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25 the alcohol. These side reactions result in a reduction in the

product yield and require increased effort during purification of

the hydrogenation product in order to obtain the relevant alcohol

in the desired purity.

30 In order to avoid side reactions of this type, DE-A 26 28 897
recommends adding water to the hydrogenation feed. However, this
measure has a number of disadvantages; for example, the energy
necessary for purification of the resultant alcohols by
distillation increases significantly.

35
Another possibility for reducing the formation of by-products
comprises increasing the hydrogen pressure in the hydrogenation,
which increases the rate of the hydrogenation reaction, while the
reaction rate of the side reactions which are independent of the

40 hydrogen pressure remains the same. Overall, the selectivity with
respect to the desired hydrogenation product thus increases.

However, an increase in the hydrogen pressure is associated with
high equipment complexity, since, for safety reasons, pressurized

45 reactors with thicker walls must be used and further safety
precautions have to be taken.
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target a ca%ol and are formed in the hydrogenation of aldehydes,

is obtained. The recycling of the amine/high boiler mixture
requires that a ballast of high boilers is always circulated
through the hydrogenation and distillation. Since, in order to
avoid increases in concentration, a part of the high-boilers

30 which corresponds to the formation rate of the high boilers must
always be removed from the circuit, amine losses are unavoidable
and represent an additional economic burden for the process.

WO 96/26173 describes a process for the purification of

35 C3-Cip-alcohols by distillation, where the distillation is carried
out in the presence of an alkali metal hydroxide. This
publication makes no mention of the addition of a salt-like base
to a liquid hydrogenation feed.

40 It is an object of the present invention to indicate a process
for the preparation of saturated alcohols from aldehydes by
liquid-phase hydrogenation in which the formation of undesired
by-products is suppressed, in particular at hydrogenation
temperatures of 150°C or above, and which is free from the

45 disadvantages of the known hydrogenation processes.



by- product sose/sappsessed, in particular at hydrogenation tenperatures of
150C or above, and which is free fromthe 45 di sadvantages of the known
hydr ogenati on processes. .0050/51415 W have found that this object is
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type of sabnd|n ki Bhsevabtenty ofgeheranion.not crucial so long as the
salt-liRe base used is honbgeneously soluble in the hydrogenation feed, at
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eact1ons yhifl e s3hdehds iomaC6RE AN Yr BndUbdddil! GLLYoOlslchiar 1ie
bases can successfé é e moge N the Brocess acict;orgb]pclg 0 A8
i nvention. ® $8s S¥RP By & T RIFRL TR TERPHF FH 19 OF nv 2t O aPeves
sal t-1ike, apd gvenh@praraleiales gpef PR 81N Atd therenBydiqaepatéenpri se
at | easfiSonempedediureset al or al kaline earth netal cation, such as lithium
sodi um pot assi um magnesi um or calcium ions, and a basic anion. The
correspondepg @fded oef sahie- 153 Bas@nigdl Was gandkdl Mahnbe efudffaler 1608N 2,
pref er abl yﬁgr Sa1tNifidhabe L8024 BHoAENLERFidf1Ble b1 Uig PKA Val ue

df \ di
acid 1 t PEITRESRARR Eeet . B dgenY cinig BROCHITaR50PAL | A GSRELARE of

acid is_t . ¢
the aci 4% RRIIR ENEURMEILSS sLPBrreatd opRaviEh Ude afdalyAgous aci ds have

been t abul ateerdimglys ea ginddripliioityxefhslad t-L bkeCR@ @S Eanddomlessffulheni stry
and Physi cbe effgloyEdnin ¢ procBss Picessidingr gantheimnveations aut hors, 16th
Edn., VEB Deutscher Verlag der Wssenschaften 1986, p. 138; Sykes P.,
Reakt | OSBRI ALCAndElyed it 2606 sl dgaeg%%%%nt&n?*aoﬁe- 40 Suitable
basi ¢ aggons; ang, ydrox g (1t S Aol 6 04% 3%ne and anions; the
14 14 Y
comprise at least one alkali metal or alkaline earth metal
cation, such as lithium, sodium, potassium, magnesium or calcium
ions, and a basic anion. The corresponding acid of the basic
anion has a pK, value of greater than 2, preferably greater than
30 4, in particular greater than 8. The pK; value used for the
characterization of the acid strength of the corresponding acid
is the negative decimal logarithm of the dissociation constant of
the acid in dilute aqueous solution. The pK, values of numerous
acids have been tabulated and are given, for example, in CRC
35 Handbook of Chemistry and Physics, 76th Edn., 1995, CRC Press:;
Organikum, various authors, 16th Edn., VEB Deutscher Verlag der
Wissenschaften 1986, p. 138B; Sykes P., Reaktionsmechanismen der
Org. Chemie, 8th Edn. 1982, p. 307.

40 Suitable basic anions are hydroxide (14), carbonate (10.33),
hydrogencarbonate (6.35), phosphate (12.35), amide (35), hydride
(39); alkoxides, in particular C;-Cs-alkoxides, such as methoxide
(16), ethoxide, n~ and isopropoxide and butoxide; phenoxide (10),
carboxylates, such as acetate (4.76) or benzoate (4.21);

45 carbanions, such as butyl (50), cyclopentadienyl or phenyl (40).
The values in brackets indicate the pKs value of the respective
corresponding acid. Besides the hydride ion itself, complex
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and/ or pot Agdremidesdaodide carbomaseer rewth Hewdithium gdirbonate koxi des and/ or
pot assi wm pbkaxs e cagbohats, tduainmt baxtatater, 1etinin dgdroxidde sdldkani de of
the al cohohyMhbeind ankihBodds i AgaPSki N RhOduRérOf, Qi ahdgfdsiREesent
in the  hydhaaenald st GhoFaR.ake0ahe SIQYEE WLAY LGNl gl  advant age.
The salt-11ke bases arz ge ra&#l adde to € h'g rogﬁnétlon eed 20 in an
amount  whi BAFRETIES FORAST BAFAFEHFaf Rt 195 e GUFY A% it hBEFRO*A% PFom 0. 1
to 2000 ppREHYXiAE.gier, the erBraatide Pf orh® alcehol 19mrtpim Bhewei ght, in

parti cull®r hiydoogeéhatibo pOSdppPMASy thei gldghydpapresentarinptbéerably from 0.5
to 50 ppm hyd¥eiétitisndfédd qar lailes! Bé dnigldyédt wid) gepmiby1aei ght, based on
t he al dehyggvg,'itggee_sent i n the hydrogenation feed, of potassium hydroxide.
In the case of nobnoval ent basic anions, a nolar anount of salt-like base

whi ch corresponds tq. the stated anpunt. of t assi um hydroxide is used, and
i The’ one TRB( e okf DpSes cian SRt Aolka Foi e FHRART tion. basd] ¢ 1o
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hydr ogenat L,gpe { &e1h:CRRe8OPS S} f2bmOBEs Ao MR Bpm by weight and in
particular from 1 to 20 ppm by weight, based on the aldehyde
25 present in the hydrogenation feed, of potassium hydroxide. In the
case of monovalent basic anions, a molar amount of salt-like base
which corresponds to the stated amount of potassium hydroxide is
used, and in the case of divalent basic anions, half the molar
amount is used. It is also possible to add mixtures of different
30 bases.

Owing to the low salt-like base concentrations employed and the
generally low price of these bases, recovery is not necessary or
advantageous.

35
The liquid hydrogenation feed can consist of one or more
undiluted aldehydes. However, the aldehydes are preferably
employed as a solution in an inert diluent. Examples of suitable
inert diluents are hydrocarbons, ethers, such as diethyl ether,

40 or alcohols. The diluents are particularly preferably alcohols,
in particular the alcohol which is the hydrogenation product of
the aldehyde to be hydrogenated. In a preferred embodiment, a
part amount of the hydrogenation product is recycled for this
purpose and mixed with the aldehyde to be hydrogenated. If used,

45 the inert diluent is preferably used in an amount of from 0.1 to
100 parts by weight, in particular from 1 to 50 parts by weight
and particularly preferably from 5 to 20 parts by weight, based
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The salt-like base can be added in solid or dissolved form; it is
preferably added in the form of its solution in water or an

30 alcohol, in particular the alcohol which is the hydrogenation
product of the aldehyde present in the hydrogenation feed. For
example, from 1 to 40 per cent by weight solutions are suitable.
The base and the hydrogenation feed can be introduced into the
hydrogenation reactor separately from one another, with the

35 mixture of base and hydrogenation feed forming in situ in the
reactor. In particular in the case of the continuous procedure,
however, a preformed mixture of based and hydrogenation feed is
preferably passed into the reactor. If, as in a preferred
embodiment, a part amount of the hydrogenation product is fed

40 back as diluent before the hydrogenation reactor, the metering of
the base is advantageously carried out into the return stream
before the latter is mixed with the aldehyde to be hydrogenated.
In this way, local concentration maxima of the base during
contact with the aldehyde, which can result in undesired

45 aldolization, are avoided. If a reactor cascade is used, the
requisite amount of base can be passed into the first reactor of
the cascade together with the hydrogenation feed; however, it is
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can be used in the various beds of a reactor or in the various
reactors of a reactor cascade.

The hydrogen-containing gas preferably comprises more than 80

30 mol% of hydrogen; in particular, it essentially consists of
hydrogen. The hydrogen-containing gas can be passed over the
hydrogenation catalyst bed in cocurrent or countercurrent to the
hydrogenation feed. It is preferably passed in cocurrent. The
amount of hydrogen-containing gas fed in is advantageously such

35 that from 1.0 to 1.15 times the stoichiometrically necessary
amount of hydrogen is available.

The hydrogenation of the alcohols can be carried out under
conditions which are conventional per se. In general, elevated

40 temperatures, for example from 100 to 300°C, preferably from 120
to 250°C and in particular from 130 to 200°C, and pressures of
from 1 to 700 bar, preferably from 5 to 300 bar and particularly
preferably from 30 to 50 bar, are set. The catalysts are
generally loaded with from 0.01 to 2, preferably with from 0.1 to

45 1 and in particular with from 0.2 to 0.5 1 of aldehyde/l of
catalyst per hour. The addition of water to the hydrogenation
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EH%??FW Br anc hed

parti cul ar PE3® CfS a %i"eﬁ des b\/\hre{aae%'%ﬁé h%’f
and may ad8FRYHIRHANRLeoRPRE ldoEi‘BF’én"i giscasain ‘i?ﬁ?“rﬁ%l aed| &he The al dehydes
whi ch cd® bedeednmyddtiee prastucsgbpéctrimerigyandstetiramesns pregvlenei pl e.
Sui t abl e abdéhyidesxricwhndhtmirerdk paténeul ar econom c i nportance are, for

exanpl e, propanal, n-butanal, isobutyral dehyde, hexanal, ethyl hexanal,
ethylhexen? @lace +0d€68NAlverd86RNALs A BEr 15¢ . :
hydr of or nny é’ tetraneric propylene and dineric

tlon roducts o) rrmeric an
and tri marfig g’ The process according to the invention has a nunber of
advant ag@s: 20 The acetal and ether formation side reactions which occur
during hy@hegrialoandfetherefpgmation tsidel reartiqnmsbigheogguraduying
suppr essedhydhegexcdiibnoof cdldediydest on ttte Nydnodepietseoartegreatiiych was
customary BihppesddedianthdeadEiHiondodrwvarErt itedtEO NP dRicReYiat Ik Sfeed which
was customary hitherto can be reduced or omitted completely. This
25 enables the energy consumption in the subsequent distillation of
the hydrogenation product to be significantly reduced, since the
water is generally distilled off at the top of the column. The
hydrogenation temperature can be increased without the fear of an
increase in side reactions. This enables the space-time yield to
30 be increased; for example, an increase in the hydrogenation
temperature from 140 to 150°C in the hydrogenation of butanal
allows the catalyst loading with butanal to be increased by 25%
for the same butanol yield. An increase in ether formation on
increasing the hydrogenation temperature, which is to be expected
35 without addition of base, is not observed. The increase in the
hydrogenation temperature liberates the heat of hydrogenation at
a higher temperature level and can be utilized for generating
steam at 4 bar, for example in the integrated heat system of the
hydrogenation plant. This results in a considerable saving of
40 energy.

The invention is illustrated in greater detail by the examples
below.

45



25 enabl es.obbe/senangy consunption in the subsequent distillation of the
hydr ogenati on product to be significantly reduced, since the water is
generally distilled off at the top of the colum. The hydrogenation
tenperature can be increased w thout #he fear of an increase in side
reactions. _This. enabl es the space-tine yield to 30 be increased; for
exanpl e, af*FiRtEhse in the hydr ogenation tenperature from 140 to 150C in
t he hydrogenation of butanal allows the catalyst |loading with butanal to
be i ncr eas&he byldmntdesoverdchysinpgehatedoin v skdcton dascadaseonsisdtihgr
formati on o8 anndiedaithigalhe dpedatgénsdrsan reapper diarieg whespadixzyt ofbe
expect ed 532450 thQiHd addbéb HackasCopdrattel i8BeREMAA1yTHE 1I0eRafihy the
hydr ogenat ho?aé%rm?rgtfu&gsli.berat es the heat of hydrogenation at a higher
tenperature l[eve nd can be utilized for generating steamat 4 bar, for

exanple in the integrated heat systemof the hydrogenation plant. This
resul ts i nThe chydnagenabien strach §oBpPr yoinchar-fptannk (abraanedrPYs illustrated
i n great er hjétefdrnylathen extapriopene hedraiv.cr48e0bod il ¥as8féd anplthe The

al dehyda® veaetdnsdringensh el wdy &ha€acherliRRasaaleudN Spste NgeldditiNvas

adi abati cahby pnerahgd bbrmd ﬁ(e‘f—aﬁwf. R3¢ BOude GRRAGGEYwPEn %ﬁ%%otg;e and a
second reagh oL, 9PGLA! b OLSHIRLL ¥ AlerhiQ6n NV DG, A EEPRGLIY, §L225 1.
The hydrogeng I On ge corgrl Sl ng\ AehidENal CO T2l ned b ﬁéecfr f Fﬁ{}l ation
of propenef? “E'{ EOBUEAM AOTHRE PECERS HiRETt IATRPSPaLEPR I SLAGHOLURK a way

that the | MgaRsl Hodr FHrSplrtelafe PBEPt T FecABE Feagtorhgareved ms per hour.
The crudé bastrdactiorhinheoxdern fellput@rgldragsnateethe butherohydraegedat i on
L egd had pbﬁ!lj'Oirﬁid}hpbegélytﬁk&JheOFirétf m‘éabﬁerboi‘ﬁé)mo@tbohgenﬁﬂ e Ehe

ydr ogenat hpdrdSifae 36 dRA %28 aée &l itidbdbl 0fla P Wi omd BSgSERRN tor
served as 1§spgs§firﬁg§%gioi n orger full y1 to h%’/d?a(":)gena{mél tﬁge but anSng?%act ed
only i nconp ete]ry imthé first reactor. The conposition of the

hydr ogenati on product was determ ned by gas chromat ography before its
di sti || #0i Brample Bxdppreadcquddngate okt A@vestior) i nvention) 2900 kg of a
nodi fi ed Adkins catalyst (Lit.: J. Am Chem Soc. 51, 2430 (1929); J. Am
Chem Soc. 25d0 K563 alRS2)JiedAdlns i dhtalfetupLeeliced shatEhent.0BBEL S€d 35%
by wei ght 8i, copfer(1928) fat Culdt efleS 6. 31% by7¢/qi198b ) pf VAT YD
CalCU|atedtﬁ§ &Hreduced state, comprised 35% by weight of copper,
25 calculated as Cu, 31% by weight of chromium, calculated as Cr,
2.0% by weight of barium, calculated as Ba, and 2.5% by weight of
manganese, calculated as Mn, were subjected in the apparatus
described above to a hydrogenation feed as indicated above which
was composed of 325 parts by weight of n-butanal and 5000 parts
30 by weight of circulated crude butanol. Before use, the Adkins
catalyst had been reduced at 300°C in a stream of hydrogen until
water was no longer formed. The hydrogen pressure in the reactor
was 40 bar, the temperature on entry into the catalyst bed was
103°C, and the temperature at the outlet of the first reactor was
35 132°C. The reactor was operated for 180 days in this manner. The
crude butanol obtained had the following composition (anhydrous):

n-butanol 98.85% by weight
di-n-butyl ether 0.11% by weight
40 butyl butyrate 0.12% by weight

butyraldehyde di-n-butyl acetal 0.89% by weight

The carbonyl number in accordance with DIN 53 173 as a measure of

the residual aldehyde content was determined as being 0.1 g/g of
45 crude butanol. The carbonyl number is the amount of potassium

hydroxide in mg which is equivalent to the amount of hydrogen



2. 0% by wepgbb/sfigahsri um cal cul ated as Ba, and 2.5% by wei ght of
manganese, cal cul ated as Mh, were subjected in the apparatus described
above to a hydrogenation feed as indi cat ed above which was conposed of 325
parts by wei ght of n-butanal and 5000 parts 30 by vver ght of circul ated
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whi ch i 30egyiivedeansitiba Eded Aniéentempetntiregan ORSWLrlkdybt daedidedevas

|i berated fpom hydhoxyb afayardRLED! & 'tqt% B0t Pt TRl 9379¢, ﬂ)eghgéralyéﬁt ance.

Exanpl e 2 di
ampl e 2 Laceg U Sohile o B0 SEelERE R S So0o

hydr ogenat eed conpris

parts by wEPHH sijriop, (jaRn Y‘iﬁﬁ%iﬁ was hydrogenated, with 3 ppm by wei ght of
pot assi um hydroxi de, based on the n- but anal supplied, being added to the
10 hydr d§ebatamall f eed. The tenperature at thes dat skeyghtbed inlet was 102C
and the teappigddgle at the outlet was 139€,6dhayydiggen pressure was 40
bar. The rgagltlmygr edhet had the fol | ow 590199 Qgh&h@” (anhydrous): 15
butanal 0%h ]\_/%E‘t{ At 0- but anol 99 68% by \Mﬂg | butyl ether 0.01% by
wei ght V\EE{ %rya 650, 24% b ht buf raI d’ehyég 1Eil -n-butyl acetal

0. 07% by hyflg it *e‘?, al- Y HYs¥PéIB¥ the residual

al dehyd@9 content of the crude but anol, was 0.1 ng/g of crude butanol. The
car bonyl n@h®eraxboshydohumioeseseaeneadurer ofintbearextiidaglt ahiehyfde60
content of the crude butanol, was 0.1 mg/g of crude butanol. The
carbonyl number did not worsen even after an operating time of 60
days.
25
Example 3 (according to the invention)

In the apparatus described above, a catalyst in accordance with

DE-A 26 28 987, which, in the unreduced state, comprised 24% by
30 weight of nickel, calculated as NiO, 8% by weight of copper,

calculated as CuO, 2.0% by weight of manganese, calculated as

MnO, from 66% by weight of SiO; as support material, was

introduced into the reactor in reduced form. For the reduction,

the catalyst had been treated at 200°C in a stream of hydrogen
35 until water no longer formed.

500 parts by weight of n-butanal, 15 parts by weight of water and
5000 parts by weight of circulated crude butanol were introduced
at the top of the reactor, and such an amount of a solution of
40 potassium hydroxide in n-butanol was metered into this mixture
that the feed comprised 7 ppm by weight of potassium hydroxide,
based on the supplied butanal. The pressure in the reactor was
38 bar, the temperature at the catalyst bed inlet was 126°C, and
the temperature at the outlet from the first reactor has risen to
45 150°C.



days. 25 Epespl/sidibaccording to the invention) In the apparatus descri bed
above, a catalyst in accordance with DE-A 26 28 987, which, in the
unreduced state, conprised 24% by 30 i ght of nickel, calculated as N O
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hydr oxi de ja_f- ngkh¥ps nmetered into tg L §a441 q,regg nihat the feed

conpri sed t of potassium hy d on the supplied
but anal . T§3€£P$‘gt !tgn the reactor was @}% y VER gﬁgerrperature at the

cat al yst bBHtY‘Fﬂ]é’celWQ@ dbgrbutyd aceeal enBe?dt e Vi 9hke outlet from the
first reactor has risen to 45 150C. 0050/51415 10 The hydrogenati on
product loagxameld @l |(avt ngcaniagi toothe (imveydions) after an operating tine
of 142 days: butanal 0. 01% 5n but anol 99. 41% di n but yl et her 0. 04% butyI

butyrateO 0 I % ight by
wei ght 9\%\%/%9?;%% QQDX SH§E£¥+g 31%?; ?%B le | nventl on)
960 kg of 8 8 rr?) Sﬁ ™81 636 3P |g?|f

wei ght of 8o +ﬂ?ﬁt@r¥ 2fsdphdit weresirsiallgd ipethn WFHQ“S a@%ﬁ%’#ﬁ?ér of 3-6
mm wer e 18nsbave e Thencahal ygip ast Qsedeetbmelded 15 above. The catal yst was
pre-reduced. A hydrogenation feed conprising 425 parts by wei ght of

n-butanal aanRgl2QfddaRabh Sedh Wgbis Dig U2iC L@{@%,ﬁ%@@n@%@r}mbu\eaﬁal
I ntroduced,gh 44 $3Re8 b WeibRk Bﬁa&h%fulaIES OHLIRRREESS e TN
introduced at the top of the 1St reactor. The hydrogen pressure in
20 the reactor was 36 bar, the temperature at the catalyst bed inlet
was 81°C, and the temperature at the outlet from the first reactor
was 115°C. The crude butanol obtained had the following
composition (anhydrous):

25 n-butanol 99.44% by weight
di-n-butyl ether 0.01% by weight
butyl butyrate 0.01% by weight

butyraldehyde di-n-butyl acetal 0.44% by weight

30 The carbonyl number in accordance with DIN 53 173 as a measure of
the residual aldehyde content was determined as being 0.15 mg/g
of crude butanol.

Example 5 (according to the invention)

35
As described in Example 4, a hydrogenation feed comprising 425
parts by weight of n-butanal and 5000 parts by weight of crude
butanol was hydrogenated, with 32 ppm by weight of potassium
hydroxide, based on the supplied n-butanal, being added to the

40 hydrogenation feed. The temperature at the catalyst bed inlet was
81°C, and the temperature at the outlet was 111°C. The crude
butanol obtained had the following composition (anhydrous):

45



20 the reagosb/5aa186 bar, the tenperature at the catal yst bed inlet was
81C, and the tenperature at the outlet fromthe first reactor was 115C
The crude butanol obtained had the foll owi ng conposition (anhydrous): 25
n- but anol 99.44% by wei ght di-n-butytlether 0.01% by wei ght butyl
butyrate 0.0 %b wei ght butyral dehyde %Ig-BN?é@yl ac taI 0. 44% by wei ght
30 The car BoRAYF2 er in accordance with”D a neasure of the
resi dual aPdeRyRIEEYXo®tBRE was det ernined &s beidy "G.lEBtng/g of crude

but anol . BEkahpl eoByrateordi ng to the i nvefitPéh)bBwedghtiescri bed i n Exanpl e
4, a hydr opabatadeHydieddiomqbhitsilngcdl parn bss lyy weiight of n-butanal and
5000 partgs by weight of crude butanol was hydrogenated, with 32 ppm by

wei ght of 1h d a t pplie - bei ng
naded to t RA Rt Nkl ef IR %Sgﬁgtﬁ%% et BR8P T e
inlet was C8RESM %hd’alshe t 8 e 5‘1’ RE88P et was 111C. The crude
but anol obtai ned had the foI | om ng conposition (anhydrous): 45 0050/51415
11 n- but an8k88p B4 %adi(notbatgdrdiingetd €hduinyienbidyy at e0. 04% but yr al dehyde
di - n- butypl acetal 0.02% 5 by weight by weight by wei ght by wei ght The
carbonyl nuEbgiec:ihed FRAEMMIY 4f h@aé%&j Yialy phde Bt £fyse. vas <0. 01
ng/ g of crude u&_'Elano2 l%égg)wel ?‘t npt_ aceorgngg e ‘lﬂgveh oQr_n 10 As
descri bed R %?a qe ﬁ Kg o preprpeéuce eﬁ gt t%{}brl sing 24.1%
by wei ght &Pd t‘:‘b‘brﬁ!’r aaﬁBpW?‘?%gﬁoﬁl\%éF@h‘ie]t)lbeagﬁd]i‘%%rt?n adéyPRiTt °df silica
gel beads Rafimy wergi apstaklet. 3-6 nmwere installed. 15 The catal yst was
subj ectd®, as indicated above, to a

The catalyst was subjected, as indicated above, to a

hydrogenation feed comprising 650 parts by weight of n-butanal

and 5000 parts by weight of circulated crude butanol.

20 The hydrogen pressure in the reactor was 36 bar, the maximum
temperature in the first catalyst bed was 126°C, and the maximum
temperature in the second reactor was 120°C. The reactor was
operated in this way for 120 days. The crude butanol obtained had
the following composition (anhydrous):

25
n-butanol 99.12% by weight
di-n-butyl ether 0.01% by weight
butyl butyrate 0.02% by weight
butyraldehyde di-n-butyl acetal 0.78% by weight
30

The carbonyl in accordance with DIN 53 173, as a measure of the
residual aldehyde content, was determined as being 0.1 g/g of
crude butanol.

35 Example 6b (according to the invention)

The hydrogenation apparatus was operated further under identical
conditions as in Experiment 6a. 10 ppm by weight of potassium
hydroxide, based on the supplied butanal, were added to the

40 hydrogenation feed. Just 48 hours later, the product had the
following composition:

n-butanol 99.82% by weight
di-n-butyl ether 0 % by weight
45 butyl butyrate 0.05% by weight

butyraldehyde di-n-butyl acetal 0.04% by weight



hydr ogenat iposof/&ad1sonpri si ng 650 parts by wei ght of n-butanal and 5000
parts by weight of circulated crude butanol. 20 The hydrogen pressure in
the reactor was 36 bar, the naxi num terrperature in the first catal yst bed
was 126C, and the maxi num terrperaturé in the second reactor was 120C. The

react or vva o erate his way for de obt ai ned
had the 18 %nﬂadbﬁbna 5 ISBPBER)OF She Tenidiat Sa8hBEs by vt gt
di - n- but yl C@Pﬁ%?to WREY b92v6é9§iiht°f 56?9? BtRafedte 0.02% by wei ght

but yr al dehyde di-n-butyl acetal 0.78% by weight 30 The carbonyl in

accor dance ThisheXdny 123 shé@s €itath tileasdveéntaigeoie effsdiiialf 8hdefputessont ent,
;Ngst ﬂgt ?F}S\r/“a%gr&:?n#%l&%hg inediit i®h afé g&'fsd)‘&‘bﬁ&@{re% 3 '@ﬁ@gl?%@e & (acﬁore(rjl ng
i denti cal %(g%%éﬁl ons la}é %‘%Jlé}a‘te“ 29%{? %E@etn%%dmﬁgne bEBﬁ:{vvg.'thghfe H%é pot agsgum

hydr oxi de, “BR38t¥ bn t he supplled butanal , were added to the 40

hydr ogenation feed. Just 48 hours later, the product had the follow ng
conposi ti oBxa®Pl8286 n- but anol di-n-butyl ether0 % 45 butyl butyrate0.05%
butyral dehyde di-n-butyl acetal 0.04% by weight by weight by weight by
wei ght  005@/ ﬁgéﬂégér&tmﬁ egem;g\e' 1HUQ@<%rdaqr%e wIERH 9k é@eeéﬁzﬁ%ﬁ&

al dehyde crude but an I's exanpl e t hat
t he advant ageog%he et co%?o?n%él%ﬁr 88esy® 43 according to the invention are

al so achieved in the case of catalysts which are already in extended use
and the ef R4&tby arqight phppinkel Ecahpulated ag Wiydrogenati on catal yst in
accor darnse 8&i b BE-ght26£f 28098k ,hawilnglated as CuO

2.2% by weight of manganese, calculated as Mn3;O,

0.6% by weight of sodium, calculated as Nay0

remainder SiO,

20 The hydrogenation was carried out in the'apparatus described
above under the conditions indicated there. The two reactors were
filled with a total of 1600 1 of the catalyst pre-reduced at 300°C
in a stream of hydrogen.

25 The hydrogenation feed, which comprised from 360 to 475 kg of
butanal mixture and 4200 kg of crude butanol, was fed to the two
reactors in such a way that the liquid loading per m? of reactor
cross section area was from 30 to 40 m3. The crude butanol had
previously been taken from the hydrogenation product of the first

30 reactor for the purposes of recycling. The temperature above the
bed in the first, adiabatically operated reactor was about 30°C.

The composition of the hydrogenation products were determined by
gas chromatography before distillation.
35
Four experiments were carried out. In Experiments A and B, no
base was added (not according to the invention). In Experiments C
and D according to the invention, in each case 10 ppm by weight
of potassium hydroxide, based on the aldehyde feed, were metered
40 in. The results are shown in the table below.
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It follows from these results that the hydrogenation temperature
and accordingly the space-time yield can be increased with the
aid of the addition of base according to the invention without
the increase in the hydrogenation temperature resulting in an
increase in ether formation.
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‘30 35 40 49096p91 21915 15 W claim 1. A process for the preparation of
saturated C3-C20-al cohols 5 in which a liquid hydrogenation feed conprising
at | east one  (C3-C20-al dehyde is passed over a bed of a hydrogenation
catalyst in the presence of a hydroggng containing gas, which conprises
adding to the hydrogenation feed an anmount, honpgeneously sol uble therein,
of a salt-like base 10 [Mt]n [An-], in mhlch [MH] is an al kali netal ion or
t he eqU|v@?éﬁ¥nﬁ$ an alkali earth netal ion; [An-] is an anion of an acid
havi ng a pK5 value of greater than 2, and nis the valency of the anion.
15 2. A process grocelsai perl e plrapardtisheifesattheteanldz-tjalbasels used is
an al kal 5 netajp h&ﬁ@axadflm ®ydeBgéhdedldn wetal corgﬁrl@qa tge Rash BhECESS

as clainmed in I ) mal1 rh}'%t aeééédapv@f‘)%rﬁedo ?}?&l g(?lnélé?o#?ase whi ch

correspond o) tral i on ‘e a 00 mb
wei ght | based %%ta%tYﬁ & apgthy st ﬁé%n?fe ARORS AT PRI A B 2 haph

pot assi um hydeIsRrdSersading too th @Yﬂkﬂ%@éﬁ&?i‘oﬁﬁ%é& apount:, A process as
cl ai ned i n onehaiogeineops by exhlndplel themsinphefeansalthd ilkpdbagenat i on f eed
conprisee an ipent gdadyenin which pMOTeRsS ams atkal hagktdan ¢bAi 68 4hewherein the
inert diluent o4sRAlent! 68 &l faqlwahlv@am &n%tahelmdr@gepaltg QR Rh P& Of

the 30 al dehydgn [ ??ﬁgvi‘ﬁl%t%ﬁ’ ygrRaengt | I%Qa'tcf%e%f@ aFde%yd%eS% ag cl ai med

in one of the prece erein e i'S SeTect ed

from propanal , V3-9R¥aRal & |a§H'15’E}t'yr al dehyde, hexanal, et hyl hexanal ,

et hyl hexenal , 35 nonenal, nonanal, decanal, decenal and the

hydr of onfy2 at imrprqmeeelues sc lintedi lirard:baipr dpyWhaBeirt atheapelt€likeopukene,

dineric butengsdd ilsf bfitdikaliuimengel ¥fhirbxide and/or an alkali metal
carbonate.

3. A process as claimed in claim 1 or 2, wherein an amount of
20 salt-like base which corresponds, on neutralization
equivalent basis, to from 0.1 to 2000 ppm by weight, based on
the aldehyde present in the hydrogenation feed, of potassium
hydroxide is added to the hydrogenation feed.

25 4. A process as claimed in one of the preceding claims, wherein
the hydrogenation feed comprises an inert diluent.

5. A process as claimed in claim 4, wherein the inert diluent
used is the alcohol which is the hydrogenation product of the
30 aldehyde present in the hydrogenation feed.

6. A process as claimed in one of the preceding claims, wherein
the C3-Cyp-aldehyde is selected from propanal, n-butanal,
isobutyraldehyde, hexanal, ethylhexanal, ethylhexenal,

35 nonenal, nonanal, decanal, decenal and the hydroformylation
products of trimeric propylene, tetrameric propylene, dimeric
butene or trimeric butene.
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