wa
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stands for the hydrogen pressure in bar; LHSV is the space velocity in
hours[err]; Cerr] and CJerr] stand for the concentration of HPA (% by
wei ght) in the educt and in the hydrogenated reaction mxture; (err]
stands for the concentrations (% by weight) of propanediol in the . :
hydrogenated reaction mxture; T[err] andlR err] are the tenp2rkt4res
([err]C in reactor zones 1 and 2; Uis the conversionin % Sis the

sel ectivity in % Car b?'bﬁ hPesb Sicf?yah aﬁPh?envicﬁoa&eﬂt Efadpife 1 and
1, 3- propanedi ol _after ragtlgna |st|rla lon in g n1(€arts ger,nllllon),
expressed as prEBRRBRARJEAPJWith Example 2 shows that itgis posgibie by
10 ConpghesproebsbxatRordin Wot Rhexdiftehtionto produce 1,3-
propanediol having a residual carbonyl content below 100
5 ppm, expressed as propionaldehyde, without'any loss of

yield.

Example 3 and Comparison Examples 3a and 3b
Hydrogenation of an aqueous solution of 3-hydroxypro-
10 pionaldehyde (HPA) in a suspension hydrogenation reac-
tor. The aqueous HPA solution was prepared in the same

way as in Examples 1 and 2 and CEl1 and CE2.
'500 g of the HPA solution were introduced into a
1000 ml autoclave equipped with an aerating stirrer and
15 hydrogenated under hydrogen pressure at a certain
reaction temperature, at a stirrer speed of 1000 r.p.m.
and in the presence of 7.5 g Raney nickel. The reaction
conditions and the results are set out in Table 2. The
abbreviations in the column headings of Table 2 have the
20 same meanings as in Table 1, except that T, and T, are
the temperatures (°C) during the first and second
hydrogenation phases and t, and t, are the associated
reaction times (minutes). On completion of hydrogena-
tion, Cypp and Cyp were determined and the conversion
25 and selectivity were determined therefrom with Cgypyg.
- Water was distilled off from the hydrogenated reaction
mixture and the remaining crude 1,3-propanediol was

subjected to fractional distillation.
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t2 CLAIMS 1. A p'rméc"""égg_fmc-)—r_ﬂt' he production of 1,3-propanediol having a

residual carbo 500 ppm expressed as propional dehyde, by
catal ytic hydr “&mam E ﬁWroxypropi onal dehyde (HPA) in aqueous
solution in the semcenof sa f1 xed-bed or_suspension hydrogenation \
catal yst under a hydrogen pressure of 5 tx® 300 bar, at a pH2aldd ©€ 2.5 to
6.5 and at a tenperature of 30 to 180[err]C and working up of the reaction
m xture by kno% tillation-based and/or extraction-based neasures, :
characterized | t t he hydrogenation is carried out_at 30 to 8Q[Lerr]C to
an HPA conversilan of B0 RRPCES® HfAYF i the RFOIYFEIPRALat # iUBrPBafgg%‘@ﬁ‘r] Cto

an HPA conver sinaRy igly Substagiaahly é&)ﬂ%n coxﬂ:éﬁtﬁcw.dis Gloai mpgmi,n
Fi xed- bed- hydr GRPRASH0T REBTOPLORALASRERF B FACaLYE s hPRzadpapt by
| xed- bed hydr wWi'th a
Eerfper a: urge pr ot bGPyﬂWb@lflnaElﬂaggﬂel IOHPAQE inmtegueniushepluttieon dact i on
enperature in e first part catal h to 95%
and preferabl y% P&eﬁﬁo? % tf&%%ld %tg?a Fﬁggﬁn\%g?‘nggﬁﬁg ﬁgaf'g%neo rorr?
30 to 80[err] Ccatmly=df emﬁmy a rhYdmoq%mgém%}hrqu@ 76PeBPPCRAKd

reaction tenperg s | 1ad hee r£Mgi £ g, Pagha ohte! Qetéﬁbékaﬁhréedfbelongid n the
range from 100 t err]C and referabl}élnt e ragﬁh’é{:rom

150[err]C. 3. 13%%r%‘%‘%s§°5§18‘5a}1§e6’f FHe Frepatio 'é’f'?zég rkr?otwﬁ‘at t he
hydr ogenatg on i 3Tl snHbdsed UKD @xtraction-based measures,

characterized in that the hydrogenation is carried out
at 30 to 80°C to an HPA conversion of 50 to 95% and is
then continued ait 100 to 180°C to an HPA conversion of
substantially 100%.

15 2. A process as claimed in claim 1, characterlzed in
that the hydrogenation is carried out in the fixed-bed
hydrogenation reacfor, preferably a trickle-bed reactor,
with a temperature profile increasing in stages in the
catalyst bed, the reaction temperature in the first part

20 of the catalyst bed, which makes up 50 to 95% and
preferably 75 to 90% of the total catalyst bed, being in
"the range from 30 to 80°C and preferably in the range
from 40 to 70°C and the reaction temperature in the
remaining part of the catalyst bed being in the range

25 from 100 to 180°C and'preferably in the range from 110
to 150°C. '
3. A process as claimed in claim 1, characterized in
that the hydrogenation is carried out in a suspension
hydrogenation reactor, preferably a stirred reactor, at

30 ‘40 to 60°C to an HPA conversion of 50 to 80% and is
bontinued at 110 to 150°C to an HPA conversion of
substantially 100%. |
4. A process as claimed in any of claims 1 to 3,

characterized in that a hydrogenation catalyst from the

35 series
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Hydr ogenati on reactor, preferably a stirred reactor, at 40 to 60[err]C to
an HPA conversion of 50 to 80% and is continued at 110 to 150 Cto an HPA

conversion of substantially 100% 4. A process as clained in any of
claims 1 to 3, characterized in that a hydrogenation catalyst fromthe
series 13 13 a) Raney2 mi gkebcwhi ch
may al so be doped with other hydr ogenati on-active netals provi di ng

t he hydro- gengt | u ol S

hydr ogenat i on, a})) ﬁét’%g ?cggéak"gﬁygté“ ‘g‘?%o?lepl numoﬂ? en-

i um coat ed active carbﬁdrgqemt:abnoacmge mebhlasprOVJ-dlnq ntlparlnym-ar
Alferr]err], SiQ er&lzngﬁlahqfér]carr gd Bﬁ}:c)solellf“ %5‘9' ?Qﬁéﬁgl RXi de-

or silicate-containip upporte Cata ysts, preférably cat ysts
based on Ni/Al PX@F?@?BPF]'-PBV qerr].
5 b) supported catalysts based on platinum- or ruthen-

ium-coated active carbon or metal oxides, such as
in particular Al,0;,, SiO, or TioO,

or
c) ‘nickel-coated oxide- or silicate-containing
10 supported catalysts, preferably catalysts based

on Ni/al,0,/5i0,.
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