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DI ETHYLENETRI AM NE AND HI GHER POLYETHYLENEPOLYAM NES The invention rel ates
to a procwedshurizi he nmanufacture 5 of diethyl enetriam nePam$EN/glzer

pol yet hyl enepol yam nes by transam nation of ethyl enedi am ne. The process
exhibits a high conversion rate of ethyl enediam ne and a high selectivity
to formacyclic polyethyl enepol yam nes, such as diethylenetriam ne. The
formati on of cyclic am ne conpounds, 10Le.g. piperazine, is |low. The nost
desirable products in the manufacture of ethylene am nes are acyclic,
preferably pkhoeBss sORYTEREMANUFAESURENORI DIBYHPLENRTRIAMING cAMIIdar y ani no

groups. Ethylene am nes._containi terocyclic rings are of less 15
commer ci af1§ %r%9P¥E¥ﬁHEFNEEPbg%@ﬁ¥E§,568,746 di scl oses a process for the

production of an am ne conposition containing a high proportion of

di ethyl enetrianmi ne to piperazinpe, by transam nation of ethyl enedianm ne in
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di scl osed catal ysts are Raney. nickel ,and Raney cobalt catalysts having a
particl e &FaRsaRinatson af eRAVLGRRA+TBH SN T%FUHFHS?Sﬂi? He' SUphort ed on

silica angidW/donoupposhedaes oki esphehedidihenRaany aikkeh or Raney cobalt
catal yst is 25 unsuitable to use,._since the&ygre br&ttle and difficult to
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Raney Cobﬁiétﬁf-éﬁ&ﬁ%iaﬁkﬁé.thﬁeCﬁéﬂma§ioni@ﬂx@?dleatam@naseompbﬁﬁ@@tinuous
nmet hods as well as difficult _to renove fromthe reaction mxture. On the
ot h&P harfl;9t HelRor2atBPyst€ h3Wing a support give a conparatively high

yield of The most desirable products in the manufacture of
ethylene amines are acyclic, preferably linear, ethylene
amines containing primary and secondary amino groups.
Ethylene amines containing heterocyclic rings are of less
15 commercial interest. Thus, US patent 4,568,746 discloses a
process for the production of an amine composition containing
a high proportion of diethylenetriamine to piperazine, by
transamination of ethylenediamine in the presence of a
nickel, cobalt or rhodium catalyst at temperatures between
20 170°C and 210°C and at a pressure of 1000 psig. Specifically
disclosed catalysts are Raney nickel and Raney cobalt
catalysts having a particle size of 20-60 um, Rh supported on
alumina, Ni/Re/B supported on silica and Ni/Zr supported on
kieselguhr. The Raney nickel or Raney cobalt catalyst is
25 unsuitable to use, since they are brittle and difficult to
| handle. In addition, the small particle size of the Raﬁey
nickel or the Raney cobalt catalyst makes the catalyst
inexpedient to use in continuous methods as well as difficult
to remove from the reaction mixture. On the other hand, the
30 catalysts having a support give a comparatively high yield of
piperazine.
The US patent 5,410,086 also describes a method of
controlling the ratio of diethylenetriamine to piperazine,
when transaminating ethylenediamine in the presence of

35 hydrogen and a hydrogenation catalyst, by adjusting the



pi perazine. The US patent 5,410,086 al so describes a nethod of controlling
the ratio of diethylenetriamne to piperazine, when transam nating

et hyl enedwarmneizh t he presence of 35 hydrogen and a hydr egerszpl/emsi

catal yst, by adjusting the WO 03/010125 PCT/ SE02/ 01351 2 hydrogen
concentration in the liquid reaction phase. Preferred hydrogenation

catal ysts are Raney nickel and Raney cobalt or a nickel/rhenium boron
catal yst. The worki ng exanpl es di scl ose @ transam nation process 5 of

et hyl enedi am ne, where the reaction is perforned in a tube reactor which
has been hgddeden idoraretatraltysin danthieniliguid? reseitdloh paaeent nickel, 4.4

wei ght percent rhenium.and 1.8 weigh rcent horon on u rt. Further,
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catalyst contagjinin t. least one transition netal of .group 8 of the
Per [ odi ¢ Tabl eTBF #HE FEPEHEREEPAE=a L BRpEFS Br EXPRSATIHRELEB PEBEESSt he

reacti on bei aghiakerdiamdndggiBeref thenyersitabnofislperf@%¥rakd €8Sa tube

Preferably the catalyst occupies_at |east 20% Db ol une of the reaction
pone. | and ERGEPEAUHEE BrteDRE: 1oRASS. 1o tho “nguF el YoHo CgBrarARng, Sbkem i n

t hese transaghbapeeepronesses, ol . seivhybnnegearcne tbediaihyhanet gi ani ne
and hi gher po 20 et hyl enepolyanmines is the fact that they at noderate
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transamination of ethyleneamine in the presence of a catalyst
containing at least one transition metal of group 8 of the
Periodic Table of the Elements at a temperature from 100°C to
150°C, the reaction being taken to a degree of conversion of

15 70% or less. Preferably the catalyst occupies at least 20% by
volume of the reaction zone, and the reaction time is from 5
to 10 hours.

The general problem in these transamination processes of
ethylenediamine to diethylenetriamine and higher poly-

20 ethylenepolyamines is the fact that they at moderate
temperatures and pressures result in too high a proportion of
cyclic ethyleneamine compounds, such as piperazine, and/or
that the conversion degree of ethylenediamine is too low.
Thus, there is a need for improvements leading to a high

25 conversion degree of ethylenediamine and at the same time to
a favourable ratio between the desired acyclic polyethylene-
polyamines and the cyclic polyethylenepolyamines at
favourable reaction conditions.

It has now been found that said objectives can be

30 achieved by performing the transamination process under mild
reaction conditions in the presence of a catalyst containing
a high amount of metallic nickel on a porous oxide support.
According to the present invention diethylenetriamine and
higher acyclic polyethylenepolyamines are manufactured by

35 transamination of ethylenediamine at a temperature of 135-



25 conversi on degree of ethylenediamne and at the sane tine to a
favourabl e rati o between the desired acyclic pol yethyl ene- pol yam nes and

t he cycl iwopsloydaehyl enepol yam nes at favourabl e reacti onpPcorsttvrogss. |t
has now been found that said objectives can be 30 achi eved by perform ng
the transam nation process under mld reaction conditions in the presence
of a catalyst containing a high anmount of netallic nickel on a porous

oxi de support. According to the present 3i nvention di ethyl enetriam ne and
hi gher acyclic pol yet hyl enepol yam nes are nmanufactured by 35 transam nation
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degree of 10%, the reaction mixture may have a weight ratio
between acyclic polyethylenepolyamine compounds and cyclic
ethyleneamines of above 20:1 and for 15% conversion degree
the above 15:1. The corresponding ratios obtained in the -

15 working examples of the US patent 5,410,086 are essentially

lower.

The catalytical active part of the catalyst of the
present invention comprises a large amount of metallic nickel
deposited on a porous oxide support. The catalyst may also:

20 contain supplementary, catalytical effective metals commonly
used in amination processes, such as cobalt, iron, copper,
palladium, or mixtures thereof. Said metals may be present in
a total metallic amount of 0,1% to 12% by weight of the
amount of metallic nickel. Nickel and any supplementary

25 metals are mainly responsible for the catalytic
transamination effect.

The catalytic effect may also be promoted by the
presence of a minor amount of another metal to achieve e.g.
improved selectivity for the desired products. These

30 promoters may be present in a total metallic amount of 0.1%
to 15% by weight of the amount of metallic nickel. Examples
of suitable promoters are calcium, magnesium, strontium,
lithium, sodium, potassgium, barium, cesgium, tungsten, iron,
ruthenium, zinc, uranium, titanium, rhodium, palladium,

35 platinum, iridium, osmium, silver, gold, molybdenum, rhenium,



deposited on a porous oxide support. The catal yst may al so. 20 contain
suppl enentary, catalytical effective nmetals commonly wused in am nation
processeswodminias cobalt, iron, copper, palladium or mPKTBERIL3HEr eof .
Said netals may be present in a total netallic anount of 0,1%to 12% by
wei ght of the anount of netallic nickel. N ckel and any supplenmentary 25
nmetals are nmainly responsible for the catalytic transanm nation effect. The
catalytic effect may al so be pronoted by4the presence of a mi nor anount.
of another netal to achieve e.g. inproved selectivity for the desired
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may also contain minor amounts of other oxidic materials,
such as titania, magnesia and zirconia. Especially preferred
are alumina or combinations between alumina and silica
containing at least 25% by weight of alumina. The inner

15 surface area of the gupport may vary from 20 to 1000,
preferably from 40 to 400, square meters per gram support.
The support normally constitutes between 30% and 74% by
weight of the whole catalyst. In a preferred embodiment of
the invention the transamination catalyst contains nickel

20 promoted with ruthenium, rhenium, palladium or platinum on a
' porous support containing alumina or a combination of alumina
and silica. The catalytic active area of the catalyst is
suitably from 10 to 70 square metres per gram of catalyst.
Normally, the catalyst has such a particle size that at least

25 80%, preferably at least 95%, by weight, have a size between
0.1 and 10 mm, preferably between 0.2 and 5 mm.

The transamination catalyst may be prepared by first
coprecipitating a nickel salt and salts of any supplementary
and/or promoting metals, for instance a nitrate salt, on a

30 granulated support according to the invention, in an alkaline
solution or by impregnating the granulated support with the
metal salts. Besides the nitrate salts the most commonly used
metal salts are acetate, acetylacetonate, ammoniumsulphate,
borate, bromide, carbonéte, chloride, chromite, citrate,

35 cyanide, 2-ethylhexanoate, fluoride, formate, hydroxide,



are alum na or conbinations between alum na and silica containing at |east
25% by wei ght of alum na. The inner 15 surface area of the support may vary
from 20 twobBOM125 preferably from 40 to 400, square neter PCPSEILOIBHM
support. The support normally constitutes between 30% and 74% by wei ght

of the whole catalyst. In a preferred enbodi nent of the invention the
transam nati on catal yst contains nickel 20 pronoted with ruthenium

rhenium palladiumor platinumon a poraus support containing alumna or a
conmbi nation of alumna and silica. The catalytic active area of the
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obt ai ned Eagmtrgg 80698 aeggadlng on the metal oxides to be
converted, until a desired degree of reduction is reached. In
case the catalyst containg two or more metals, a combined

15 precipitation and impregnation method can be used. Suitable
catalyst preparation methods are further described in M.V.
Twigg, J.T. Richardson, Appl. Catal. A 190 (2000) 61-72, E.
Kis et al., Polyhedron 17, 1 (1998) 27-34 and A. Baiker, W.
Richarz, Syn. Comm. 8(1) (1978) 27-32.

20 The transamination process may advantageously be
performed both continuously and batch-wise. In a continuous
process hydrogen and ethylenediamine are suitably passed as a
gas and liquid mixture under pressure through a fixed or
fluidised bed of the catalyst at the desired temperature. In

25 case of a solid bed, at least 80%, preferabiy at least 95% by
weight of the catalyst pafticles normally have a size from
0.5 mm to 10 mm, preferably from 1 mm to 5 mm. In a fluidised
bed, at least 80%, preferably at least 95% by weight of the
catalyst particles are from 0.1 mm to 2 mm, preferably from

30 0.2 to 1 mm. The reaction mixture obtained contains
transaminated products, such as diethylenetriamine,
triethylenetetraamine and piperazine, unreacted
ethylenediamine, ammonia eliminated in the transamination
reaction and hydrogen. The reaction mixture is normally

35 worked up by first separating the low molecular weight



calcined in air at a tenperature in the range from200 to 1200C, nornmally
300 to 500C, depending on the deconposition tenperature of the salts used,
until theweaBbsiase 10 transferred into oxides. Finally tRETSEVEI136KI des
are reduced to netallic formin the presence of hydrogen at a tenperature
from 150 to 600C, depending on the netal oxides to be converted, until a
desired degree of reduction is reached. In case the catal yst contains two
or nore netals, a conbined 15 precipitation and i npregnation nmethod can be
used. Suitable catalyst preparation nmethods are further described in MV.
Tw gg, J. Eom@buhdsdshydn@gmn aﬁﬂzﬂmmo&ihQOf@E&Oﬂhr&th%d E. Kis et al .
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reaction ﬁ?%?ﬁiiyobF%?n38°88ﬁtSEHEYQFPSﬁgaﬁFn5F88 Br&dﬁ@té m@i@ﬁ E%r
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ethﬁéened|€ﬁ1f @ g i m nat ed % #he t nsa na i,on, reactlon and
hydrogen %l TRa f?%ﬁnﬁ1 Puf® FESABHAE I9a§ by 9t Frateseparat i ng
t he IOMInDhesulEhewprgbsuHE)QB/6&9125a5€3%8&9210&85aep6ndent mainly on

the reaction temperature, but also on the amounts of hydrogen

he

and ethylenediamine. Since the reaction temperature is
moderate the pressure will also be moderate and suitably

15 between 5 MPa and 40 MPa, preferably between 8 and 35 MPa,
and the temperature from 135°C to 185°C, preferably between
145°C and 165°C. During these conditions the conversion
degree of ethylenediamine is good and the selectivity for
linear polyethylenepolyamines is high. .

20 Example

A cage containing one of the catalysts according to

Table I, was placed in an autoclave equipped with a stirrer
and a temperature control device. The autoclave was then
flushed with nitrogen gas and charged with 120 grams of

25 ethylenediamine. After closing the autoclave, hydrogen was
introduced to a pressure of 30 bar and the reactor content
temperature was increased to the reaction temperature during
stirring and held at this temperature for 4 hours, whereupon
the reaction was stopped by reducing the temperature. The

30 reaction mixture obtained was analysed with fespect to
ethylenediamine (EDA), diethylenetriamine (DETA), higher
acyclic polyethylenepolyamines (HAM) and piperazine compounds

(PIP). The transamination results are shown in Table TIT.

35



conpounds, hydrogen and anmonia, fromunreacted ethyl enediam ne and the
various transam nation products, which are subjected to fractional

di still atwor3/oHyes ogen and et hyl enedi am ne are returned POTISEe/QI3SCESS. 5
The hydrogen is present in the transam nation process to ensure a high
yield of desired acyclic polyethyl enepolyamnes and to inhibit or reduce

t he poisoning of the catalyst. Nornmally, the anmount of hydrogen is from
0.1 to 3 noles per nole of ethylenediamme. It is desirable to keep
hydrogen and 10 et hyl enedi am ne to an essential part in the liquid state.
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silica, 50

7 Alumina, 50, 60 - T35 1.2 | 10.3
silica; 50 ‘

8 Alumina, 50, 60 - 35 1.2 10.1
gsilica, 50

9 Silica, 100 38 - 32 1.2 10.2

10 Alumina, 100 33 - 8 4.8 10.2

11 |Alumina, 100 33 i g 4.8 | 10.8

12 Alumina, 50/ 60 Ru >35 1.2 9.8
silica 50 0.75" '

13 Alumina, 50/ 60 Ru >35 1.2 8.7
silica 50 0.75Y

14 Alumina, 50/ 60 Ru 4.5" >36 1.2 8.6
gilica 50

15 Alumina, 50/ 60 Re >35 1.2 8.0
silica 50 0.75"

16 Alumina, 50/ 60 Ru >35 1.2
silica, 50 0.75”
alumina, 100 16 - 6 4.8 7.2

B Silica, 100 15 ~ 10 3.2 7.4




acyclic pol yet hyl enepol yam nes (HAM and pi perazi ne conpounds (PIP). The
transam nation results are shown in Table I1. 35 WO 03/010125

PCT/ SE02/W033/0101Z5 Tabl e | Transam nation catal ysts O her PCHSEREBO135EL al S
Catal ytic Catal yst Test Support % by % by active Size Armount No. % by

wei ght wei ght weight area n2/g nmg 1 Alumna, 100 55 - 31 1.6 10.2 2
Alum na, 100 55 - 31 1.6 9.1 3 Alumina, 100 47 - 14 3.2 10.2 4 A um na,
100 47 - 14 3.2 10.0 5 Alumina, 100 47 8 14 3.2 10.0 6 Alumina, 50, 60 -
35 1.2 10.2 silica, 50 7 Alum na, 50, 60 - 35 1.2 10.3 silica, 50 8

Al um na, 50, 68m ré’én&tédlﬁhlh sfiulth@aa.uaocalshshaea 100 38 - 32 1.2 10.2
10 Alum ng, 100 33 - 8 33 - 8 4.8 10.8 12

Al umi na, 50/ eémREGSEStszwété‘ ag‘f“PP&&ms@eér’?gil)atfs Al umina, 50/ 60 Ru >35
1.2 8.7 §i|iC§m§9eQnZEéﬂ ¥4tA wiithanid/ n8@rBev4n3t»36el. 2 8.6 silica 50
15 Alum na, 50/ 60 Re >35 1.2 8.0

5 Table II Transamination results
Conver- Transamination products

Test |Temp sion weight % Weight
No. |°C % EDA PID DETA HAM ratio”
1 160 27.3 11.8 71.6 16.4 7.5
2 155 11.3 7.5 84.6 7.6 12.3
3 170 38.4 15.8 62.6 21.3 5.3
4 162 20.4 9.1 78.6 12.0 10.0
5 160 iS.O 4.9 87.7 7.2 15.5
6 150 9.1 3.9 92.1 3.7 24 .3
7 152 15.1 6.0 86.7 7.1 15.6
8 160 38.0 15.1 65.1 19.6 5.6
9 170 23.8 16.0 59.6 24.1 5.2
10 170 52.3 20.6 25.9 53.2 3.8
11 150 13.8 12.1 63.1 24 .5 7.3
12 170 42.7 14 .5 63.3 21.8 5.9
13 150 5.4 2.2 95.9 1.1 44 .5
14 150 3.5 1.5 97.3 0.0 64.1
15 150 15.4 5.8 84 .3 14.5 16.1
16 150 11.2 4.0 89.2 6.3 23.6
A 170 5.5 32.8 58 8.3 2.0
B 170 2.8 28.5 66.4 3.7 2.5
Y DETA+HAM/PIP

From the results it is evident that the catalyst

10 according to the invention has a high activity already at
150°C. At temperatures about 150-165°C the catalysts

according to the invention have high selectivities to the

formation of diethylenetriamine and polyethylenepolyamines as



silica 50 0.752) 16 Alum na, 50/ 60 Ru >35 1.2 silica, 50 0.753 A
alumna, 100 16 - 6 4.8 7.2 B Silica, 100 15 - 10 3.2 7.4 WD 03/010125
PCT/ SE02/W033/010185 i npr egnat ed wi th rut henium chl ori de 2) PCEsEeyonased w t h
amoni um perrhenate 3' inpregnated with rutheniumnitrosylnitrate 5 Table
Il Transam nation results Conver- Transam nation products Test Tenp sion
wei ght % Weight No. C % EDA PIP DETA HAMratio"' 1 160 27.3 11.8 71.6
16.4 7.5 2 155 11.3 7.5 84.6 7.6 12.3 3P 170 38.4 15.8 62.6 21.3 5.3 4
162 20.4 9.1 78.6 12.0 10.0 5 160 15.0 4.9 87.7 7.2 19.5 6 150 9.1 3.9
92.1 3.7 241 as IbZkah.sf foHdr86.conkrerdlitord deyrkE) Jthe) pmderfite bf19.6 5.6
9 170 23.8 16.0 59.6 24.1 5. 10 170 52.3 20.6.25.9 5:}@5 3. 11 150 13.8
12.1 63. 1 BRERiUD Improyes Fhe Spleqyivity nLher, ¥ FHFF 95.9 1.1

44.5 14 153 1dsde DRAR THE @hBbcki il shd Ede Tdhddsickd.dedkeel THe 150

11.2 4.0 89.2 6.3 23.6 A 170 5.5 32.8 58 8.3 2.0 .
low temperature also reduces the pressure where hydrogen is

5 present in liquid form. The test A and B are comparison tests
and show an unfavourable combination of low conversion degree

and low selectivity for the formation of acyclic compounds.



B 170 2.8 28.5 66.4 3.7 2.5 DETA+tHAMPIP Fromthe results it is evident
that the catalyst 10 according to the invention has a high activity

al ready awoO 038500325 At tenperatures about 150-165C t he cat alPgstSEozessr di ng to
t he invention have high selectivities to the formation of

di et hyl enetri am ne and pol yet hyl enepol yam nes as WO 03/010125

PCT/ SE02/ 01351 9 well as a satisfactory conversion degree. The presence of
rut heniuminproves the'selectivity furthes, while rhenium increases both
the selectivity and the conversion degree. The |ow tenperature also
reduces the presaamMe where hydrogen is 5 present in liquid form The test A
and B are conparison tests and show an unfavourabl e conbi nati on of | ow
conversion degree and |ow selectivity for the formati on of acyclic
conpounds 1. vm)@3p@&eé25 PEF/ SE82h8h354cthle 6£Aﬂh@tﬂylénétQQ§ﬁ§nEOQnEhe

nanufactur $I§% é ?netrianlﬂe EE ot he her ]i near
ponethyI8 65I AR REs 1HYSart PAh¥ S5 X APREPP XaW 4efi BY 8f CERRYrenedi ani ne,
Charactera&edatmohhaéacthenreaCétﬁylbﬁeﬂ@éﬁ@hﬁ?dcnﬁractSEEQéatHﬁethﬁﬁn‘135C

t 180C, f d h f
hyar ogen GAB GFSACAGH F EUPATESERFA) 9t AcEAPRPARGFD6EF™ 635 byChel ght of

metal lic mBokel an anppeﬁguseozrdﬁ sump@rto 40 Hpalapaocasshacgeedbiget O
rature.is from 145C to

claim1, Q terised in hat F action_t e
T65C. 3, e proCEeECACRBRAPhoh (B EF AP 2C5r C2 LKA nCPBF R 489920t Rl t he
support cea%abpSWahgntnaf ﬁetaralornacnbxtuﬁeanCpaf@ugl6ﬂlaéughﬁ§o§8d
SlliSa an thg ﬁﬁégé gtaggg£ H&g3go claim 1, characterised in that
the reaction temperature is from 145°C to 165°C.
3. A process according to claim 1 or 2, characterised in
that the support containsg alumina, silica or a mixture
containing alumina and silica, and the catalyst contain 30 to
15 65% by weight of metallic nickel.
4. A process according to claim 3, characterised in that
the support is alumina or a mixture of alumina and silica
containing at least 25% by weight of alumina.
5. A process according to any one of claims 1-4,
20 characterised in that the catalyst has such a particle size
that at least 80% by weight of the particles have a size from
0.1 mm to 10 mm.
6. Process according to anyone of claims 1-5, characterised
in that the catalysts besides metallic nickel also contains
25 in metallic form cobalt, iron, copper, palladium or mixtures
thereof in a total amount of 0,1% to 12% by weight of the
amount of metallic nickel.
7. A process according to any one of claims 1-6,
characterised in that the catalyst also contains a metal
30 selected from the group consisting of calcium, magnesium,
strontium, lithium, sodium, potassium, barium, cesium,
tungsten, iron, ruthenium, zinc, uranium, titanium, rhodium,
palladium, platinum, iridium, osmium, silver, gold,

molybdenum, rhenium, cadmium, lead, rubidium, boron,



15 65% by weight of netallic nickel. 4. A process according to claim 3,
characterised in that the support is alumna or a m xture of alum na and
silica cwotoaioniiagyy at | east 25% by wei ght of alum na. 5. ARCErSEeBEeISs1
according to any one of clainms 1-4, 20 characterised in that the catal yst
has such a particle size that at |east 80% by weight of the particles have
a size from 0.1 nmto 10 nm 6. Process according to anyone of clains 1-5,
characterised in that the catal ysts besiides netallic nickel also contains
25 in netallic formcobalt, iron, copper, palladiumor mxtures thereof in
a total ameurdarsfsd),cdost (mi:lz&%ﬂw e e £ oifn t&&ot@ﬁbﬁtﬁtaaflmtaaxhddrﬁ: kel .

7. A proc Or( din of cI char ac ised in that the
cat al yst ??oalc%gnt r‘f% 190 aa% ch1§0 asf‘écf%b e% Tn} ltll"fE [k;?lconm sting of
cal ci um reagnesi wnocetsrsoabldmndlhg mwmla&mdmmcha&hat&t:umedoarn WRatcesi um

tungst en, | ron t heni zinc, yrani u nium rhodium, al | adi um
pl ati num 5% & Lﬁﬁli c}én‘irﬁ%hléﬂ e kbed? rﬁ?l TP RhfitdmUadmi um

| ead,5 r ubiodi umA mfo@ﬁssV\@c&M@l&ng&dDG'ﬁ‘ySW 0E32laikd margganese or a
mxtureth%% in.a total talllc anount aof 0.1-15% by wei ght of the
amount  of RHSE IR AP EBAtA TS BFEESES P §ORY LEMEUR PLodesact eri sed
in that tilve mat @l:rolceSrshaabumﬁmgt m@mdlmmpal I aﬂauabeérﬂlséul AeMehatd. A
process ag%ordlgﬁ% &ro any one Er3t har acterised in that the
process i $'8 & dSUs*pr 8@5 JLnA""p FEBL 8T EEBFEPH DAY *E%iAm 9,

char act er ifdeed betdhat the am nat| on is perfornmed in a tubular reactor
having a fixed bed.



