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occur in addition to the desired hydrogenation of the aldehyde to

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 hydrogenationm,
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, pressurizedvu

45 reactors with thicker walls must be used and further safety
precautions have to be taken.



precautions have to be taken. 25 AUG 2004 2 German patent 16 43 856
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hydrog@ﬁaf??ﬁ?t alcohol 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-Cyg-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.



tenperatures of 150C or above, and which is free fromthe 45 di sadva%;a e%
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25 salt-like, i.e. they are built up from cations and anions; they
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. 138; 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;-Cy-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 pKg value of the respective
corresponding acid. Besides the hydride ion itself, complex
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However, e al &e ;des are pre erag y . .
particular’ preferably from 0.5 to 50 ppm 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 dissclved 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 cut 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 intoc the first reactor of
the cascade together with the hydrogenation feed; however, it is
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n

vari ou®3 pkanged, 1p Qne 9r gere ﬁ%eigr;ﬁ ghgezcséosr. %?'.I}ferent catalysts

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



reactors of a reactor cascade. The hydrogen-containing gas preferably
conprises nore than 80 30 nold of hydrogen; in particular, it esseﬂﬂihﬂﬂymh
consi sts of hydrogen. The hydrogen-containing gas can be passed over the
hydr ogenati on catal yst bed in cocurrent or countercurrent to the

hydrogenaiebgy {£ lib1bSiRI e ks RASEESdiRgC Nt of
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1.15 tinest ﬁetrlcally necessary anount of hydrogen is
avai | abl e. The hydrogenation of the al cohols can be carried out under
condi ti on¥hemiarhele esavesnemrdly perked. ug pygdhnet il latslcay dyetedibds

t enper abukesyn fpEr eeanpl e from 100 to 300C, preferably from 120 to 250C
and in particular from 130 to 200C, and pressures of from1l to 700 bar,

pr ef er abl 3 r ri om 30 to 50
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hydr ogéfabémds 2ir5 thAlio Pl el. Mhedaldelpaisi bhéch ncdheeeapesgedr@r di ng to
the invenhéonsuidct £8 RIS SRE¥ns Tme pffllﬁebﬁié A +9BHe" 2 &éhfe@&ked up
by di sti 'J,ﬁ{damégvo@fegyp grkegw@orel borllfcd AV 682 o
hydr ogenat e a&aﬁpre ©0-2 ar T
C15- al deh§tfE2 'opeﬁﬁQﬂﬂrhéﬁ Xﬁﬁe¥ﬂﬂﬁ
addi t i ona® iy herearh. d’éﬁ’}lﬁ@lionﬁaﬁﬂéld rﬂetqaeahmwﬁ@l #nd thelehydes which
can belbnpydrnefidbraydatiot uddjuets 06 arimerdst andttetraneripr poepyllede Suit abl e

al dehydesandhiiclerateafd fimlerdel Bat&sonon c i nportance are, for exanple,
propanal , n-butanal, isobutyraldehyde hexanal , et hyl hexanal

et hyl hex nen nanal ecanal , .decenal _and.the

hydroforeﬂFg o%%pgo%%d?s oF ?Plﬁg?l%?vﬁﬂ§198tp%ﬁmﬁ|Q?WEF6p9%ene and di meric
and trine %?QiﬁQSﬁe The process according to the invention has a nunber of
advant 88es: 20 The acetal and ether formation side reactions which occur
during Hohr egenali and cftteirdEbynaesiom gike keaeit tbryzhashdcar ecgiealuring

suppr esse:dydrﬂg@naddbm@m Aldetgties 1@ dHee 1Adi@gaNAd aRef gdatty ch  was

cust omar yg (i Aekta . Cale hiud; %%ﬁegf Qhatd t th&ﬁWr%%%hXFlgﬁnfee%Swﬁg@‘l?l es

the ener Da CO”%%”BE\:':? rhltr}lert% cszgn uree cel:lsctazl' omltte 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.

- to

The invention is illustrated in greater detail by the examples
below.
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t he hydrogenation product to be significantly reduced, since the wztse){ ii
generally distilled off at the top of the colum. The hydrogenatio UG 7004
tenperature can be increased without ghe fear of an increase in side h
reactions. This enables the space-tine yield to 30 be increased; for

exanpl e, gRamnpré£ase in the hydrogenation tenperature from 140 to 150C in
t he hydrogenation of butanal allows the catalyst |oading wth butanal to
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t enper at upechsueltyand 088 pe utilized for generating steamat 4 bar, for
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al dehydeshy@refarmriggénnt efl nuerenedatkdreuiec Hybanohgiast fad tofthen two
adi abatl0catagtayzeriat sdchi 4 stay ehetothdaliqugdaheaphygidpacel ve1d4bEy wagnd a
?ﬁcoﬂddreﬁ qeé@%}llﬁhgﬂollﬁﬂtﬂéﬂ ABLtY Ble J&P@?hs‘y&;nﬂn weap@méwft% 2|25t 1.
e hydro on,.f.e I+S$.Ng B ana i : Qr ation
of propenggi.jgr%ﬁld1 f%’ragdg‘ B&?%ﬁﬁﬁ%}rfg@é‘% 0. the ﬁ\%%il%qugéy (Jigés{gﬁi bseltjzcrl]iyh a way
that the FRSTH PHodFPY g%? SFOMoRT t YPoat T shohYHERIenatinn, B agtfe P¥hour .
The crude™BRRHfH aWCLRCHH P REMPhThe Hecnad APa@kPn werNedhd®r ogenati on
feed hd8 pretvtrrasitprbérnordexkdmldff té riyrndgenboettm dutiehelfrestted
hydr ogenababy ireeapaetbyy irtahe 6irst afdaitoal.i ORe RibHposIBeos esORthel €act or

served ashidrdfeilati8aChAbdldt VadChefdihdhddO bhYJ4938RMRLD ?aﬁlw Hadbreeact ed
only incogpl ef&li%1hQ:k first reactor. The conposition of the
hydr ogenat 1 on pro&uct was determnm ned by gas chronatography before its

distillation. 20 Exanple 1 (not according to the invention) 2900 kg of a
nodi f i €8 BETRe datBPYstcqayding 3o whg igyemticoet. |, 2430 (1929); J. Am
Chem Soc., 4678 (1932)), which, in the unreduced state, conprised 35% by
wei ght of 2eoppey of22 Aedified adkifs GatallFebyrel ghit. ah.conan wac.
cal cul at egh 29430, (182076 kY. Wei.9BheR! KT U@, §8Y€U 131399 ) aswBaen,and 2. 5% by
wei ght Ofthe unreduced 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 butancl. 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 cutlet 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 butancl. The carbonyl number is the amount of potassium

hydroxide in mg which is equivalent to the amount of hydrogen



manganese, calculated as M1, were subjected in the apparatus described
above to a hydrogenation feed as indicated above which was corrposea SoAULIAH
parts by weight of n-butanal and 500Q parts 30 by weight of circul ated B
crude butanol. Before use, the Adkins catalyst had been reduced at 300C in
a stream ehwmi@g%eya&éa £M6H By d%§¥ﬂ%&ﬁ%r ch96 PR ohhexP¥EE QUL ¢
pressure %&%@EE was 40 bar he tenperature on entry Into the
cat al yst %ea and the tenperature at the outlet of the first
reactor was 35 132C The reactor was operated for 180 days in this manner.
The crudBxamRihd teﬁt:amwgrrautthﬁemwmmm conposi tion (anhydrous):

n- but anél 98. 85% by wei ght di-n-butyl ether 0.11% by wei ght 40 butyl

?tﬁtyratg fis j@&ééﬁﬂéﬁl ght ExdMp e al, dﬁhb{ﬁrcﬁg\d'r%‘tQHBYfe@&%ers °04®o \tNﬁl ght
e carbo S e
resi dual %{de e%%éﬁﬂta§E e%tﬁg?ﬂ; 0 éaﬂg’ %?l‘?e %%% ’E%A%locrude
but anol . ﬁﬁ?r%ee‘}a‘i rt H&t n:f)lRﬂm(W }5‘5 ﬁ?ﬁi"l’"d%‘? de in ny
which is EWW%t goed Hen fhsumtbatarad soygeaiedp mwgddeé thithe de
| i ber att@dhydrgenaydpoxféadmiieurenhénztwte at oké nedtalysef bed inlaft was
iUbSt ﬁngeloﬁmmahe 2né agsipedaRtrk Oat Nohd BUENEL Ofds 513"%9?0'91515‘4' Qlob@rllExagpl e
ayrg%&q;o e I Vi Wel anal an
5000 part oe Qﬁg g? gﬂ%gh%bgtggﬁg% \Ng’% aﬁ?o%%%a‘%%dfghﬁﬁﬁ ppm by
wei ght of © c’ass’S|l Hl( %I‘F%’Sﬂ W based on the n-butanal supplied, being
added to the 10 hydrogenation feed. The tenperature at the catal yst bed
i nl et WAsbud®®d@ and the tenperature at theddusy eteighs 137C. The hydrogen
pressure mesatdholar. The reaction produeb.bes Bhaefightowi ng conposition
(anhydr ouei-n-‘b‘imwt aaaérO% by weight n- buw@OA 92i68% by wei ght
- n- buty Oo by wei ght butyl Rug u%&§$ by wei ght

% th |
2“?%;?{1?2 e Wgepxs?a%n Frad aget O%J(J/n'? énﬂgoxf ¥816Phde bucancl , was 0.1

ng/ g of%crude butanol. The carbonyl nunmber did not worsen even after an
oper ati ngrherqgnbpngg nmmggx, as a measure of the residual aldehyde
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 NiQ, 8% by weight of copper,

calculated as Cu0, 2.0% by weight of manganese, calculated as

MnO, from 66% by weight of Si0; 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-butanocl 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. -



25 Exanple 3 (according to the invention) in the apparatus descri be&eﬁgﬁﬁ/fﬂ
a catalyst in accordance with DE-A 26 28 987, which, in the unredu b
state, conprised 24% by 30 wei ght of,gickel, calcul ated as Ni O 8% hy

wei ght of copper, calculated as CuQ 2.0% by wei ght of manganese,

I cul en f in hal,
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cat al yst een trea ‘ogen 35 until water
no |l onger forned. 500 parts by weight of n-butanal, 15 parts by wei ght of
wat er andbusgBl parts by wei ght of circulPapéd ky wees.gbst anol were i nt roduced
at the bop-mitdred reactor, and such an 3gownt ®©f weigdkution of 40 potassium
hydr oxi deqi Ih Jis3yh128eher Was netered intogt hig tﬁ?@e‘i@ﬂt that the feed

conpri sedq%%ﬁ yeight of potassium hxdég%(lbe §§ed on the supplied

but anal <j@?ure iin the reactor was 2 tenperature at the
cat al yst lB‘éW YARsdaTEButyfgace el ¢ efipes htkH é"eécﬂ hthe outlet fromthe
first reactor has risen to 45 150C. 2 5 AUG 2904 10 The hydrogenati on

pr oduclohexknrgle #olihowi axraraiipgstdi tite iaehydenus) after an operating tine
of 142 days: butanal 0.01% 5 n-but anol 99. 41% di - n- but yl et her 0. 04% but yl

but yr at e0 @o?%e&)utfvsaégmeﬁ% UnBrbilad 308 aLg 324%,%\@_%%5%%“6' ght by

ht At . b t
gglogkg ol 2 xdo e i 9 °§’i’~h‘5‘ T8 B RURPORE! S S aa Bl AL W TR

wei ght ofasdiﬁmsﬁﬁan% e Wese sms%lalegennb@wsanmangs %es;nram;ier of 3-6
nm wer &5 aixive .| @dei catakystppasapue-xsbeweidbhed 15 above. The catal yst was
pre-reduced. A hydrogenation feed conprising 425 parts by wei ght of

n-but analy BAfog QQQtp&Eteewc ?Qﬂlrﬂf 4Gis" Efskeéeﬁ. Gleidfe DY aNY, ¢ WaS1
i ntroducegd At 8t°|aePL9€71 ¥ b g.g thlﬁte %r %%%n ie sstjre iIn 20 t he
reactor was %t ca rstoobed

lntroduced at the QQ% o he 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):
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was 81C, and the tenperature at the outlet fromthe first reactor was

115C. The crude butanol obtained had the following conposition 2 5 AUG 2004
(anhydrous): 25 n-butanol 99. 44% by \iﬁ'i ght di-n-butyl ether 0.01% by B
wei ght butyl butyrate 0.01% by wei gh but yr al dehyde di -n-butyl acetal

0. 44% by i The carbonyl nunber i 0 ewth DIN 53 173 as a
measur e o?ﬁ?ﬁ?snfpe%?%%al al dehyde contens'[b'\;%vgg ég?géﬁﬁr?ed as being 0.15 ny/g
of crude Bar3ndicy X%5Fe 5 (according td thé PRVEMIMN) 35 As described in
Exanpl e 4PusYhyRiHt3F@t8t i on feed conpri si fiy 04%5bypegiahtoy wei ght of

n- but anal bahdr sBBhyser d$-hybwieilglcedthlcr Wdd2%bby ameightas hydr ogenated, with
32 ppm lgy wei ght of potassium hydroxide, based on the supplied n-butanal,

bei ng addeqeteafmjﬁonamfpge&au WaLOPl o e SUDERAI LA Ahybbe catalyst

bed inlet was B81C.  a e tenperature at The crude
but anol oBPAFFEY H4S tQ éfJ oq“-ffﬁ/vio QCEB%o@tﬁr‘(?ﬁ‘(anhydr ous): 45 25 AUG 2004
11 n-butanol 99.81% by weight di-n-butyl ether 0 % by wei ght butyl
but yr at e Bxampdeh\pandinght acdendingl dehybe divemthohyl acetal 0.02% by wei ght 5
The canlbonyl nunber, as a neasure of the residual aldehyde content, was
<0.01 ng/ g0 byt apelm np oy di ihvention) 10
As descri ggg&?ﬁféx%ggglgg%% SfSl?(%g (b) 5a gée}?trae ggeﬁ%gég%ff%éﬁpri si ng

24. 1% by Welgntoor &opper-and 0 27% by XRSTgRP%0r - 2 Sb RvuifeaAR port of
silica gefoREHHLMAy PRBP Wicfnsidicafdek beads haying isddpmeter 16 The

cat al yst ¥a& mulveget édstaklddhdi cat ed above, to a hydrogenation feed

conpri 46ng 650 parts by weight of n-butanal and 5000 parts by wei ght of

ci rcul at eghéramta1pdtangs - suddjebheahy st OgR akBESHbEvd N tbhg reactor was 36

bar, the JHEHatHSHPFéﬁ%?%g&gﬁ%H?eéaﬂg{ Hartd! %»gé%gﬁgol R-Bflimagand the

maxi mum { ture, l S r e_reactor was
anéngﬂa% partsnby welig % o c1rculategacrude utanol.

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



operated in this way for 120 days. The crude butanol obtained had the

fol | owi ng conposition (anhydrous): 25 n-butanol 99.12% by wei ght 25 AUG 2004
di -n-butyl ether 0.01% by weight butyl butyrate 0.02% by wei ght N
but yr al dehyde di -n-butyl acetal 0.78% by weight 30 The carbonyl in

accordance HInV 153 e yde content,
was deter g{;gﬂ@&%s er| Bgﬁgéi%g%toﬁiggfg % u%fa&nglegf%g%?ld%}‘gggb (accordi ng
dr '

to the |nvent|oﬁ) ati on appara Us ‘was operated further under
identical conditions as in Experinent 6a. 10 ppm by wei ght of potassium
hydr oxi deThb@sttpmpd et Bhows pidte dhsundviantagesuse eifleets tof the pfocess

hydr ogefaaccordierg tojtbe #Abrdmilion haeeslsd hehieoddcCin ke thgefof | owi ng
CONpoS| 1| 98t a Hfkea2YnichuAANGLL:any B! dke HAE a2 ARs R bebULY H:AQ.05%
butyral dep n- butyl acetal 0. 04% by wei ght by wei ght y wei ght by
wei ght 25 004 12 The carbonyl nunber, as a neasure of the residual

al dehyde content, was 0.02 ng/g of crude butanol. This exanple shows that
t he advan?&ﬁﬁﬂﬁs7effects of the process 5 according to the invention are
al so agfi eved in the case of catalysts which are already in extended use

and the eifﬁ¥aﬁbq%hh§§onréﬁﬁéi t Eﬁaﬂ@@é&d@ncéowftﬁﬁﬁﬁggQBaE9O@foﬂé%Exﬁt in

accor danc 2 le follow ng conposition was~ used:
24% by me?% t H’nlc °£3% Pateé 'O 15 8% by wei ght of copper,
calculated as Cu0 2. 2@6 ght of nanganese cal cul ated as WMh304 0.6% by
wei ght of 28bdivuieight cof a‘i’é‘& s fRYpulated as NiO

15 8% by weight of copper, calculated as Cu0O
2.2% by weight of manganese, calculated as Mn3;Oy
0.6% by weight of sodium, calculated as Na,;0
remainder S5i0;

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 butanocl, was fed to the two
reactors in such a way that the liquid loading per m2 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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remai nder Si 02 20 The hydrogenati on was carried out in the apparatus

descri bed above under the conditions indicated there. The two reactldr UG 2004
were filled with a total of 1600 1 gk the catalyst pre-reduced at 300C in
a stream of hydrogen. 25 The hydrogenation feed, which conprised from 360
to 475 kgrof—butamat—Tmxture ﬁud #200—kg—of—crudegbutamot—nas—fed—+6 t he
two reacpors—in such a way tRaf the |iguidloadi g'per nP_of reactor
cross secl¥artirgamarsr ialan 3() 860 405 w8, bubanak udgq BaPakelothadtapakvi qusly
been takep fromthe hydrogenafi on produ&tuse the flirst 30 migaatrer for [t he
pur poses pf recycling. The tefperature above the |bed in the first,
adi abat iscpl 'y operated reactof4pe6 st cg@fe The |aQUPOoRd tdORraket he
hydr ogenat i on products were dg¢term neguB¥nogas chrjomat ogr afpanbef ore
di still atjTFPe38LEERra%e )% i mpnts were carried out|. I n Experinents A gnd B,
no base |Mddeidladtiiot* according to the invention). In Experinents C| and
D accor di HF3&°Ehe i nventi on, ihg%c’&ch case 10 ppm|by4$®S ght of potasgi um
hydr oxi de|, based on the al dehyde feed, were neterdd 40 in. The resultq are

shown 1R tgieskabbe below. 45 P 535 Alde 2004 13 5 10 A rting
mat er i al s=370—kg—ot—btutanat436—kg—ot—btt-aral—m e odure—4200—kg—ef

crude4200 kg of crude butanol butanol Tenperature at the inlet to the 1st
react or : 1G&fHsEIE iBnhes s utiee Iydragdhabien Grigdastti on of the hydrogenation

product: 15 20 25 30 35 40 A B
Az B:

15 IButanals: 0.006% by weight 0.007% by weight
Butanols: _ 59.2 % by weight 99.44% by weight
Di-n-butyl ether: 0.19% by weight 0.32% by weight

20 Butyl butyrate: 0.03% by weight 0.03% by weight
Butyraldehyde
di-butyl acetal: 0.53% by weight 0.57% by weight

C: D:
25 Starting materials: 430 kg of butanal 485 kg of butanal
mixture mixture
4200 kg of crude 4200 kg of crude
butanol butanol

30

Base: 10 ppm by weight 10 ppm by weight
of KOH of KOH
Temperature at the
inlet to the 13t
reactor: 1500C 150°C
35
40

45



But anal s: 0. 006%by wei ght 0. 007% by wei ght But anol s: 99. 2

Ybywei ght 99. 44%ywei ght Di -n-butyl ether:0.19%ywei ght 0. 32%ywei ght ZéLALiBﬂUQﬁ
but yrat e: 0. 03%bywei ght 0. 03%ywei ght Bgt yr al dehyde di - butyl

acet al : 0. 53%bywei ght 0. 57%ywei ght C.D. Starting material s: 430kgof

but anal 48Gkapbs bricmnalf fhut hy@rogenate of 20kg@ft :.cr ude4200kgof crude

but anol butanol Base: 10ppm by wei ght 10ppnby wei ght _of KCOHof KOH Tenper at ure

at the infet to the 1st reactdc:1500C1500C Pressurj@:35bar 35bar 45 2 5 | AUG

2004 14 C QI of_tne nygr uTt- 1" -

But anal s: P. VS\IEI ght 0. 02%y\Je BQﬁi'ﬂéSJV%eEPHEgg 5%0% Uz%’tﬁgg%&% wei [ght
Di - n- buSy B‘B’( S0. 01%ywei ght 82 62%R¥vsed APt But vI -44% by weight

but yr at e: mﬂmmlghtmbﬂz%y\\eﬂgml% Byt weabbehyde | Oi. obuthyy weight
acetal : 0. %@wlugpfgtéo% by Wwepobis Iy L@ibows frdmyt B§§%)ﬁ%li te that| the

hydr ogenafi q;% ﬁr%ure ang accordi ngl y the spdce-tinme ‘yield can be
i ncreased of th dditi.on of base ad to.the inverntion
wiCheat C\dicutebioacdtdh O L ] BPEed b wRRoREoS 21Bo5ht M il (nVell') 2

incread® in ether formation. 20 119/ch 25 30 35 40 45 2 5 AUG 7994

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

15 jncrease in ether formation.
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15 W claim 1. A process for the preparation of saturated al cohols %Alﬂi
which a liquid hydrogenation feed conprising at |east one aldehyde2 2004
sel ected from propanal, n-butanal, isobutyral dehyde, hexanal,

et hyl hexanal , et hyl hexenal , nonenhall5 nonanal, decanal, decenal and the
hydr of ormyl ati on products of trinmeric propylene, tetrameric propylene,
dimeric byfLnR8a9k:10 trineric butene is passed over a bed of a
hydrogenation catalyst in the presence of a hydrogen-containing gas, which
conprises adding to the_ hydrogenation feed an anount honpgeneously

sol ubl e t Her eifh Pr8Fess sfoFPIf hex STBRSEAYIAN 9L Aatyrated @ireholar] is an

al kali retal ilenwbichhe lBidguhydregenafionn fabf atompaistingnet aleasenpng An- |

i s an ani on ofaldehyéei sehaited f2onKpropailale ﬁf-b@tfﬁﬁler ibbBit yraldetdyBe) s the

val ency of thee3ahan, gthﬁh%rx‘aﬁﬁis één u@x@ﬁg ), 1 Hagnei n the
salt-1i ke bas

se n_al.k ean an 'al kali net al
car bonat e. %ﬁcﬁgggéscgecaesna f%eg{"? rpyqtrgfﬁﬁyj(’)? 0 FR8 'é?{] anount of
salt-1ike baséFr\?vPi'FEhc c%?q%’éﬁ&ﬁdstebﬁ?ﬁ-‘??é'&lcr EFPE-‘éH"&ﬁT dimagic \,%Ht@ﬁ‘? BHsis, to
from0.10t o 2000mpphe Wtens gkt papssdcver at hed adflehpgdregersadrioni n t he
hydr ogenat i on daeallysof ipahas pirusendy G0% dgdirsgartidetthoning Jusdr agesmt i on
feed. 4. A pr%ﬁ.§§1§§s qcﬁhrﬁ%dtbntﬂaqlﬁrobeﬁam@&%eagaﬁl &h&tﬁn wherein 30

the hydrogena 5 rt | ue ocess as clainmed
in claimd4, wrt%l r Lg{ﬂ’eﬁmr ﬁgif I'ILE'}Luéegk 3 "IE]% oho ﬁg; is the
hydrogenatlon &bt the ""&Fdéﬂyhé‘ P@s%hlfa}rln “’tel’ié hyeR ert@€i on f eed.
35 40 4% equlvalent of an alkali earth metal ion; [A"] is an anion of

an acid having a pKs value of greater than 2, and n is the
valency of the anion.

2. A process as claimed in claim 1, wherein the salt-like base
20 used is an alkali metal hydroxide and/or an alkali metal
carbonate.

3. A process as claimed in claim 1 or 2, wherein an amount of
salt-like base which corresponds, on neutralization
25 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.

4. A process as claimed in one of the preceding claims, wherein
30 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 hydrogenaticn product of the
aldehyde present in the hydrogenation feed.
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