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SS FGR THE”PREPARATICN AND PROCESSI NG CEfA HYDRCKYLANNCNIUNISAET
LUTION The invention relates to a process for theé preparation “AHgee T
oceSS|ng of a hydroxylannnnlun1salt soluthn wherej n ﬁn” ueggsz?sg
reaction mediu i,n cir tlon bet wegn a hydr oxyl&fmoni 156 ...
synt hesi s zoneﬁéﬁédgﬂaé} J%#ﬁgéls zone and ‘wherein’ hﬁ%FaFe fe@rgedor.......
ni trogen oxi des to be converted i nto ni+t late-ions are- EGMfﬁnuouslﬁEm731§.
supplied, by way of nitrogen source for the formation of the
hydr oxyl ammoni um salt, to the liquid belno kept |n C|rculat|on

mhlch

nitrate i ons are cat abyy

wher ei n anmoni um A HYDROXYLAMMONIUM SALT SOLUTION

[TACAPP] Ot e

The invention relates to a process for the
preparation and processing of a hydroxylammonium salt
5 solution, wherein an aqueous acid reaction medium is kept in
circulation between a hydroxylammonium salt synthesis zone
and an oxime synthesis zone and wherein nitrate ions or
nitrogen oxides to be converted into nitrate ions are
continuously supplied, by way of nitrogen source for the

10 formation of the hydroxylammonium salt, to the liquid being
kept in circulation, which nitrate ions are catalytically
reduced with hydrogen to hydroxylamine, and wherein ammonium
ions, formed as a by-product in the reduction of the n1trate
ions, are removed by conversion w1th nitrogen ox1des.

15 In a process according to the invention,
cyclohexanone oxime is produced starting from
hydrokylammonium salt and cyclohexanone, which cyclohexanone
oxime can be used as a starting material for the preparation

- of e-caprolactam. Such a process is described in GB-A-

20 1287303. That process is characterized by a circulation of a
'_ buffered solution between a zone wherein hydroxylammonium
salt is formed and a zone wherein cyclohexanone oxime is
" formed. The chemical reactions that take plaee in the

different zones are represented by reaction equations 1-3.
25 ' '
1) Preparation of the hydroxylammonium salt:

2 H,PO, + NO,- + 3 H, - NH,OH* + 2 H,PO,~ + 2 H,0 (1)

i

13

30 2) Preparation of the oxime:

NH,OH* + 2 H,PO,- + z Hzo +®=o > et e . e2)

r
£

Kottt

%? .

@N—OH + HyPO, + H2P04 + 3 Hzo
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lons, forned as a by-product in the reduction of the nitrate ions, are
renoved by conversion with nitrogen oxides. In a process according to the
invention, cycl ohexanone oxime is producgd_starting from hydroxypgamagpgum
salt and cycl ohexanone, which cycl ohexanone oxi ne can be used as a starting
material for the preparation of [err]-caprolactam Such a process is
described in GB)AsuppBy368. HNbA! tpr MeReSupsthbadepletisndobythecsoaptet bon

of a buffered solut|on, between_a, zone wherein hydroxylampnium.salt is
fornmed and a zonen%té?g?n189él8ﬁ5§5n5ﬁ$°8§?n8figg?oP%éﬁg BRAn cal
reactions that take place in the different zones are represented by
reaction equationg go3- + HNO, -» H,PO, + NO,- (3)

The depletion of the nitrate ion source is made up by
absorption of gases containing nitrogen oxides, resulting in
10 formation of nitric acid, into the reaction mixture that is
kept in circulation. Directly suppiying of nitric acid to
the reaction mixture is also possible. It is further
possible. to combine the absorption of nitrogen oxides and
the supplying of nitric acid. When the nitric acid or the
15 nitrogen oxides to be converted into nitrate have been
added, the reaction mixture, after the removal of water, has
the same theoretical composition as the initial solution
started from for the preparation of thé hydroxylammonium
salt. It is also known, however, that in the step involving
20 the preparation of the hydroxylammonium salt a quantity of
ammonium ions is formed owing to the hydrogenation ndt being
fully selective. In order to avoid an accumulation of
ammonium ions in a continuous circulation process, the
ammonium ions formed are converted to nitrogen by means of
25 gases containing nitrogen oxides in accordance with the
following reaction: '

2 NH,* + NO + NO, » 2 N, + 3 H,0 + 2 H | (4)

30 This process is known as the HPO-process
(Hydroxylamine Phosphate Oxime).

The nitrogen oxides (nitrogen monoxide + nitrogen
dioxide) are obtained in accordance with the state of the
art by on-purpose ammonia combustion, whereby ammonia and

35 air are converted into nitrogen oxides and water. Part of
the nitrogen monoxide formed is oxidized to nitrogen dioxide
by means of secondary air. A drawback of this process is
that the efficiency of the ammonia combustion forming part
of a processg with a capacity that is comparable to that of a
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1) Preparation of the hydroxylamoniumsalt: 2 Herr]PJerr] + NJerr]- + 3
Herr] [err] NHerr]OHerr] + 2 Herr]PJerr] + 2 Herr]O (1) 2)
Preparation of the oxine: NHerr] O+ Herr] PJerr] + 2 Ha® 7310

[err] - (2) [err]NNOH + Herr] PJerr] + Herr] PQerr] +
3 Herr] O  -2- 3) Supply of HNJerr] to make up the depletion of the
source of ni t mairtnailoHPCRfgrerc esrieal i mfgerter adxiond ¥f Gldedor @ ger mol
basis).
5 The object of the invention is to improve the

efficiency of the ammonia combustion.

This object is achieved in that the circulating
liquid containing ammonia ions is contacted with a gas flow
containing nitrogen oxides generated in catalytic combustion

10 of ammonia, 0.01 to 5 wt.% of the nitrogen oxides formed in
the combustion being used to convert ammonium ions into
nitrogen, and in that the rest of the nitrogen oxide
containing gas flow is used for the preparation of nitric
acid. :

15 - Preferably, 0.5-3 wt.% of the nitrogen oxides is
used to convert ammonium ions into nitrogen.

The ratio between the quantity of nitrogen oxides
‘that are used to convert ammonium ions into nitrogen (by
reaction 4) and the quantity that is used for the

20 preparation of the hydroxylammonium salt solution (by nitric
acid formation and reaction 1) is in general between 5:95 '
and 25:75.

The process according to the invention can be
applied for the preparation of oximes with 2-20 carbon

25 atoms. Preferably the hydroxyl ammonium salt preparation is
used for the preparation of cycloalkanone oximes with 6-12
carbon atoms. The invention is very suitable for a process
in which cyclohexanone oxime is prepared because
cyclohexanone oxime is an intermediate in a process to

30 prepare t—caprolactam.

Application of the invention makes it possible to
use a single ammonia combustion plant for the preparation of
hitrogen oxide for the preparation of a hydroxylammonium
salt solution in a commercial HPO process, and at the same

35 time for the preparation of nitric acid in a commercial
nitric acid production process. By a commercial nitric acid
production process is meant a process with a capacity of 200
to 750 kt HNO,/year (on dry basis). A commercial HPO process
in general has a nitric acid consumption of 50 to 110
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The depletion of the nitrate ion source is nmade up by absorption of gases
containing nitrogen oxides, resulting in formation of nitric acid, into the
fFeaction mxture that is kept in circutagion. Directly supplyi na@f7audric
acid to the reaction mxture is also possible. It is further possible to
conbi ne the absorption of nitrogen oxides and the supplying of nitric acid.
Wien the nitriktMHNQ, Gredhe(on tdogdraois HesThis el toniw esd iadl dorisumptian e

Dave Uhone oy She ddBRARA OV RS, O LI JEIPla s PG L
prepar at i orP of (hchdeyenmyues tadoiRtenritzic |acid) dhat Knwonsumed ékn amat
in the stepilﬁyﬁ\ﬁfghess. _

The advantage achieved in this way is that the
ammonia combustionlcan be carried out on such a scale that
the efficiency of the ammonia combustion will be

10 considerably higher than is the case when ammonia combustion
is carried out only for the HPO process.

In GB-A-1287303 it is described how and with what
process steps the nitrogen oxide containing flow and the
nitric acid are produced in an HPO ptocess. From that

15 description it already appears that much process equipment
is required for such a process. In addition to the steps |
described therein, purification steps are required in order
to meet today’s environmental standards, which means that in
practice the number of process steps will be even greater.

20 The advantage that is achieved by applying the present

. invention is that the number of process steps in the HPO
process can be reduced. The number of times that the ammonia
combustion facility has to be put on and taken off stream
will be lower than in the situation where there is an

25 ammonia combustion facility for the HPO process and a
separate émmonia combustion facility for a nitric acid
production process. The environmental impact from putting on
and taking off stream the ammonia combustion facility will
therefore be reduced by application of the process according

30 to the invention. o

A first embodiment of the invention is a process
wherein part of the nitrogen oxide containing flow from a
nitric acid production process is used for the destruction
of ammonium ions in a consecutive step, the_nitrogen oxides

35 that are not converted in said ammonium ion destruction step
being used on the spot for the préparation of nitric acid to
be used in the hydroxylammonium salt preparation step. This
means that next to a simply realizable ammonium ion
destruction step a number of absorption columns are needed
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the preparation of the hydroxyl ammonium salt a quantity of ammoniumions is
formed ow ng to the hydrogenation not being fully selective. In order to
avoi d an accunul ati on of amoniumions-i% -a continuous circul at iA®h FRFikess,
the ammoniumions forned are converted to nitrogen by neans of gases

contai ning nitrogen oxides in accordance with the follow ng reaction: [err]
This process ifokridvis aul e HEDHrRredect3qRr oxyl ani ne Phosphate Oxine).

The nitrogen oxides (nig rQoeshdNgd éert dd t+ Qb dindtdOf e Giividrterbd n
accordance with the state of the,

5§ is a process wherein a nitrogen oxide containing flow from a
(nearby situated) nitric acid production process is used for
the destruction of ammonium ions and wherein the non-
converted nitrogen oxides are recycled to the nitric acid

, production process. The nitrate ions for the preparation of

10 the hydroxylammonium salt are also obtained from the nitric
acid production process, in the form of nitric acid.
Application of this process means that no abso;ption columns
are used for the nitric acid preparation in the HPO-process.
If desired, the circulating liquid containing ammonium ions

15 could be supplied through a line to the nitric acid
preparation process section. The ammonium ion destruction
step can then be effected by using a nitrogen oxide
containing flow from the nitric acid preparation process.

The process according to the prior art and a

20 preferred embodimenﬁ'of the process according to the
invention will be illustrated by means of figures in the
following, without being restricted thereto.

Figure 1 shows a block diagram of a process
according to the prior art.

25 Figure 2 shows a block diagram of a process
according to the invention. '

Figuré 1 and the description thereof are derived
from GB-A-1287303. In Figure 1 the nitric acid and nitrogen
oxide production is represented by an ammonia combustion

30 facility 3 equipped'with a platinum gauze 4 and steam pipes
5, a hot gas condenser 6, oxidation column 8, absorption
system 9, which in general comprises several columns, and
stripping column 10. Nitric acid and a nitrogen oxide
containing gas flow leave this section via line 12 and line

35 13, respectively, while oxygen, ammonia and secbndary air
are supplied via lines 1, 2 and 11, respectively.

The hydroxylammonium salt synthesis zone is
represented by zone A, to which hydrogen is supplied via
line 19. An oxime synthesis zone B where the oximation
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art by on-purpose ammoni a conbusti on, whereby anmmonia and air are converted
I nto nitrogen oxides and water. Part of the nitrogen nonoxide fornmed is

oxi di zed to nitrogen dioxide by nmeans af gecondary air. A drawbagg cfzithi s
process is that the efficiency of the amonia conbustion form ng part of a
process with a capacity that i's conparable to that of a -3- normal HPO
process is in gmyromEnd Xé (mnime pettradt imsitdke place has a supply

line 21 for the ketone (cyclohexanone) and an outlet 20 for
S the oxime. Line 18, absorption system 14, which will in

| general comprise several absorption columns and oxidation
reactors and lines 16 and 17 complete the recycling system,
wherein the reaction medium is recycled between zone A and

_ zone B.

10 ' In absorption system 14 the reaction medium is
contacted with nitrogen oxides (via line 13). This results
in, among other things, destruction of the ammonium ions and
formation of nitric acid by absorption of nitrogen diéxide.
The non-converted nitrogen oxides are discharged via line

15 15,

In this embodiment the combustion of ammonia to
nitrogen oxides is carried out at atmospheric pressure and
at 850-950°C. The ammonium ion destruction step is
preferably carried out at a temperature of 70-90°C. The

20 preparation of nitric acid by absorption of nitrogen dioxide
in an agueous solution will preferably be carried out at a
temperature below 25°C. For an extensive description of the
process conditions, reference is made to GB-A-1287302 and
GB-A-1287303. The process conditions in the oxime synthesis

25 zone (zone B) are described in GB-A-1279527. The process
conditions in the hydroxylammonium salt synthesis zone (zone
A) are described in US-A-3514254.

The'process flows in Figure 2 are comparable with
those ih Figure 1 and are indicated with an apostrophe. Via

30 1line 13’ a'nitrogen oxide containing gas flow is supplied
from a nearby nitric acid production facility. Nitric acid
is supplied from the nitric acid production faciiity via
line 12’, The hydroxylammonium salt synthesis zone A’ and
the oxime synthesis zone B’ are the same as described above.

35 Line 18’, ammonium ion destruction zone C, which will in
general consist of one reactor, and lines 16’ and 17’
complete the redycling system, wherein the reaction medium
is recycled between zone A’ and zone B’.

In an ammonium ion destruction zone the reaction
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The object of the invention is to inprove the efficiency of the amonia
combustion. This object is achieved in that the circulating Iiquid
tontaining anmonia ions is contacted w th-a gas flow contai ni ngan ta3agen
oxi des generated in catalytic conbustion of -ammonia, 0.01 to 5 wt.%of the
nitrogen oxides formed in the conbustion being used to convert ammoni um
ions into nitmedgdmm,asippd igdatvihd imestl8of, tie conteeged wiitte thent ai ni ng

gas flowis unedclgior Rk MPRUMGINM Jid B0V Uil i8l Suthied viz® W%
of the nltrogen oxides 1s use ert amoni umions nltro
5 "1line 13’, at a temperature which is preferably between 70

and 90°C. Via line 15’ the residual gas flow, which still
contains nitrogen oxides, is fed back to the nitric acid
production process. Make-up nitric acid is supplied to the
recycle mixture.

10 The invention will be further elucidated by means
of the following example, without being restricted thereto.

Example I

This example is carried out in accordance with a
15 process as represented in Figure 2.

' Via line 13, 874 kg/h nitrogen oxides (on dry
basis) is drawn from a nitric acid plant and used for the
destruction of ammonium ions in zone C. The nitrogen dioxide
/ nitrogen monoxide ratio is 4 : 1. Via line 12’, 9400 kg/h

20 HNO, (on dry baeis) is drawn from the nitric acid plant and
added to the reaction medium in line 16’. The residual
production of the nitric acid production process emounts to
43,000 kg/h HNO, (on dry basis).

‘The efficiency of the ammonia combustion of the

25 nitric acid productlon process amounts to 96% (mol NH,

converted into nltrogen oxides).
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The ratio between the quantity of nitrogen oxides that are used to convert
ammoniumions into nitrogen (by reaction 4) and the quantity that is used

for the preparation of the hydroxyl ammanigum salt sol ution (by nij&i g33ai d

formation and reaction 1) is in general between 5:95 and 25! 75.

according to the invention can be applied for the preparagj '

with 2-20 carbon atons. Preferably thechydmoxyM gmmoni um Hmmm'"em"wnﬂu’
is used for the preparation of cycloal kanone oxines with 6+12ccarbon a

The invention is very suitable for a process in which cycl ohexanone oxi ne
i s preparedShetausProcess for the preparation and processing of a

10

15

20

25

30

35

hydroxylammonium salt solution, wherein an aqueous acid
reaction medium is kept in circulation between a
hydroxylammonium salt synthesis zone énd an oxime
synthesis zone and wherein nitrate ions or nitrogen
oxides to be converted into nitrate are continuously
supplied, by way of nitrogen source for the formation of
the hydroxylammonium salt, to the liquid being kept in
circulation, which nitrate ions are catalytically
reduced with hydrogen to hydroxylamine, and wherein
ammonium ions, formed as a by-product in the reduction
of the nitrate ions, are removed by conversion with
nitrogen oxides, characterized in that the circulating
liquid containing ammonia ions is contacted with a gas
flow containing nitrogen oxides generated in catalytic
combustion ¢of ammonia, 0.01 to 5 wt.% of the nitrogen
oxides formed in the combustion being used to convert

ammonium ions into nitrogen, and in that the rest of the

nitrogen oxide containing gas flow is used for the
preparation of nitric acid.

Process according to claim 1, characterized in that the
non-converted nitrogen oxides of the nitrogen oxide
containing gas flow which is used for the destruction of
ammonium ions are recycled into the nitric acid
production process, and that the nitrate ions needed for
the formation of the hydroxyl ammonium salt are also
obtainéd from this nitric acid production process in the
form of nitric acid;

Process according to claim 1, characterized in that the
nitric acid prqductioh process has a capacity of 200 to

‘750 kt HNO, /year (on dry basis).

Process according to any one of claims 1-3,
characterized in that 0.5-3 wt.% of the nitrogen oxides
is used to convert ammonium ions into nitrogen.

This Sheet Has Been Replaced




[err]-caprolactam Application of the i nvent | ble to use a
si ngl e anmoni a conbustion plant for the greparation of nltrogen Ak dg18o0r
t he preparation of a hydroxylammonium salt solution in a comercial HPO
process, and at the same tine for the preparation of nitric acid in a

comrercial nitgic ﬁgbdeaboduebkaangr tecany Bypedogosmmimbal-ajtric acid
Prppuety on B 06 e ha:RETRt 2o 35TReY! hherstRRCb e PutDdniRafeRal byine
nitric aci dsconsunptitbnéefl25¢arbonl@toms.
6. Process according to claim 5, characterized in that the
oxime is cyclohexanone oxime. |
7. Process as substantially contained in the spec1f1cat10n,
' drawings and the examples.
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. REPLACEMENT SHEET - 4 - kt/HN(J err]/year (on dry basis). This nitric acid
consunption corresponds to the total of nitric acid and nitrogen oxides (to

¢pe converted into nitric acid) that is qﬁnsuned in an HPO procesg 7718 '
-advant age achieved in this way is that]t e anmoni a conbustion can be
carried out on such a scale that the efficiency of the ammonia conbustion
w || be considerably higher than i3 tdhe epge aMgerp anmoni a conmbusti on

5 | The invention relates to a process for the
preparation and processing of a hydroxylammonium salt
solution, wherein an agueous acid reaction medium is kept in
circulation between a hydroxylammonium salt synthesis zone
and an oxime synthesis zone and wherein nitrate ions or

10 nitrogen oxides to be converted into nitrate are
continuously supplied, by way of nitrogen source for the
formation of the hydroxylammonium salt, to the liquid being
kept in circulation, which nitrate ions are catalytically
reduced with hydrogen to hydroxylamine, and wherein ammonium

15 1ions, formed as a by-product in the reduction of the nitrate
ions, are removed by contacting the circulating liquid with
a gas flow consisting of nifrogen oxides generated in
catalytic combustion of ammonia, 0.01 to 5 wt.% of the
nitrogen oxides formed in the combustion being used to

20 reduce the ammonium ions to nitrogen, and the rest of the
nitrogen oxides being used for the preparation of nitric
acid.
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is carried out only for the HPO process. In GB-A-1287303 it is described
how and wi th what process steps the ni‘trogen oxide containing flow and the
srnitric acid are produced in an HP® process. From that description it

al ready appears that nuch process equipnent is required for such a process.
In addition to the steps described therein, purification steps are required
in order to neet today's environnental standards, which neans that in

practice the nunber of egsyisteps will be ven,greater The advant age
that is achieved by ap (g fe present inveilo-n is that the nunber of
process steps in tmg HPG-pretes aﬂ-be The nunber of times that

t he ammoni a
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eonbustion facility has to be put on and taken off streamw || be | ower
than in the situation where there is an anmoni a conbustion facility for the
HPO process and a separate ammoni a conbustion facility for a nitric acid
production process. The environmental inpact fromputting on and taking off
stream t he ammonia conbustion facility will therefore be reduced by
‘application of the process according to the invention. A first enbodi nent
of the invention is a process wherein part of the nitrogen oxide containing
flow froma nitric acid production process is used for the destruction of
amoniumions in a consecutive step, the nitrogen oxides
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PROCESS FOR THE PREPARATION AND PROCESSING OF
A HYDROXYLAMMONIUM SALT SOLUTION

The invention relates to a process for the
preparation and processing of a hydroxylammonium salt
" solution, wherein an aqueous acid reaction medium is kept in
circulation between a hydroxylammonium salt synthesis zone
and an oxime synthesis zone and wherein nitrate iomns or
nitrogen oxides to be converted into nitrate ions are
continuously supplied, by way of nitrogen source for the
formation of the hydroxylammonium salt, to the liquid being
kept in circulation, which nitrate ions are catalytically
reduced with hydrogen to hydroxylamine, and wherein ammonium
ions, formed as a by-product in the reduction of the nitrate
ions, are removed by conversion with nitrogen oxides.

In a process according to the invention,
cyclohexanone oxime'is'produced starting from
hydroxylammonium salt and cyclohexanone, which cyclohexanone
oxime can be used as a starting material for the preparation
of eg-caprolactam. Such a process is described in GB-A-
1287303. That process is characterized by a circulation of a
buffered solution between a zone wherein hydroxylammonium
salt is formed and a zone wherein cyclohexanone oxime is
formed. The chemical reactions that take place in the
different zones are represented by reaction equations 1-3.

1) Preparation of the hydroxylammonium salt:

2 H,PO, + NO,- + 3 H, - NH,OH* } 2 H,PO,- + 2 H,0 (1)
;) Preparation of the oxime:

NH,OH* + 2 H,PO,~ + 2 H,0 +<:>=O - (2)

@N—OH + H,PO, + H,PO,- + 3 H,0



(nearby situated) nitric acid production process is used REPLAGEMENT SHEET
‘destructi on of anmmoni umions and wherein the non- conveftfd nitrogen oXi ¢
are recycled to the nitric acid production process. The n thatp F fqr
the preparation of the hydroxylammoniumsalt are also I ned ron1¥
nitric acid production process, in the formof nitric aciam g

| u. MM uul. rVT
this process neans that no absorptien2cel ums are used {for the nitric aci

preparation in the HPO process. If desired, the circulating ITqurd
cont ai ni ng anmmoni um i ons could be supplied through, a line to the nitric

acid prepar%d|Q#P@#bc%%ng%£t?%Hmaﬁﬁeuanhbﬁl@%P1%ﬁ1%%s?#uE¥?0ﬁ°%¥%$ *hGn
then be effectekbyté/Sidgs daftéf OPEMoPX1 IS the oxime formed:

H,PO,- + HNO, - H,;PO, + NO,- (3)

The depletion of the nitrate ion source is made up by
absorption of gases containing nitrogen oxides, resulting in
formation of nitric acid, into the reaction mixture that is
kept in circulation. Directly supplying of nitric acid to
the reaction mixture is also possible. It is further
possible to combine the absorption of nitrogen oxides and
the supplying of nitric acid. When the nitric acid or the
nitrogen oxides to be converted into nitrate have been
added, the reaction mixture, after the removal of water, has
the same theoretical composition as the initial solution
started from for the preparation of the hydroxylammonium
salt. It is also known, however, that in the step involving
the preparation of the hydroxylammonium salt a-quantity of
ammonium ions is formed owing to the hydrogenation not being
fully selective. In order to avoid an accumulation of
ammonium ions in a continuous circulation process, the
ammonium ions formed are converted to nitrogen by means of
gases containing nitrogen oxides in accordance with the
following reactioﬁ:

2 NH,* + NO + NO, » 2 N, + 3 H,0 + 2 H* (4)

_ This process is known as the HPO-process
{(Hydroxylamine Phosphate Oxime).

The nitrogen oxides (nitrogen monoxide + nitrogen
dioxide) are obtained in accordance with the state of the
art by on—-purpose ammonia combustion, whereby ammonia and
air are converted into nitrogen oxides and water. Part of
the nitrogen monoxide formed is oxidized to nitrogen dioxide
by means of secondary air. A drawback of this process is
that the efficiency of the ammonia combustion forming part
of a process with a capacity that is comparable to that of a
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f.

d



containing flow fromthe nitric acid preparati on process. h«BEB%@@T SHEET
according to the prior art and a preferred enbodi nent of tHe |process
according to the invention will be illustrated by neans of {fijgu28FER e
followi ng, without being restricted thereto. Figure 1 showd 3 bl ock diagrain
of a process according to the prior art. Figure 2 shows a bl oCK dfagramot:
a process according to the invention™ Figure 1 and the des€&ription thereof

are derived from GB-A-1287303. In Figure 1 the nitric acid and nitrogen ==
oxi de prodygtign kBo' BRLEIRR! 4% % FRrRFRANA1FOBIS (BN a per mol

basis).

The object of the invention is to improve the
efficiency of the ammonia combustion.

This object is achieved in that the circulating
liquid containing ammonia ions is contacted with a gas flow
containing nitrogen oxides generated in catalytic combustion
‘of ammonia, 0.01 to 5 wt.% of the nitrogen oxides formed in
the combustion being used to convert ammonium ions into
nitrogen, and in that the rest of the nitrogen oxide
containing gas flow is used for the preparation of nitric
acid.

Preferably, 0.5-3 wt.% of the nitrogen oxides is
used to convert ammonium ions into nitrogen.

The ratio between the quantity of nitrogen oxides
that are used to convert ammonium ions into nitrogen (by
reaction 4) and the quantity that is used for the
preparation of the hydroxylammonium salt solution (by nitric
acid formation and reaction 1) is in general between 5:95
and 25:75.

The process according to the invention can be
applied for the preparation of oximes with 2-20 carbon
atoms. Preferably the hydroxyl ammonium salt preparation is
used for the preparation of cycloalkanone oximes with 6-12
carbon atoms. The invention is very suitable for a process
in which cyclohexanone oxime is prepared because
cyclohexanone oxime is an intermediate in a process to
prepare tg—caprolactam.,

Application of the invention makes it possible to
use a single ammonia combustion plant for the preparation of
nitrogen oxide for the preparation of a hydroxylammonium
salt solution in a commercial HPO process, and at the same
time for the preparation of nitric acid in a commercial
nitric acid production process. By a commercigi gitric acid
production process is meant a process with a capacity of 200
to 750 kt HNO, /year (on dry basis). A commercial HPO process
in general has a nitric acid consumption of 50 to 110



facility 3 equipped with a platinumgauze 4 and steam pipes 5
condenser 6, oxidation colum 8, absorption system9, which

conprises several colums, and stripping colum 10. Nitric ac
‘nitrogen oxide containing gas flow |leave this section via lin
13, respectively, while oxygen, anmonia and secondary air are
lines 1, 2 and 11, respectively. The 4ydr oxyl ammoni um sal t sy
_is represented by zone A to which hydrogen is supplied via

AT svest
di and a
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shpplied via.
nt resi—s——zone
ne 19. An

oxi me synthesis zone B where_the o0x]

t| n N ". .
kt/HNO, /year (on dry bas1g?. fhis nitric acid consumption
corresponds to the total of nitric acid and nitrogen oxides
(to be converted into nitric acid) that is consumed in an

HPO process.

The advantage achieved in this way is that the
ammonia combustion can be carried out on such a scale that

the efficiency of the ammonia combustion will be

considerably higher than is the case when ammonia combustion

is carried out only for the HPO process.

In GB-A-1287303 it is described how and with what
process steps the nitrogen oxide containing flow and the
nitric acid are produced in an HPO process. From that
description it already appears that much process equipment

is required for such a process. In addition to the
described therein, purification steps are required

steps
in order

to meet today’s environmental standards, which means that in
practice thé number of process steps will be even greater.
The advantage that is achieved by applying the present
invention is that the number of process steps in the HPO
process can be reduced. The number of times that the ammonia

combustion facility has to be put on and taken off
will be lower than in the situation where there is

stream
an

ammonia combustion facility for the HPO process and a

separate ammonia combustion facility for a nitric acid

production process. The environmental impact from putting on

and taking off stream the ammonia combustion facility will

therefore be reduced by application of the process
to the invention.

according

A first embodiment of the invention is a process

wherein part of the nitrogen oxide containing flow

from a

nitric acid production process is used for the destruction

of ammonium ions in a consecutive step, the nitrogen oxides

that are not converted in said ammonium ion destruction step

being used on the spot for the preparation of nitric acid to
be used in the hydroxylammonium salt preparation step. This

means that next to a simply realizable ammonium ion

destruction step a number of absorption columns are needed
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supply line 21 for the ketone (cycl ohexanone) and an outlet]2Q f The > -
oxi me. Line 18, absorption system 14, which will in general }conp e

several absorption colums and oxidation reactors and |ines|{1¢ @8 FEB 1997
conplete the recycling system wherein the reaction nediumisjrecycled

bet ween zone A and zone B. In absorptSon system 14 the reacfi on nediumis

contacted with nitrogen oxides (via line 13). This results

for this nitric acid production.

A second - preferred - embodiment of the invention
is a process wherein a nitrogen oxide containing flow from a
(nearby situated) nitric acid production process is used for
the destruction of ammonium ions and wherein the non-
converted nitrogen oxides are recycled to the nitric acid
production process. The nitrate ions for the preparation of -
the hydroxylammonium salt are also obtained from the nitric
acid production process, in the form of nitric acid.
Application of this process means that no absorption columns
‘are used for the nitric acid preparation in the HPO-process.
If desired, the circulating liquid containing ammonium ions
could be supplied thtough a line to the nitric acid
preparation process section. The ammonium ion destruction
step can then be effected by using a nitrogen oxide
containing flow from the nitric acid preparation process.
' The process according to the prior art and a
preferred embodiment of the process according to the
invention will be illustrated by means of figures in the
following, without being restricted thereto.

Figure 1 shows a block diagram of a process
according to the prior art.

Figure 2 shows a block diagram of a process
according to the invention. _
_ Figure 1 and the description thereof are derived
from GB—A-1287303. In Figure 1 the nitric acid and nitrogen
oxide production is represented by an ammonia combustion
faqility 3 equipped with a platinum gauze 4 and steam pipes
5, a hot gas condenser 6, oxidation column 8, absorption
system 9, which in general comprises several columns, and
stripping column 10. Nitric acid and a nitrogen oxide
containing gas flow leave this section via line 12 and line
13, respectively, while oxygen, ammonia and secondary air
are supplied via lines 1, 2 and 11, respectively.

'The hydroxylammonium salt synthesis zone is
represented by zone A, to which hydrogen is supplied via
line 19. An oxime synthesis zone B where the oximation



in, anong other things, destruction of the ammoni umions agt-formatTorof
nitric acid by absorption of nitrogen dioxide. The non-cony ef‘ké&&ﬁ%gﬁfﬂ
oxi des are discharged via line 15. In this enbodi nent the gorbustion of
ammonia to nitrogen oxides is carried out at atnospheric pre§swg FEB 1997
850-950[ err] C. The ammoniumion destruction step is preferdblly carried out
at a tenperature of 70-90[err]C. The preparation of nitric |acre—by
absorption of nitrogen dioxide in an aqueous solution will jpreferably be

carried out at a_ tenperature below 25[err] C. For an_extensive descalﬁtloﬁ
of the procESactfBi ePpEnkhe, pripeneEtractigp takepPAaesghagra,fyrPLlY

line 21 for the ketone (cyclohexanone) and an outlet 20 for
the oxime. Line 18, absorption system 14, which will in
general comprise several absorption columns and oxidation
reactors and lines 16 and 17 complete the recycling system,
wherein the reaction medium is recycled between zone A and
zone B.

In absorption system 14 the reaction medium is
contacted with nitrogen oxides (via line 13). This results
in, among other things, destruction of the ammonium ions and
formation of nitric acid by absorption of nitrogen dioxide.
The non-~converted nitrogen oxides are discharged via line
15.

In this embodiment the combustion of ammonia to
nitrogen oxides is carried out at atmospheric pressure and
at 850-950°C. The ammonium ion destruction step is
preferably carried out at a temperature of 70-90°C. The
preparation of nitric acid by absorption of nitrogen dioxide
in an aqueous solution will preferably be carried out at a
temperature below 25°C. For an extensive description of the
process conditions, reference is made to GB-A-1287302 and
GB—-A-1287303. The process conditions in the oxime synthesis
zone (zone B) are described in GB-A-1279527. The process
conditions in the hydroxylammonium salt synthesis zone (zone
A) are described in US-A-3514254. o

The process flows in Figure 2 are comparable with
those in Figure 1 and are indicated with an apostrophe. Via
line 13’ a nitrogen oxide containing gas flow is supplied
from a nearby nitric acid production facility. Nitric acid
is supplied from the nitric acid production facility via
line 12’. The hydroxylammonium salt synthesis zone A’ and
the oxime synthesis zone B’ are the same as described above.
Line 18’, ammonium ion destruction zone C, which will in
general consist of one reactor, and lines 16’ and 17’
complete the recycling system, wherein the reaction medium
is recycled between zone A’ and zone B’.

In an ammonium ion destruction zone the reaction



GB- A-1287303. The process conditions in the oxinme synthesits e B)
‘are described in GB-A-1279527. The process conditions in hRgﬁﬂ&EMﬁﬁ?f*mtT
hydr oxyl anmoni um salt synthesis zone (zone A) are describg¢d}in

US- A-3514254. The process flows in Figure 2 are conparabl N 28 FIESS 997N
Figure 1 and are indicated with an apostrophe. Via line 18 ja nitrogen
oxi de containing gas flow is supplied froma nearby nitrif acrd production
facility. Nitric acid is supplied fromthe nitric acid production facility

via line 12'.. The hydroxyl anmoni um salt synthesis zone A' and the oxine
synthesis zp&E vk, 65@;&1%@% alslxﬁbeacmbeﬁ Armeactddarilth , tgmoni um i on.
destruction apne C, é: will Jin
rogen oxide contalnlng gas flow which is supplied via

line 13’, at a temperature which is preferably between 70

and 90°C. Via line 15' the residual gas flow, which still

contains nitrogen oxides, is fed back to the nitric acid

production process. Make—up nitric acid is supplied to the

recycle mixture.

The invention will be further elucidated by means

of the following example, without being restricted thereto.

Example I

This example is carried out in accordance with a
process as represenfed in Figure 2.

Via line 13, 874 kg/h nitrogen oxides (on dry
basis) is drawn from a nitric acid plant and used for the
destruction of ammonium ions in zone C. The nitrogen dioxide
/ nitrogen monoxide ratio is 4 : 1. Via line 12’, 9400 kg/h
HNO, (on dry basis)'is drawn from the nitric acid plant and
added to the reaction medium in line 16’. The residual |
production of the nitric acid production process amounts to
43,000 kg/h HNO3 (on dry basis).

The efficiency of the ammonia combustion of the
nitric acid production process amounts to 96% (mol NH,
converted into nitrogen oxides).
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CLAIMS

Process for the preparation and proceéessing of a
hydroxylammonium salt solution, wherein an aqueous acid
reaction medium is kept in circulation between a
hydroxylammonium salt synthesis zone and an oxime
synthesis zone and wherein nitrate ions or nitrogen
oxides to be converted into nitrate are continuocusly
supplied, by way of nitrogen source for the formation of
the hydroxylammonium sait, to the liquid being kept in
circulation, which nitrate ions are catalytically
reduced with hydrogen to hydroxylamine, and wherein

.ammonium ions, formed as a by-product in the reduction

of the nitrate ions, are removed by conversion with
nifrogen oxides, characterized in that the circulating
liquid containing ammonia ions is contacted with a gas
flow containing nitrogen oxides generated in catalytic
combustion of ammonia, 0.01 to 5 wt.% of the nitrogen
oxides formed in the combustion being used to convert
ammonium ions into nitrogen, and in that the rest of the
nitrogen oxide containing gas flow is used for the
preparation of nitric acid.

Process according to claim 1, characterized in that the
non-converted nitrogen oxides of the nitrogen oxide
containing gas flow which is used for the destruction of
ammonium ions are recycled into the nitric acid
production process, and that the nitrate ions needed for-
the formation of the hydroxyl ammonium salt are also
obtained from this nitric acid production process in the
form of nitric acid. _

Process according to claim 1, characterized in that the

‘nitric acid production process has a capacity of 200 to

750 kt HNO, /year (on dry basis).

Process according to any one of claims 1-3,
characterized in that 0.5-3 wt.% of the nitrogen oxides
is used to convert ammonium ions into nitrogen.

. This Sheet Has Been Replaced




and ‘90[err]C. Via line 15 the residual gas flow, which sti I I,Mﬂm"muuumm '
‘nitrogen @x-ges . to the nitric acid production pr
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restrictedjt eQQ;FEBEﬁﬁﬁpI- | This exanple is carried out in accordance
with a progeps-as represented in Figure 2. Via line 13, 874 kg/h nitrogen

—t frome witric acid plant and used for the
in zone C. The nitrogen dioxide

5. Process according to any'one_of claims 1-4,
characterized in that the oxime is a cycloalkanone oxime
with 6-12 carbon atoms.

6. Process according to claim 5, characterized in that the
oxime is cyclohexanone oxime.

7. Process as substantially contained in the specification,.
drawings and the examples.
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'PROCESS FOR TﬁE PREPARATION AND PROCESSING OF A
HYDROXYLAMMONIUM SALT SOLUTION

ABSTRACT

‘The invention relates to a process for the
preparation and processing of a hydroxylammonium salt
solution, wherein an aqueous acid reaction medium is kept in
circulation between a hydroxylammonium salt synthesis zodne
and an oxime synthesis zone and wherein nitrate ions or
nitrogen oxides to be converted into nitrate are
continuously supplied, by way of nitrogen source for the
formation of the hydroxylammonium salt, to the liquid being
kept in circulation, whlch nltrate ions are catalytlcally
reduced with hydrogen to hydroxylamlne, and wherein ammonium
ions, formed as a by-product in the reduction of the nitrate
ions, are removed by contacting the circulating liquid with
a gas flow consisting of nitrogen oxides generated in
catalytic combustion of ammonia, 0.01 to 5 wt.%. of the
nitrogen oxides formed in the combustion being used to .
reduce the ammonium ions to nitrogen, and the rest of the
nitrogen oxides;being used for the preparation of nitric
acid.

FIGURE 2
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Claims
1. Process for the preparation and processing of a
hydroxylammonium salt selution, wherein an aquecus 'acid
reaction medium is kept in circulation between a
bydroxylammonium salt synthesis zane and an cxime
synthesis zone and wherein nitzate ions or nitrogen
cxides to be converted intc nitrate are continucusly
. supplied, by way of nitrogen scurce for the formation of
—/ the hydrexylammonium salt, .to the liquid being kept in
' circulation, which nitrate ions are catalytically
reduced with hydrogen ta hydroxylamine, and wherein
ammonium ions, formed as ‘a by-product in the reduction
of the nitrate ioms, are removed by convarsion with
nitzogen oxides, characterized in that the circulating
- liquid containing ammonia ions is'conta:ted with a gas
flow containing nitrcgen oxides generated in catalytic
combustion of ammonia, 0.01 to 5 wt.$% of:the nitrogen
oxides formed in the combustion being used to convert
ammonium ions into nitrogen, and in that the non-
converted nitrogen oxides of the nitrogen oxide
N/ containing gas f£low which is used for the destructiomn of
' . ammonium ions are recycled ints a nitric acid production
process, and that the nitrate ions needed for the
formation of the hydroxyl ammonium salt are alsc
obtained from this nit:ic acid production process in the
form of nitric acid.

2. Process according Eo claim 1, characterized in that the
nitric aciq p:oduction process has a capacity of 200 to
750 kt HNOq/year (on dry basis).
3. Process accorxding to claim 1 or 2, characterized in that
0.5-3 wt.¥ of the mitrogen oxides is used to convert
- ammonium ions into nitrogen.
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4.  Process according to day sfie of claims 1-3, |
characterized in that the oxime is a cyclocalkanone oxime -
with §-12 carbon atoms. .
5. Process according te claim 4, characterized in that the
- oxime is cyclchexanone oxime. | .
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PROCESS FOR THE PRERARATION AND PROCESSING OF A
HYDROXYLAMMONIUM SALT SOLUTIQN

A BSTRA C T

The invention_relates to a process for the
preparation and processing of a hydroxylammonium salt
_solutidn, wherein an agueous acid reaction medium is kept in
circulation between a‘hydroxylammonium salt synthesis zone
and an oxime synthesis zone and wherein nitrate ions or
nitrogen oxides to be converted into nitrate are
continuously supplied, by way of nitrogen source for the
formation of the hydroxylammonium salt, to the liquid being
kept in circulation, whlch nltrate ions are catalytlcally
reduced with hydrogen to hydroxylamlne. and wherein ammonium
ions, formed as a by-product in the reduction of the nitrate
ions, are removed by contacting the'circulating liguid with
a gas flow consisting of nitrogen oxides generated in
catalytic combustion of ammonia, 0.01 to S wt.% of the
nitrogen oxides formed in the combustion being used to
reduce the ammonium jons to nitrogen, and the rest of the
nitrogen oxides being used for the preparation of nitric
acid.
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