.13 JUN 2005 1 Cgntinuous preparation of hydroxylamoni um salts The present
invention relates to a process for the continuous 5 preparation of 13 JUN 200
hydr oxyl anmoni um salts by catal ytic reduction of nitrogen nonoxide %y nea%s
of hydrogen in a dilute aqueous solution of mneral acid in a plurality of
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reduction of nitrogen monoxide by means of hydrogen in a dilute
aqueous solution of mineral acid in the presence of a suspended
25 noble metal catalyst is a known method and is described, for
example, in DE-C-1 177 118. Here, an aqueous solution of mineral
acid in which the catalyst is suspended is passed through a
plurality of reaction stages connected in series, a mixture of
nitrogen monoxide and hydrogen is fed into each reaction stage
30 and catalyst-containing hydroxylammonium salt solution is taken
from the last reaction stage. A disadvantage of this process is
the formation of undesirable by-products such as dinitrogen
monoxide, nitrogen and ammonium salts which leads to a reduction
in the yield of hydroxylammonium salt and also :leads to explosive
35 mixtures in the case of high dinitrogen monoxide concentrations.

To reduce the formation of by-products in this reaction,
EP-B-0 059 366 proposes maintaining a pH of less than 2.0 in the
last reaction stage and controlling the inflow of fresh aqueous
40 solution of mineral acid by means of the pH in this last reaction
stage. An unsatisfactory aspect of this method is the tendency of
the measured parameter (pH in the last reaction stage) and
control parameter (inflow of aqueous solution of mineral acid
into the first reaction stage) to oscillate, which leads,
45 particularly in the case of high nitrogen monoxide conversions,
to losses in yield as a result of by-product formation.
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el evat e tenperature, preferably at from30 to 80C, in particular from 40
to 60C. The reaction can generally be carried out at anbi ent atnospheric
pressure oM SepeFat EL1p? eBSiAng MigprakAfIdS sEchRARYPIShPPELSUr e of
up to 10 Medd,préfeialdaidupsubferivPaciidnopaphdspiioaric apid 3 apRd. s@bkts
catal yst fauicht he aeabiciuinohyatoddre gulifadgedr NoikRurde, thérésf are used as
20 mineral acid. Preference is given to sulfuric acid or ammonium
hydrogen sulfate or mixtures thereof, in particular sulfuric
acid. '

In general, aqueous solutions of the mineral acid having a

25 concentration of from 4 to 6 normal should be used initially. A
decrease in the acid concentration over the reaction stages
usually takes place.

The reaction can advantageously be carried out at elevated
30 temperature, preferably at from 30 to 80°C, in particular from 40
to 60°C. ' '

The reaction can dgenerally be carried out at ambient atmospheric
pressure or superatmospheric pressure, for example at gauge

35 pressure of up to 10 MPa, preferably up to 5 MPa, in particular
up to 3 MPa.

As catalyst for the reduction of the nitrogen monoxide, it is
advantageous to use noble metal catalysts, preferably platinum

40 metals, which are generally applied to supports, preferably to
carbon, in particular graphite. Platinum on carbon, in particular
on graphite, has been found to be particularly useful. The
catalysts are employed in finely divided form as a suspension.
Such a catalyst preferably contains from 0.2 to 5 percent by

45 weight of platinum. The catalysts advantageously further comprise
one or more elements of group 5 of the Periodic Table having an
atomic weight above 31, of group 6 of the Periodic Table having
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stages.101Bndciwardi ng to the present invention, the incomng streamof dilute
aqueous solution of mneral acid is divided into at |east twd, for exanple

two, thregnofafilfs BAEEESANY riWRraSURSid SaMnbeh ol éattahgséefﬂs into the

pl uralitysgg [eacti.on glages e%orgriec%gg |0 serles i20 A%cgr ing to the
present i RYERTION & PIVST e iéde sUne? rdEmECor s 9. ¥E%Fhe first reaction

stage and a second of the substreans is fed to a reaction stage other than
t he fi St Acppediramlioy the prefentadnverhiten orkhst ageomyy Isttrean sfibditludgns are
enpl oyed, attheowolsematibovwof atiinerall tbed fd rdfvidabdt hecs whsteeaastw® t he
second of fhhee ler@a85 smaid drbeout D pherdraRde fhOMsditebfs Belfore -
pref er abl y. f }{]ﬁ%ﬁtgotﬁgiplmr%qilpe& FETC ggaggsovc%rﬁ%e&gaeﬂ] subst r eans
then flows through the
series.
20
According to the present invention, a first of these substreams
is fed to the first reaction stage and a second of the substreams
is fed to a reaction stage other than the first, preferably to
the last reaction stage.
25
If two substreams are employed, the volume flow ratio of the
first of the substreams to the second of the substreams should be
in the range from 100:1 to 5:1, preferably from 20:1 to 10:1.

30 The first of the abovementioned substreams then flows through the
individual reaction stages in succession, with the content of
hydroxylammonium salt increasing continually with consumption of
the acid. '

35 The reaction mixture is taken from the last reaction stage at the
same rate at which dilute aqueous solution of mineral acid is fed
to the reaction stages.

Advantageously, the reaction stages are each supplied separately
40 with a mixture of nitrogen monoxide and hydrogen, the offgases
formed are collected and conveyed, advantageously after at least
partial removal of by-products and addition of nitrogen monoxide,
to the reaction stages, preferably to the first reaction stage.

45 According to the present invention, the inflow of dilute aqueous
solution of mineral acid into the plurality of reaction stages
connected in series is controlled by means of the pH in the
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Hydroxylammonium salts obtained by the process of the present
20 invention are suitable for the preparation of cyclohexanone
oxime, a starting compound for the preparation of caprolactam.
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45 1 3 JUN 2005 5 we claim 5 1. A process for the continuous preparation
of hydroxyl ammnium salts by catalytic reduction of nitrogen nono '??UW%NS
means of hydrogen in a dilute agueous solution of mneral acid in
plurality of reaction stages connected in series, which conprises 10
dividing the incomng stream of dilut® aqueous solution of mneral acid
into at |least two substreans before it is fed into the plurality of
reaction sj.agegigonnected in series, 15 feeding a first of these substreans
to the first reaction stage, feeding a second of these substreans to a
reaction stage other than the first, where the inflow of dilute aqueous 20
sol uti on, df. maneratessi tbi rithe thet phupus iprpgpefatbactafohydragpbamwermaent ed i n
series i's COﬂtsthtlseﬂybdaﬁHi@Fticof:ecﬂdi@tiHﬂ oifNnk Bt Sgdreainonidat Bgandeb £t han
the first. dBB &§S§n3a5 &'1%%@99%15&11@ bt H"%‘f Fr‘dﬁe a.SLeQQM’ 9f ghe 25

abovenentlone uce nto t 0 acti on

st ages connecgéﬂrfz é%ﬁg§§ea§tlﬂpp?%%§§§cggngf ?%éﬂ‘ﬁﬁr&Fgfth 2, wherein
a pH of |ess CCARA12®$s mmintained in the reaction stage into which the 30
second t he abovenenti oned substreans is fed. 4. A process as clained in
any of ¢l ainsdiviaigg tWerigicomihg stidar alf acidraeisrRhdotisSbiutich ag d. 35 5.

A process as GligbiRd ddidmacl o€l ALal: LikOsflostiBLR] BeliBPe M NAJ Flegacid used
is sulfuric am%b %Q 5 ura It E rem:b%%png é)é%% g sgreangals fed into
the last of th& "react ges connec Seri®Yand a pkf e range
5

40 from1l.0 to 1.5 is nalntalned in thls stage. 4
feeding a first of these substreams to the first reaction

15
stage,
feeding a second of these substreams to a reaction stage
other than the first, where the inflow of dilute aqueous
20 solution of mineral acid into the plurality of reaction

stages connected in series is controlled by means of the pH
in this reaction stage other than the first.

2. A process as claimed in claim 1, wherein a second of the
25 abovementioned substreams is introduced into the last of the
reaction stages connected in series.

3. A process as claimed in claim 1 or 2, wherein a pH of less
than 2 is maintained in the reaction stage into which the
30 second of the abovementioned substreams is fed.

4. A process as claimed in any of claims 1 to 3, wherein the
mineral acid used is sulfuric acid.

33 5. A process as claimed in any of claims 1 to 4, wherein the
mineral acid used is sulfuric acid, the second of the
abovementioned substreams is fed into the last of the
reaction stages connected in series and a pH in the range

20 from 1.0 to 1.5 is maintained in this stage.
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