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AM NATI ON PROCESS . Background of the Invention

The present invention part|cularly concerns the 5. productlon of | ower
alkylanines % ggagat al ytic amnation of | ower allphqh%

derivatives such as nono- and pol yhydric al cohols, alc an1nes and-
conpounds from whi ch these al cohols are derived, including epOX|des :
ket ones and al kyl enei mi nes. 10 The catal ytic ami nation of alcohols is
a process which has been | ong recognlzed in the prior art. It

general ly concerns the reacti SW|th ammonia in the
presence of a hydrogenation catalys n& usua y 1n the presence of
hydr ogen. 15 The am ne prEagkaroun = Mdance with the

present invention hage HrBsdiResS. 1ﬁ'ﬂeﬁ@|ﬂbﬁl O?ai'ﬁlbbibﬁ'lyseconcexﬁfs the
re

I ntermedi ates for % e5|z Qt her qp |als

utilized, for e%§ﬁ§¥8 1PR ?t g?@?ﬁegl nines Hs EEES%YtEB aminatjos
Pat .- No. 2,861, 935 Xhyesor | dbiphatin hatkate cém'evqtlmges suclet Asnaloag-nand
va{ I Ioust ni tr0geReq gRyaENE Noa IESHHAG, S foconolaﬂﬁaéw,bala{mt alcoﬂyéaﬁ&@naéfdaﬂ
catal yst conpri§ ong_or_nore of _ni a

catal ytic noble #Fé‘?’ﬁl Enes e 5 AtPohels; a??"ﬁur#%ﬁ{jv% I d‘dﬁcﬁﬁgggﬂd ?& ?'ﬁ'ckel
and Raney 25  &eitehes andhalkyleneiminespported on a carrier such as

alumna. 4 Urfe Batalpbic 3ahffaflh 4o Caldso1a pfsocees.ﬁré&ss which
converting ethanolan1ne t.0 eth%Iene |an1ne by usin

LV SO

enatlon
cat al yst, such PEER; PP, e f%
l'i quid phase, um@apeausogsnaugeactIOpreQSLwaicdﬁmé[ﬁﬂ&#ﬂ anmgnldeszmlums a
preferred catal yrbsence W & 16 | e Dlydti Closh ABEaTBINSHI Whe
oxi des (N - Ngﬁ% qﬁé I n d b hernal deconp05|t|on of co-precipitated
ni ckel and magn@EERRNFS, al ates. 35 U.S. Pat. No.

3,137,730 15 eachesTheheammveuvmmtsofproduce@l hh e recegndamicebywith nghe

supported cat al y3bseRtPiAvédtlion have many uses. In addition to their use
as intermediates for synthesizing other chemical materials,
they are utilized, for example, in fungicides and
insecticides.

20 U.S. Pat. No. 2,861,995 describes a method of converting
ethanolamine to various nitrogen-containing products by
using a metal hydrogenation catalyst comprising one or more
of nickel, cobalt, copper chromite, catalytic noble metal
such as platinum and palladium, and Raney nickel and Raney

25 cobalt. They may be supported on a carrier such és
alumina.

U.S. Pat. No. 3,068,290 describes a process for
converting ethanolamine to ethylenediamine by using a
hydrogenation catalySt, such as described above, in a

30 reaction which is in the 1liquid phase, under autogenous
pressure. The patent also describes a preferred catalyst
which is a combination of nickel and magnesium oxides (Ni-
MgoO), obtained by thermal decomposition of co-precipitated
nickel and magnesium formates or oxalates.

3s u.s. Pat. No. 3,137,730 teaches the conversion of
ethylene glycol by using a supported catalyst comprising
nickel and copper. U.S. Pat. No. 3,270,059 teaches an
amination process in the presence of a supported catalyst



ni ckel and copper. U S. Pat. No. 3,270,059 teaches an am nati on

process in the presence of a supported catal yst WO 97/ 35834
PCT/ US97/ 02822 -2 which is
produced by S|n ng oxygen conpounds of either - nickel or caobalt at
t enper at ur e¥ 9 H"3 g@?ﬁess of 700[err]C and reduci ng t he K {72 et al
conpound by treat nent vm'th hydrogen. _U.S. Pat. No. 3,766,184
describes a cat al yst containing iron“with either nickel, cobalt or

m xtur es ,ffg{?‘{@al WY Al ihg %&?géhsﬁoﬁﬁéﬁﬁ&§dof Oeifnépi S
at ent S as use

and ot her m nati on gr oce

SUMVARY OF THE“Hlf\?él\n?mc"balt atTﬁt?“]?FE? Rree n\}é‘nﬁ"&?sﬁs&f 991Gt ppd
distillation iredueeing0 thanisintered ofetadl | phupound abyarreatoventat with to

t ake adv nof h dengd.n taiglal
distill at ion r é%%?on zong |§n t@%g d:}g i ??aﬁ%#déofaé\s‘:ﬂk;éy "a EQEal st

concurrer?ly iFPTERIRINGst 1PN MWakhc FIFREY BiCKEL, Cobplf C‘Eﬁlt &c’;i‘Fﬂﬁé he
al i phatic al kagrerdef.vatRutenibpdeayabydts amch]au’rmufernedatbydinognns

par 11 Pre¢ oty ke pkeffo le uaerd®l aifaPSid hrbdutiel 1on 150 psia

preferably | es9"% §an

t han 10 psia in the preserJﬂii ‘* &i*LA* LaB@Ncat al yst prepared

in the form of amﬁt Presentdinvent ixdn usest catallymd: hierstdiy 13@ ionr ¢ACtheg a
oot a 0 PAREEMEC BE 20T i fRaIE | WAkalld aenv&f&é;' 080 0" +hpe
anmoni a and hy ogen ture arnin

unreacted hydrasfeantageerofindthe comdensiang ald ikl kats koWt H‘l v"éb? ves
and fractionaldjstiliatdosnt i rbadgidiie Zonect iAn that Wistidiation TB6lumn

operation of the (1{ ! #&vl %Ehgﬁ'rf&}(ﬁg e%%’ierdigt?ﬂ%astmn colhﬂnb%\ggc@oé' qui d

and vapor phasre
consi der abl e p&k |mfz#cit=ws Vdorakiphatic alkanggderivatinesni hydregen g
portion i§ VapddUfminiahait @ hydrogéhkpaet il iptiseuee. in\\thei pah§e of

distillation rgagh) 4. PiaRo 16087 Enhit o ' Bl Prdrabhbity@idek! Bhhdl T1oM
100 psia, e.g., in the range of 0.1 pé;_ta to less than 10
psia in the presence of a hydrogenati_'c_;ri catalyst prepared
in the form of a catalytic distillation ‘structure thereby

20 reacting a portion of the aliphatic alj_t__afﬁe derivatives with
a portion of the ammonia and hydrogen'f";'t?o form a reaction
mixture containing amines, unreacted '.-i_x_-_irdrogen, water and
unreacted aliphatic alkane derivatives and fractionally
distilling the reaction mixture. .

25 The operation of the distillation cclumn reactor results
in both a liguid and vapor phase wn;_h.j_.n the distillation
reaction zone. A considerable portlon of the vapor is
hydrogen and ammonia while a portion 15 vaporous aliphatic
alkane derivatives. Within the distii__.;i?tion reaction zone

30 there is an internal reflux and llun.d from an external
reflux which cool the rising vapors, .éé,@densing a portion
within the bed.

Without 1limiting the scope of the invention it is
proposed that the mechanism that produces the effectiveness

35 of the present process is the condensat:.on of a portion of
the vapors in the reaction system':, which occludes
sufficient hydrogen in the condensed 1 i:uld to obtain the
requisite intimate contact between thg_ ammonia, hydrogen




ref lux which cool the rising vapors condensing a portion within the

bed. Wthout Ilimting the scope of the invention it 1is
proposed that the nechani smthat produces the effectiveness 35 of the
present proges Astisl Ne condensation of a portion of %ﬁu S in
the reaction system whi ch occl udes sufficient hydrogenin the -
condensed liquid to obtain the requisfte inti mate contact between the
-anmmoni a, hydrogen WO 97/ 35834

PCT/ ES97/ 02822 ang the alcohol in the presence of tﬁeh catalc}aﬂﬂ ﬁdﬂ&'eahﬂf &hol
int epresenceo e c ySst Lo t in the production of -amnes.
"BRI EF DESCRI PTEN W@%@E a;n(iﬁgg The fi gure is a flow diagramin

schematic form of one BREEF | PES “Ya .
DETAI LED DESCRI PTI ghée fJ.gure Iaea zhkanaladeémv;'ﬁlyasemmocfrombf RRe

am nat ed gal kaﬁ&'bﬁgi%ﬁ%%’éga?fg hne %’Q_esegtpigggﬂwnnvent Il on include | ower

aliphatic 'ng one~or nore functional 10 gr oups.
Preferred lower aliphatic al k RETALLED PESCREETION | nclude those
containing one fRe Swika®® b@FivatiVes whiékNGhdpnade graameﬁéaesqat may

be on the primar econdar or tertiary carb at ons st one of
the functional @ acko % %ir%l%en h(ﬁﬁe(feﬁ'g céBgﬁﬁgi b‘e'f‘?ﬁ“’r 5?8'55 by
an 15 amne giénpatncthm aﬂgnm\@téWienahhshngr onesor dﬂotmefunctlopaésent
i nventi onyg The gpb@ps! M ed ﬁ:smatﬁxeaal lgﬁéﬂpsalﬁfﬂdﬁi% alkah¥ dr gagivaiivea.

I mno groups a | nagl ons of said such .as _al cohol S
(mono  and pol?‘%‘fyc}aﬁo ose %?H’?ﬁ'?v 19%xa I e%ix ofSATRCDEar r ed TPEI kane
derivative 20 fusubazioxmg greuns ipresentn@aydde onhihel primary, esecoyidacyl

(ethanediol), ormMReeiARPOLahbiCatons] hyhenfééﬁ@eane of tHe ORIMIAARMAL
propanol am nes r opanedi ol but ane

di ol
ani nobut anol s, I5EHPENEFE! sent’ sg"%%‘%t §ﬁe&?8?gle ﬂ? gﬁéﬂ?aﬁﬁPgac'lﬁ‘gxgxoPg
hexanedi di%s andmi.ﬁe grdupohéRartdies . catakyticr amigahiorr paocessntafpitheed

herein present invention. The preferred functional groups include

hydroxy, amino, imino groups and céﬁbinations of saiad

groups, such as alcohols (mono: and polyhydric).

Illustrative examples of preferred alkane derivative

20 starting materials include ethanol, ethylene-glycol

({ethanediol), monoethanol-amine, ethyleneimine,

isopropanol, propanolanmines, propepediols, acetone,

butanols, butanediols, aminobutanols, pentanols,

pentanediols, aminopentanols, hexanols, hexanediols and

25 aminchexanols. The starting materials contemplated herein

also include compounds from which the aforementioned may

be derived. Preferably, at least pngfof the functional

groups in the starting material is a hydroxy group. Other

functional groups which are not :Feplaceable during

30 amination may be present in the alkane etarting material in

combination or in addition to the replaceable functional
groups. )

The particular alkane derivative startlng materials to

be used, of course, depends upon the particular amine

35 product desired to be produced. Gen -glly, the desired
aminated product differs from the alka__ starting material
by the amine group which replaces the non-amlne functional
group oOr groups present in the start;:n_g naterial. For




al so i nclude conpounds from which the aforenenti oned may be deri ved.

Preferably, at |east one of the functional groups in the starting
material is a hydroxy group. O her functional groups which are not
repl aceabl ey diniqdg 30 am nation may be present in the al kane starting
material in conmbi nation or in addition to the replac M i onal
gr oups. The particul ar al kane derivative starting materials to

be used, of course, depends upon the particular am ne 35 pr oduct

desired to be gg 2d. in @ﬁ@erpliddﬁctibﬁ @Qs'ét@ﬁ{lene Amiaked s@a‘%\%&ﬁé

differs fromthe, al kahe in ne grouyp
repl aces the nBﬁtﬁ’ﬁ’r?ags f’lﬂ?gﬁdgngf:ﬂaiene gqlé’tﬁ?lofnér Bﬁﬁgeﬁﬂ%ﬁta‘"ﬁ?et he
starting material The prgcess can thus\d»e w@Bddered to comprise:

- PCT/ US97/ 2822  (a) feeding aliphatic alkane denvﬁtlves ﬁi%@& ij” the
production of ethylgn etdlagn %nf @{ 'I’%bl erlas mclueetﬁy ene
gl ycol an rmnB’é’P%é’rﬂ) &S ation uﬁ}no(’."& Bﬁn t hus be considered to
conprise: (¥r) feentacking plthei caldliphaticleralkdne/ ederipditdges, and -
5 ammniato al | u (A ntacting
“the aliphati c ifjiane Argier%egtﬁﬁ\l?eg% ) ﬁ?ﬁﬁ&a?%g%anr%ha& &B.)essug:g Pg er
“hydrogen parti &fn9R eRE koY, Pk pPsia ?%nb%s%ft%btﬁs% PEiggi preferabiyt han
150 psia, prefkesdl than 1d0esps:|:ah,an1ﬂ:0(3:ms|presendéﬁeopraseiy&rdqfenatlon

y3r 0GENg}i ON dea) f AhokiarB R he P JAO'd1 G afa%at%tgtgn tion

distillation ucturethereb%?reactlng a ortlo
al kane deri vat??%’%cwli% EPBERPY o FRHING afn PR the deddehatéct or m
a reacti on m xélksneomdexiivabivesi neith a punt:iaamt h‘yﬂéomonﬁat eanand

unreacted ali pﬁ?édi‘%&} k@Be foirm Qerfé/aagﬁl\bq,s m:l.xture ﬁ°f‘ﬁ5%‘qf’h£t ghgh?g t he

‘pressure in the Iatlon col um or suc reactr bn
mxture i s at PRReaRhed ngydrogen,,; yater and unrea?tm; efdiPhatin alkanead
fromtheisi sti ﬂénivmuasl-unn 20 reactor conprising vaporous unreacted

aliphatic alkangsy maintaining the pressure in the distillation column
| reactor such that the reaction mixture is at its boiling

point; :
(d) removing an overhead from the distillation column
20 reactor comprising vaporous unreacted aliphatic alkane
derivatives, water and hydrogen and any lower boiling
amines;

(e) condensing substantially all of the alipbhatic

alkane derivatives removed as overheads from the
25 distillation column reactor;

(£) returning a portion of the condensed aliphatic
alkane derivatives (which may include water and lower
boiling amines) to the distillation column reactor as
reflux; and

30 (g) withdrawing a product from the distillation column,

Since the reaction can result in a mixture of amine
products, there may be overheads product, bottoms product
and/or side draw products. By adjusting the conditions,
one or more products may be favored, for example the

35 amination of ethylene glycol can produce monoethanolamine
(MER) , ethyleneﬁd-—iiamine (EDA) and diethylenediamine (DEDA).

- At higher ratios of ammonia to alcohol, the production of

the lower boiling amines (lower substitution) is favored.



derivatives, water and hydrogen and any | ower boiling am nes;
(e) condensi ng substantially all of the aliphatic al kane
“derivatives renoved as overheads fromthe 25 distillation colum reactor;

(f) retur ni‘ggiﬁ%ﬁgjt ion of the condensed aliphatic agﬁ@@ﬁg‘zgvat i ves
ude e di's

(which may inc wat er and | ower boiling am nes) to trllation
col umm reactor as reflux; and 30 g3) W thdrawing a product from
-the distillation col um. Since the reaction can result in a mxture
of am ne prAdtes sgidtiantetday belwuwentwedorpr thacdesioid gredquetdnay
and/ or side dray Cle ] ' , [ 4 e+Qr +{Rre
‘product s may be&%\%g‘r}gd%é}’%}: exgﬂpggﬁéﬁg %%et%%%étéilgﬁdoiprg?ﬁe?eﬁg 5 ycol
can produce nonSelwkol afiPhcexanple weAprning, the oneanine Feathe, golumn

di et hyl enedi am wRi1&ERMoving the dii @hdr trdt anineé favers adlectlivdlyl tot he

product i onsof the lthﬁ I ?%ég%ugg annes (lower substitution) is

favor ed.
PCT/ US97/ 02822 Among the metals known to catalyze the hydroggaation

gi stillati 0][1 Cﬁkﬂﬂ@ﬁi&ﬁ@%&pl&h&nﬁﬁﬁiflﬁr]hmgdu:@baﬂ?y molybdeihufin) hleickaypr ed
y return of t undesi red.pr . t he ol u [, &xagple
returning the nﬁ%%?fm ?Bdt f?%qggﬁﬁ t Gen%allll 'r.egrr’?r)h\"'/nl'ézglt e P %hdoFr i
am nes favors sehbalysttyse osupportede dxidesr ofutheseumegadai ne¥he oxide
Among t he get al $skpeuict® €t th¥zactive NYdrRUeNEhéPNprior tdCaséi GcR &

L oL SRS ol P Sy ene OB 30,208 5ope.
oxi des of theseThese| netzha aipdeccapalyze ptheredeastiems achpst hotabdyt her
ST e ow e ey ey e O
I:Ieﬁyd(raggénat i ontg?y eF@Va&’gﬁg\f’gﬁpS’Pﬁt JF@%.%?“’“AS i ﬁlg%if‘xﬁ% cbmpou{x%yw g Y
pronot e t B8 r eathemselvesy|aaf igtherc odedindstei produce dimerse(oreoldgomener
ol efins to prodyseréhidincetifkl 48 Bhcreased.
As describ'__ed the catalytic material employed in the
hydrogenation .i:rocgss is in a form to serve as distillation
packing. Broadly stated, the catalytic material is a
20 component of a d-ifstillation system functioning as both a
catalyst and distillation packing, i._'_é. , a packing for a
distillation :qolumn having both a dist-illation function and
a catalytic function. '
The reactiqn system can be described as heterogenous
25 since the cata)._yst remains a distinct entity. Any suitable
hydrogenatio"n catalyst may be used, for example Group VIII
metals of the Periodic Table of Elements as the principal
catalytic compqnen_t:-, alone or with promoters and modifiers
such as palladinm[géld, palladium/silvei_', cobalt/zirconium,
30 nickel and .ehick_ellrhenium preferably deposited on a
support such -Eé_s alumina, fire brick, pumice, carbon,
silica, silic’é-,-_a-luﬁina, kieselguhrs, _d_i-atomaceous earths
silica-titani'_a._;: resin or the like.
The catalygit_,s may contain various metals in admixture
35 = which do not ~'d§1_:rim_e_nta11y affect the -c@;alytic properties
of the catalyst. These additional metals, in some amination
processes, may actually improve selectivity and activity of
the basic ca.ta:_.y'st. ‘Certain of these méﬁé’fls may extend the




as residence tinme is increased. As described the catalytic materi al

enpl oyed in the hydr ogenation process is in a formto serve as
distillation packi ng. Broadly stated, the catalytic material is a
20 COWO'\SIB?/?{@{" distillation systemfunctioning as both a

catal yst an | ation packing, i.e., a packing for a FCTUSYYRER; || 4t on
colum having both a distillation function_and : a catal ytic function.

The reaction system can be described as he?erogenous'ZS since the

tal yst t
catal yst may Li&u?ﬂffé?fﬁii%*;y :‘g’?y A | propB¥GLEgroat Mhe, .
I

Tabl e of El ené@l¥8tehe Jriamp AERLYSFEi cCeRpbMaR | adhdhioral it h
pronot ers and medwilf icomponents sintlede pfi+Rehilay gtl-Re~-gal, | Ndi-Re+Mg) e~

cobal t/21 1 coniusr301-Recke! wEORe-1) Gkpludd WE-rACeLer AbLie—glengpl t ed

on a support brick ufri ce, .carb
silica, 3ili gleum% Re'l%uese\"gtﬁﬁ <u, d?'%tf%?r&%ougl T4hs Nl"Re‘C°:
silica-titani Ni-Restip Mi-ReeTii land Nl—Re-MnThamadﬁgtsttso Npyepyd asuch

vari ous metal %atalggwt 4apdS of w%ayggdaﬁi&saﬂ bl Ll ey 1he

catal ytic propertl cat t ese additiona h sone
am nati on suitgbles amoupts 44 (HRe y iIMRERENRLLQN cEPIVtign agentaining y of

t he basi c cat dlheshickeltand rbenimmssaltsal s may extend the

97/ 3583 P

o Co0oN0 i yi B PFRFerTed patalyst structurs it G pIeRaRy anipation

cat al yst . E%WFé§eso1atca]teoﬁsfst%“e CBHP%HH% %%ldﬂ?%%?ale: semipikgid
conponent s i naipetie hesRke- tabubhr Reelémends Reeited Niwith a cuthé?e Li,

Ni -Re-K, N -R

N reoag, N RRoytie el - Eadlide oolpopBREftan anggkﬁ’ At et

order to prep ssud-l’i’tmatellfaP&P?EHte%aP’?'Ehoﬁ"Phéé@P&HHPtil Bifala rwdtre s are
added i 5 meshi tsditeeranooiled t dntbe a nppegant having! W i DengDEIEEINEING

{ ﬂg n c ‘;g'n . aggﬁx%g? I”JSHE?: Séliirar' L1 ement pBERY bl bR UR! aRGd Yd" th' O
P longitudinal axis thereby forming a bale and is described

in detail in U.S. Pat. No. 5,431,890 ;ngorporated herein.
such individual elements are similar in appearance to link
20 "sausages". o
The flexible, semi-rigid open meSﬁ tubular element
filled with a particulate catalytic matégial preferably has
a fastener every 1-12 inches along thef;ength of the tube
to form a multiple link shaped catéthic distillation
25 structure. The links formed by the fasﬁépers may be evenly
or irregularly spaced. T
The bale shaped catalytic distillation structures are
formed by placing at least one tubula?mélement on top of
the wire mesh screen, such as demister;ﬁire, in a diagonal
30 array, such that when the wire mesh séfeen is rolled up,
the rolled structure provides a new an@aimproved catalytic
distillation structure. Further eﬁbodiments include
multiple stack arrangements of alternating wire screen mesh
and tubular elements that are rolled Lnto a new bale shaped
35 catalytic distillation structure. The' tubular elements on
alternating layers are preferably arrayed on the wire mesh
screen in opposite directions such that*:heir paths cross.
Each tubular element will define a spiral within the bale.




conprises at |least one plurality of flexible, sem-rigid open nesh
tubular elenments filed with a particulate catalytic materi al
(catal yst conponent) and seal ed at both ends, intimtely associated

W th and suppgbisgsdy a WI re 15 mesh screen coil ed i Nto Bepkdrbspavi ng a
| ongi t udi nal axis, said tubular element being arrayed at an angle to

t he | ongi tudinal axis thereby fornmingsa bale and is descri bed
in detail in US. Pat. No. 5,431,890 incorporated herein. Such

i ndi vi dual el ermmér aeerﬁ&:ﬂiixi-@é khowApdar atlhe aetl inmdy 2Pe usefaUARPESas
The flexible, ::?gr%& a{res‘@o tlllulalzihag.,sgei,ngz&ﬁaglt:;f‘1 filled with
t b1*

a particulate c%’t%ﬁ prefera §tener every 1-12
i nches al ong the I'@?ﬁgt‘?ﬁ“eﬁll’ﬁ#e Wnent “aYotFBPnF&Vﬁﬁﬂl ferms i nkInhthed

cat albyt ic dist Iéés?él@ﬂ BErtulsade Wstalytie miatexrihd) rrgdnbi‘aihﬁ t oo te@ierf
may be eve r al e catalytic
di gt i1l ati g st%cf'ﬁr &? gggti % y@éx?rﬁeg}éou%q a‘(:':lvﬁdge ' eas?'?‘tbﬁogsﬁ% g

el erent on top pdrous conkainere snah sereeneesuvﬁaras genboil ¥menic emesh-
di agonal 30  affdymateieinil haded\hed hbRe Whée BBfbaShéreiud® & i RertPro

the rolled strugture provides new cata

distillation C’P cf%&tants Iﬁf‘r%[ °|"ﬂ[l§885| %gl g % F\é@@ﬁ SYSEEm;t ¢ | ﬂ’%
stack arrangeneseEeest wirermayi he mlmiatmeeﬁtﬁﬁl;h Stalnh?-ﬁstebeehr and

el enents ghat agie r phked | e apdl%&aln&sﬁhw e nyfaﬁal ¥Ef£oﬂ“ sk }éé@tlon

structure. The_tubul ar eI enen er abl

ig . ernatin aym gg
arrayed on the WR¥ Foresh-e-s §}‘éq1?npc?gb'8§ﬁe Bi relg | AVERgt iEhelr
pat hs cross. softenimg,ulbufar ®elting temperatbrechighsy thlam\idDbic R, t tize

bal e. éﬁbe&@b&%ﬂaf the catalyst bed during the reactlon. The
PCT/ US97/ 02822 ? O he

structures knowhesth ?ﬁet%?adrfaxpﬁfe iRehy of the Baterial jpsed OE%dm?]ﬁe ke
Pat. No. 35443, &@raimersigisugh(that the catahpstais|xattainedptherneinwand ake

several forms. ¢ heot pasgasa;fﬁug;ar fheu! Bbénfﬂé@' Viird Ctmt Shhebrial,

Ig(ra]n:r ally frQml(é.'l(.)*l:ht::ugh ”{ﬂe caataqust prgptq% est r&rfou QO\QP?[ mmI Ss:Lezrladgrs ed
powders may - be used and particles up to about 1/4 inch
diameterx may be -employed in the containers.

20 The catalyst ‘is activated by a suitable step wherein the
impregnated _____1_n__e_1:a1 is converted into a catalytically active
form. This activation may include alloy formation, proper
phase orientﬁtion of the metals and/or an adjustment in the
oxidation level of the metals. An activation step may

25 include a typlcal reduction process.

' In the p___r,_eferred activation step the atmosphere in
contact with.ﬁél;he___catalyst is hydrogen which is fed over the
catalyst at _:_:in__ elevated temperature in the order of 200°
to 600°C for.l__..._périods of from about 45 minutes to about 4

30 hours. The Sbét:ific conditions for reduction are dependent

upon the partlcular catalyst composition being activated.
Prior to - the activation step, the catalyst may be

optionally _c_alc:.ped. The catalyst is heated to

temperatures in the range of about 300° toc 500°C for 45

35 minutes to about 3 hours or more. It is preferred that the
calecining be. carr:.ed out in air,

As :.nd:.cated above, the amination of alkane derivatives
is a process which has been extensively investigated and is



porous contai ner such as screen wire, or polyneric nesh. The materi al

used to nmake the container nust be inert to t he reactants and
conditions in the reaction system The screen wire nmay be al um num
steel, sta Frn teel, and 10 the |ike. The pol yner nesh nmay be nyl on,
tefl on, glg&su% 534 fibers, i.e., silicate polymer orF ¥

having a softening, e g., nelting tenperature higher than 400[err}F
't he tenperature of the cat al yst bed furi ng the reaction. The

mesh or threa@mepoeﬂﬁéneédtm € G - Uakd tqh@a%satﬁfo&%?n&%& ner is

.such that the cata IS retail ne eln an
through the Sﬁenﬂi‘@]s priogesg cto pacgur,) are qe“eAF%%ud‘H‘Otwﬁ’e E‘a‘ﬁalafﬁ

particl es of pbeuicﬁlaﬁlmspéxmmt upon fEavistsivitny die tise damithtim | Cl es
up to about 1/ by At aneter may be enployed.in the containers. 20
The catal yst 8§ a Tvate ds%y a suitable step wherein the | mpr egnat ed
netal isSconvert &he; mnatéaeapft idfobplacrinyelves a raaptipm Pafsieepat i on

may i nclude akinfgniar andi abcopsDpen the pre&mﬁfe it enjdridgen @flasthe Tt al s

and or an ad) USLORDEL) Nabifacion pRSLAA | Ohhdsee) o t#mg;t,%tion |

activation st uct ion
t he pref erreddewﬂrmmwo%tr(ﬁ?qm@nétmg' ﬁemechanlsm of theseManiious the

catalyst is h!‘d&@ﬂﬁ&nﬁ"‘h&h Ib‘éeheéxeaﬁélwfy discusgahialyStnatl bRt ed

t enpera yre in t% olgells of 200 t,gnGOOL %Cfor erlodg gf from
about 4 m nuP8s PJUsssare NHuFEYen TRE S%’e ﬁ‘&'ﬁl fgo¥ oS
reduction areseepeﬁdeﬁtsequenmpénsﬁﬁnsg)art i cul ar catal yst conposition being
acti vat ed. R~CH, -0k | &L~ R-idHe0 acabvat ion step, the catal ystpangy be

optionally calci ned The catalyst is heated to t enper at ures
I n the range of about 300[err] to 500Herr]C for 45 35 m nutes to about 3
hours oRSnore. aﬁg—;{erred t hat the calcining be carried out in
air. RsCHﬁ'aut pove, RefH ani dat A OF Alk¥he derivatliddes
s a process which has been extensﬁﬁhﬂ i nvestigated and is WO
97/ 35834 OH PCT/ US97/ 02822
20 /
R-CH <==» R-CH=NH + H30 R* = H 131
\
NH3
25 R-CH=NH + Hy <+~-» R~CH,-NH, 14}
. Ni;
/ :
R-CH=NH + RNH, <--» R-CH . (5]
30 - \ :
NE-R
NH;
/ e
R-CH 4~-» R-CH=N-R + NH; (61
35 \ .
NHR
R-CH=N-R + Hz <= RCH;-NH-R {71
40

The first step in the amination process is a reversible
dehydrogenatlon of the alcohol to give an intermediate
carbonyl ([1]}. The aldehyde is then .converted to an
aminocalcohol [2] by reaction with ammcnia or an amine
45 present in the reaction mnixture. The aminoalcohol then
loses water to form the imine ([3]. ;_l_:'___t_;_e imine is then
hydrogenated to the amine ([4]. Formulas 5, 6, and 7



wel | docunented in the prior art. The. reaction conditions for the
process to occur are generally known but are particul arly dependent
upon the activity of the am nation catal yst present. 5 The

amni nati_on 0, 06.478 QI s involves a reaction between - am%ﬂls ﬁl cohol

I n the preserice”of hydrogen gas. The catal ytic am nation process

consi sts of hydrogenation and dehydroggnat I on reactions. The nmechani sm
-of these various reacti ons have been extensively discussed in the

iterature 10 413l et bk ihle preitits! riedn LRt Lonse R g as
_series of sequentia steeps_. er rl]l_l . pi OH 15 "
I [err] the iptermediate imine [‘é’r‘-‘r’] _amxr%qiﬁ or amings pregent in
[err] [err] tn4 afedctiienr pixture. The first step in the am nation process
Is a reversible g +fiehyd28858 i HbwialiherabaeBlopdshal RadRibA! SESFSI at €
carbonyl [1]. The aldehyde 1s then converted~to, an am noal cohol
[2) by refcti Feii FRVERASPAIS: omDEn WRTAFIAD O, TRAGTIVE, Q% CREALYEHM
m xture. Theg fytiinQaltdeholliidaenin anl assierstianding. foff nthéeprithotpies .
The imne is tggébciated with distillation. First, '._éecause the reaction
is occurring concurrently with disﬁi;ii‘ation, the initial
reaction product is removed from the reaction zone as
10 quickly as it is formed. The removét;_l;- of the product(s)
minimizes polysubstitution, decompositiéj) ‘of the product(s)
and/or polymer, Second, because the organic aromatic
compound is boiling, the temperature of the reaction is
controlled by the boiling point of that component at the
15 system pressure. The heat of the reaéﬁion simply creates
more boil up, but no increase in tempéggture. Third, the
reaction has an increased driving '"f__'_t_fcrce because the
reaction products have been removed and cannot contribute
to a reverse reaction (Le Chatelier's Pz’?-}inciple) .
20 The present invention carries oujl_-:_:.-____ the method in a
cataly_ét packed column which can be apﬁi;eciated to contain
a vapor phase and some liquid phase as in any distillation.
The distillation column reactor is ope;'fa'_ted at a pressure
such that the reaction mixture is boi_-_i_ing in the bed of
25  catalyst.
The present process operates at overng’_agi pressure of said
distillation column reactor in the range between 0 and 300
psig, preferably 200 or most suitable 35 to 120 psig and
temperatures in said distillation reactigén bottoms zone in
30 the range of 150 to 500°F, preferably 250 to 450°F, e. g.
300 to 400°F at the requisite hydrogen ff;'artial pressures.

The feed weight hourly space velocity. (WHSV), which is

herein understood to mean the unit weigh‘fl; of feed per hour

entering the reaction distillation colu:iij_a per unit weight

35 of catalyst in the catalytic distillatiéh structures, may

vary over a very wide range within the other condition
perimeters, e.g. 0.1 to 35.

In the current process the temperaturé is controlled by



hydrogenated to the am ne [4]. Formulas 5, 6, and 7 WO

97/ 35834 PCT/ US97/ 02822

9 illustrate the possible products formed by a reaction of t he
i nt er medi at 3047% W th anmoni a or am nes present .in t he reaction

m Xt ure. the equations show all of the proposedPGéERTPIR st eps

5 are reversible. The operation of reacfjve or catalytic .
distillation lies in an understandi ng of t pri ncipl es associ at ed
with distillat s ear

concurrently w 6‘?& dtl'lsdtdl St%haet [ onwgﬁera:%m Iﬁﬁ%hoﬂressure t%o%ﬁgltéodﬁ’@?'tllgl

renoved from t YRPEFAGIGH ?Jné:h&s rfﬂ""tla{]l Bixtuzg. | (The; exptheynic mpat
removal , of thefpredcttion) is thusi ndbéshsated yBybatilid Ulaeant daeEOsEL i ON

of the pr oduct‘ga?onzat ogndé)f)r +R8! % Seqpa d"’al%%%‘?ﬁ%er%%%% an| C

aromatic ound 0i I'I'ng, e terrperat ure
control | e¥ by 1'taﬂfée’boﬂﬁ ngVEENARAD "’!’TP&t acolpshéan REt Hdels conglpgsgme
pressure. Thendteatiadf cohdensadtamd ﬁatmin)edcteatns column Hy Qe@hk up, but

no increase in tegper a&gt;,%wag'gi rgl u}l%%n gact %avehas 41%%% ased

driving force because reac ucts and
cannot contri Andensation, within, the eﬁ?i‘:&ﬁr( L@s Chis elﬂqmiad Pihncampye) .

20 The prefsarilaitivaot | Che edhthes oBUthd heontiinaaty lllaum withfhal yst
packer, oRb U™ U bk BEoIBEECLILENLA: RS thanater, o ARLCRIRRES 2"

some |iquid phase as 1n
reactor is opdihf vy °%Ffpr%§%uﬁem°nia withint the treaqtden i brmmwtamda i's

boiling in thedtthpfe?d teahsferst.of the E&c&ﬁeﬁenhlﬂtefésstepeé@é eS at
over head pres ai stid | ugnjreactor .in the ra

bet ween 0 and%l%ﬁ sqlte,s prgteraém?} q"lh ti%ﬁl ngflgn%%“?d“‘l psi g
and t enpétfat 19P8§3FH°§a| ¥espkbs | 1im | Sher eﬁ%ﬁbﬁﬁ%t conversieni mrgD

t he ranges of Jéi(letcm&(i&&erdf] Reher ehetaht yp258e§9 459[%'1'1]055 &hed- lower 300

Lo andteei rya,é,pac Gefchiriib? § Wé?f s DAl ' Ala ot HdhBiratures noted 2®
urther beneflt at this reaction may gain from
catalytic distillation is the washing_ effect that the
internal reflux provides to the cateliét thereby reducing
20 polymer build up and coking. Internal reflux may vary over
the range of 0.2 to 20 L/D (wt. 11qu1d just below the
catalyst bed/wt. distillate) and give excellent results.
Hydrogen must be supplied in at 1east stoichiometric
quantities. The molar ratio of ammonia: to aliphatic alkane
25 derivative is preferably at least 1:1. --:=Hydrogen should be
present in the molar ratio of about -"h'-' 1 of hydrogen to
ammonia. The amount of hydrogen gs present in the
amination process of the present 1nvention is not critical.
Usually, hydrogen is added in an amount sufficient to
30 maintain the catalyst in an active state. A preferred
amination process is carried out where the hydrogen is
present in an amount wherein the hydro 'en to ammonia mole
ratio is greater than 1 and preferablz_ ess than the ratio
1000:1. '
35 In the amination process of the pre ent invention, the
alkane derivative starting material s reacted at an
elevated temperature with ammonia iﬁi_the presence of

hydrogen and the catalyst. The téi_l_iberature for the



herei n understood to nean the unit weight of feed per hour entering
the reaction distillation colum per unit weight 35 of catalyst in the

catal-ytic distillation structures, my vary over a very w de range

W thin the okBess@aendi tion perinmeters, e.g. 0.1 to 3Spcyrmsemes! N the
current process the tenperature is controlled by WO 97/232§834 :
PCT/ US97/ 02822 11 - 10 operating the
Teactor at a given pressure to allow parti al vapori zation of the

reaction m xturssactiion exépdifisni Gpdwaithe partifculeact sedrtimy t huterial,

di ssipated by t J at r'lépc}]jtg t ] " Jdhe
vapori zed port i%ﬁtllog’ %g ﬁ?gkgﬁésésan%vééﬁga ang'ﬁ&' ggﬁ%éﬁ%g?y cH‘ue
condensi bl e the eatadyat v8fRiensed and returned to the col um as refl ux.

The . downward f| chiengmmbhijai émpletetedn tHdi ftéacmtion may beoaHRpafdbwd ror

within th r 0 I or, LN_ea l,st.lhlatikon. The
cont act of gt hquaynaéeor%t%ﬁ& Is?“c?&?da&gpﬂltﬁ 36 QXFﬁ’é'coPﬂkn%B#Sﬁi ﬂ@gr%%ﬁﬁq ent
mass transfer fintadi $bel vieaction nixtungdwigdn the cammonia wshhubdt he
reaction |iqui eoiildereda wREACHbACEEsidd BISTtdle rdfactlibf iEcavhlwitedipyf Ure

to the catalytic sites. _Jt i.s ought fhat .this condensing node
of operation retglﬂ Péﬁsﬁn?ﬁeoéx'{:aeﬁﬁreﬁf‘ é:g‘ﬁvgf'g?.%rf“%d‘rfs sel ectivity of
the instant procedorandlyl | the precesseis run inhgr eyosspaet| ammenizs tur es
and react9p tengyidlelrRackebRE. with amflohid (Hfd AGVChh!ahind fhdsedteas] i on

may gain from catalytig . distillation 1is the washin ef fect that
t he i nt er' ™8 "?e@ﬁttgfxpf“gﬁﬂﬁg‘to Sﬁg ot gf"ﬁs?‘e?ﬂ%rgty RIS B
pol ymer buil d wieddd ebkithe desiredakliphatic n@lkydapineerproductthe mange

of 0.2 to 20 L/dydedls olti Sithéhid Hayo®eOprbiént. catal yst bed/ w .

distillate) and giﬁ\ﬁg*&xcel ler%i resu en nust be supplied

| ts. dro
in at | east stoichion8t fRna qrhegmﬁefﬁsglofﬁ&e%e %nFaH‘BeB 1 € to
al i phat i c1%l karRmm@phia ghpuldt becpresentfin &5 ampunteatt least edryifradipnt
shoul d be Y exe  igtoibRiSREEFid Aldmoudft aR@dhited ObyhyEh@Je N iahe
anmoni a. The dear%%@tivemre% ra%g(.an g%epraeglggﬁia ! ghct:\rt]fd preferably be
present in an amount between 2 times and 30 times the
stoichiometric amount required.
20 Referring now to the figure there is shown a flow
diagram of one embodiment of the invention. N-butanol is
fed via line 1 to the distillation column reactor 10 at a
point above the catalyst bed 12 containing the catalytic
distillation structure. Hydrogen is fed via flow line 2
25 and ammonia via flow line 3 which are combined in flow line
4 and fed below the bed 12. Overheads containing the
cyclohexyl amine and unreacted n-butanol, monobutyl amine,
ammonia and hydrogen are taken via flow line 5 and passed
through partial condenser 20 wherein the condensible
30 materials are condensed. The overheads are then collected

in receiver/separator 30 wherein the hydrogen and other
uncondensed vapors, e.g., ammonia, are separated and
removed via flow line 11 for recycle (not shown) if desired
to the hydrogen feed or at a point below the catalyst bed.
35 Product monobutyl amine stream is taken via flow line 15
(for further separation of amine from water and butanol
(not shown) and a portion of the condensed overheads is
returned to the dis'tillation column reactor 10 as reflux



am nation process of the present invention is not critical. Usual |y,

hydrogen i s added in an anmount sufficient to 30 mai ntain the catalyst in
an active state. A preferred am nation process is carried out where
the hydrogefobfizsgss Present in an anount wherein the hydk en to amoni a
nol e ratio is greater than 1 and preferably less tha HEME2 o

1000: 1. 35 In the am nation process qf, the present invention, the

al kane derivative starting material 1is reacted at an el evat ed
tenperature wikhfliewmbine 13.n the presence of ' hydr ogen and the

cat al yst The r r r.the 35834
PCT/ US97 / 02822 Bo{:@m Q}E Q:akeg via flow line sllzmcl9 p°F§&8f‘| d‘ﬁ"e

depends upon PRESEAr EhEoRah Eehkeilery 4fit%e ibdlance heatytfars tife raxdatmant S,
and nost i npoabant ke bBEtdmﬁlcbﬁnaﬂﬂ:trlbutylhemfﬂéﬁ|M&tp6EE¥$n of the I'he.
anmoni a gnpl o t C a r cqntain smal |
anount s g’f m?ggtbﬁgﬁ%sé Lé%?c@ ‘plga 2 f’h’f 0% h%olf e%?ﬂ‘?/ Lt e

wi th the ammopHPRORY agdne. Thegn sumeyndy ﬂﬁewml botbéms herildact i on

i s eval uated Bgpend on ttihe @ee3eBacpAGAEE @) .i N rehehbi Efibﬁ%ﬁ YWine is
ensur e

Normal |y, the _progess is rungin an excess of a o
reacti ons wi tﬁgﬁnéﬁﬁf‘ﬁeinﬁrﬂg\m%no n&CpPEER L P H:he rebaijer; bottions
m xture. Thi 8resreturpednsooftiaealimy asenecessany etd nhihbeiﬂeth&ed

al i phat 1o al kyb&gt6h NE&Hlitions And the BYpafse ofs: %Eﬂw& e *i‘inBr Ese”t
In the am natg Fgrocesses of..t he present Fventlon

shoul d be preSent Tn OO 3 o ATHRES, 2EGu Bal %?Eget Pr°°1"(5’tst'hé'hen a
st oi chi onetr | bottoms ridraw cyis r&kpw bline B is|prowided to goeiveati vaild

react ant . 46 ofTRAkanghoiedl, PuLEE & Yndfor portidn®elene" B0 iE‘fBg”t
bet ween 2 tI\T\FS and fimes the ﬁtmg |orretr|c anmount require 20

O
Referring no %tm?sh ‘H"&hr’é tHred ke o istiljption °°&P&§r X@rctoBne
enbodi mdAt of vikeline/@ntion. N-butanol is fed vialine 1 to the

distillation colph® resst91148i8h 2column reactor is provided with
rectifying section 14 to separate unrea_éi:ed n-butancl from
the product and stripping section 16 Eo insure that no
butanol or mono- or di- amine product is removed as
20 bottoms. In this reaction azeotropes. are formed between
the water by-product and n-butanol feed and the amine
products as described in the TABLE I.

TABLE I :
COMPONENT B.P. (°C) AZEOTROPE _AZEOTROPE
25 . ¢y [8¢)
OLE
a) n-butyl amine 77 75 28
water 100 2
30
b) di n~-butyl amine 160 97 50
water 100 50
c) tri n-butyl amine 214 100 18
35 water 100 , _ 82
d) n-butyl alcohol 118 92 58
water 100 ' 42
In the following examples a twenty five foot tall one
40 inch diameter distillation column reaci:ér was used. The

catalyst used was Calsicat E-475 SR, 56% m.ckel on alumina
in the form of 3/16" spheres. The cata;ygt was packaged as



poi nt above the catal yst bed 12 containing the catalytic - distillation
structure. Hydrogen is fed via flowline 2 25 and ammonia via flow |line
3 which are conmbined in flow line 4 and fed below the bed 12.

Over heads conygistisgasy t he cycl ohexyl am ne and unreact ggrisshrol
nonobut yl[ am ne, ammoni a and hydrogen are taken via flow line 5 and
passed t hrough partial condenser 20 wheyein the condensible 30
material s are condensed. The overheads are then coll ected in

recei ver/ separ atsirx 3gchhong nby he. 15y dnohe diametex Hgausages"uasodesmsideed
vapors, e.g., anRfedyrapfed WHHIRMD Hedh stainled®\idedi ackbaw,!ine 11 for
recycle (not shown) if desired to_{ %dgogen feed or at a point

bel ow t he catal yst bed. 35 Product no mne streamis taken via
flow-1ine 15 Ifnf thisuexémple dpdr pound of tine MY ¥6'0Calsticat aked TRItSROI

(not shown)gand &sR0n¢i qlm%lgwlﬂu%\ée%géﬁbéé %ovge”‘gf%g{l@fék& 0

the distillation colum reactor Can s
PCT/ US97/ 02822 into the middle 10 feet of the distillation colupnreagken. ne

13. Botthestepe dmkebottenf |700\8 | feett werd apackéd Owithe ceramic

passed through rghail.er I@ﬁ t ~ERA: ﬁgﬁc

bottons contain tri ll%tg)ﬂ 42#%%% g‘?‘ﬁq%?{ 8{59‘?%% qr‘gg?tegﬁ%tﬁn%%e%%
recycled via fl dpn RXE Shewp %rﬂf#ﬁ dF-to monobut yl ani ne. The
amount of 1ecycled bottons wll depaBUEOITI t he desired product(s). If

the tributyl amign fare 'lb%}}ﬁ.)desi red product only so nuch of the
reboil er bottons aré reéturned to the colum as necessary to nmaintain

the 10 reaction ®cBYERN®hs and the bal ance i strenoved %ia |ine B.
| f the nmono- or di NHgnmines are the target produgis, theniaz bott ons

draw via flow |i P@mh ﬁ&d .phevent bui of the heavi es,
with the najor p‘)jg’r% | on§o¥ @#e reb@%lg) boJ[(%boms bei zg returned to the
distillati¥bh colQVRRHERRCFBED RATE \(1ps/brd 9. 0.9 Thé distillation
colum react or BOTTOMBI PREDERATEM (Ubs/hr) rectidyisng seckoop 14 to separate

unreacted n-but G YER"BED TEMP. (°F) 280 290
PRODUCTIVITY (lbs/hr/lbs cat)
Monoamine 0.24 0.28
20 CONVERSION (%)
n-Butanol to Monoamine 17 10

The test was run for 700 hours resulting in several major
conclusions. Total production of amines was favored at
higher column pressure ie., 100 psig (first 300 run hours)

25 and also when the alcohol was fed at the top of the
catalyst bed vs at the bottom. Ammonia and hydrogen were
fed at the bottom of the tower.

Shifting of productivity in favor of one amine over the
other is possible via adjusting process conditions in the

30 column and feed ratios as discussed below.
Monobutyl amine production:

Mono n-butyl amine kBP 77°C) is distilled off the top of
the column as it is the lowest boiling product. It was
collected together with the water by-product of the

35 amination reaction and the unreacted n-butanol which is
distilled as an azeotrope with the water (58/42 ratio, BP
92°C). Monobutyl amine productivity is maximized according
to the literature by feeding a high ratio of NH3/n-butanol



t he product and stripping section 16 to insure that no but anol or

nono- or di- amne product is renoved as 20 bott ons. In this
reacti on azeotropes.are forned between t he wat er by-product and
n-butanol  §resh t he am ne products as descri bed BLE I
TABLE I ONENT B. P. AZEOTROPE MJMB

B.P.([err] O COVPCSI Tl ON 14

(MOLE %9 a) n-butyl am ne 77 75 98

wat er to thdOfeactor, e.g. in the range of 30to 6. [Th €his- buh Y|
am ne 160 5 te 0,

50 c) tIr'?th% nge llmlte% ﬁo q to 3100% flas also E%ug% %lqat

wat er faster 1 oughput rates of alcocholgjthrough d’:hg satalyst cohol

118 i.e. hJ.ghEB takeoff Wates at the top clf00the tower

42. | h
di anet er ?n st |#}Elté| (C)i# co u r’?&éﬁ%@#@it%&%@%%lé&é’ﬁr ft %k‘ §1°§EP E%%dl \r/]v;s
Cal si cat E- 4752mf0e semdvctkel Topieadl Avarhead di‘lﬁtiW‘F%mmsé)tiehsspher es. -

The catal yst V\Elslé)aCkﬁQEddﬁ&ing periods VQ@W:&’éﬁ%ﬂm monobutyl am.ne
PCT/ US97/ 02822 i nch | ong

by 0.75 inch RZAHSHoN HRES 15-233 meashylyd a’"‘“e'ab’o?/el% a‘bap%?f Wi 100

mesh st ai nl ess5&t#¥ nrpekyl alcohol. Other reaction conditdoneP| Ehdt
In this %arrplﬁ%&wqm&aﬁeaggraaa&lm;ﬁl&ﬁtt& 4170510531:3(5 amif@Swak On

| d d ddl
feot of PhePaigipis, Pistaddnd] S10Y pEe3. | O mopqryledy” selbel A vohe ot

wer e packed wd%%dam!@duct m@édmﬂssthel'y#%ﬁhl Smmﬂ%nt%bmlmff)n@teand
results for thisp of the column as the distillate, with only a small

purge (5-20%) taken off as bottoms draw to avoid buildup of

15 high beiling impurities in the reboiler.
This is the_,. highest boiling of the butyl amines (BP
214°C) and it always concentrates at the bottom of the
column. Controlling the reboiler temperature at 600°F, 90~

20 96% pure tri n-butyl amine was taken from the column as the
bottom draw at a productivity rate of 0.2 to 0.3 1lb/lb
catalyst.

If desired as a product, running the 'é_olumn with a lower
ammonia/n butanol feed ratio will increase the tributyl
25 amine productivity further. If not desired as a product,
reducing the reboiler temperature, and feeding ammonia
through the reboiler would shift the equilibrium toward
monobutyl and dibutyl amine production.
i n-butyl amine: =
30 This intermediate boiling amine by-product tends to
stay at the bottom of the column. If desired as a product,
it was shown in the run that by maintaining the reboiler
temperature at an intermediate range of -500°"F, 80-3%0%
purity dibutyl amine can be produced as the bottom draw at
35 productivity rates of 0.2-0.3 lbs/lb catalyst. |
The three amine products discussed above represent >95%
vield of the converted n~butanol. = Impurities of
significance 1dent1f1ed were about 1-{2% of ‘“heavier"



run are shown in TABLE II. 10 TABLE 11

FEED RATE (I bs/ hr) n- But anol 1 2

NH3 - 0.4 1.2 OVERHEAD PRESSURE ( psi g)
100 7 ERHEAD FEED RATE (I bs/ hr) 0.9  perusorns:
BOTTOVG® FEE%WIJ-’?iiE i | bs/ hr) 0.15 <0.1 CATALYST BED TEMP.
([err]F) 280 290 PROQECTI VITY (Il bs/hr/1bs cat)
-Monoanmi ne 0.24 0.28 20 .CONVERSI ON (%

n-Butanol to MyiaafeReboilinhg ahines thanl€ributyl Tdeirnedstimatshe Usottom 700
hours resul ti n%ri n sevegr% jQL GRaehYs aRs {qt afpdr o Heyy of
Pl ant G gRgr 2 8 ne -
g

‘am nes was fav her " col umm pressure-1e., 100 psig Irst 300
run hours) 25 disiidlatee when the al cohol was fed at the top of the

cat al yst bed veaghilae Dekéom Ammonia and hydrogen were fed at the
bottom of the tower. . _.._. hi fting. of gql%ﬁi ls [, N V. QRS

am ne overg t he W%°. S&PH&F‘?%“%oE%‘?‘E‘P%R% aig'{i Justi Sr%x'%}:%cgég ﬁ%%%%t 1 oNs in
t he -30 col urtheaiPof g Funpdengthi ofushig p¥petinent. Epshandd by ne
pr Odu]cct i on: noted thRBohparegen s was( BEssdd atditInuonsliysthiowsh aite t he
top o t he .col u as 11 1S e_l.owes ol Ling .3
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3. It was also found that faste put rates of al cohol through
the catal yst %Mi‘%lgg
15 The same apparatus and feeds used in Example 1 were

employed in this run. The main obj ective in this run was
to demonstrate the ability to maximize productivity of
tributyl amine and minimize the monobutyl. This was
achieved by:
20 a) maintaining high temperature in the reboiler (>600°F)
and in the catalyst bed (<300°F), and
b) maintaining the molar ratio of ammonia/butanocl at < 2.
These conditions allow all the by-product water plus the
unreacted butanol to be taken off the top of the column
25 with little monobutyl amine (1-9%). The bottom draw on the
other hand contains no water or monobutyl product and is
essentially >95% tributyl amine. _
It appears, also, that dibutyl amine at high selectivity

can be drawn off the bottom of the to__,v__r;e:r by adjusting the

30 temperature conditions lower, and_/pr increasing the
NHy/alcohol feed ratio. As an alt_erné{_’;__'e approach dibutyl
amine product which maximizes at the lower part of the
catalyst bed and could be taken of aé a side draw there.
If not a desired product it reaches equilibrium as it

35 converts to tributyl amine and it can be left in the tower
to maximize the tributyl amine product. Typical amination
conditions and result for this run are.”'s}';'_own in TABLE III.



bed, i.e. higher takeoff rates at the top of the tower 5 yield higher

productivity and selectivity of the nonobutyl am ne product. Typi cal
overhead distillate conmpositions in this run. during periods of

maxi mum nRpebyisgds am ne production were 15-25% nnnp{}p,h -024%% e,

10- 15% wat er and 50- 70% n- butyl al cohol . O her reaction conditions
that 10 favored increased productivity @f the nonobutyl amine were

hi gher pressure >100 psig. When nmonobutyl amne is the desired
product nost of the feed stream i S t agmLofrt the top of the colum as

the distillate. Jr f% purge (5-20% taken off as bottons
draw to-avoi d gw I h| gh boiling inpurities in the reboiler.
Tri n-butyl am ng—Butanol This is the hi ghe®-50iling%ef the butyl am nes
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i nternedi ate by- product tends to stay at the bottom of
t he col umm. |$8Wé$a pr oduct, it was shown in the run that by
mai nt ai ni ng t he nedutidanml to Trﬁhupﬂminaa at aA.enterne8 & e range of

-500[err]F, 80-90% puri ty di butmijmg can be pr oduced as the bottom
draw at 35 product i V|t of .0.2- | bs/
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about 1-2% ghe pdaAHIY to purify thd@3but§E3dmine product up to 95%

PCT/ US97/ 02822 urity. The bottom stream product of this amination

reaction is essentially >90% tributyl :amine depending on
process conditions. It was concluded the high reboiler
20 temperature caused decomposition of the amines.



15 (hi gher boiling anines than tribifyl amne) in the bottom

stream and 0. 1-0.2% di butyl amne int Mdistillate.
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(b) contacting the aliphatic alkane derivatives having
one or more functional groups, hydrogen and ammonia at a
hydrogen partial pressure in the range of about 0.1 psia to
less than 150 psia in the presence of a hydrogenation
catalyst prepared in the form of a catalytic distillation
structure thereby reacting a portion of the aliphatic
alkane derivatives with a portion of the ammonia and
hydrogen to form a reaction mixture containing amines,
unreacted hydrogen, water and unreacted aliphatic alkane
derivatives;

(c¢) maintaining the pressure in the distillation column
reactor such that the reaction mixture is at its boiling
point;

(d) removing an overhead from the distillation column
reactor comprising vaporous unreacted aliphatic alkane
derivatives, water and hydrogen and any lower boiling
amines;

(e) condensing substantially all of the aliphatic
alkane derivatives removed as overheads from the
distillation column reactor;

(£) returning a portion of the condensed aliphatic
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17 The inve I a| rocess for the amn
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al kane deri va‘% havi ng one or nore functional groups, hydrogen and

amonia at a ydrogen partlal pressure in the ran%e of about 0.1 psia to
| ess process according to wherein the

functional groups present may be on the primary, secondary
or tertiary carbon atoms.

6. The process according to claim 2 wherein the
functional groups are selected from the group consisting of
hydroxy, amino, imino and combinations thereof.

7. The process according to claim 2 wherein the
aliphatic alkane derivatives comprise an alcohol.

8. The process according to claim 7 wherein the alcohol
comprises n-~butanol.

9. The process according to claim 2 wherein the
catalyst comprises a supported Group VIII metal or metal
compound.

10. The process according to claim 2 wherein the
catalyst comprises a Ni supported on alumina.

11 . The process according to claim 2 wherein the total
pressure is in the range of 0 to 300 psig.

12. The process according to claim 11 wherein the total
pressure is less than 200 psig.

13. The process according to claim 2 wherein the
hydrogen partial pressure is less than 100 psia.
14. The process according to claim 2 wherein the

temperature is in the range of 150 to 500 °F.

15. The process according to claim 14 wherein the
temperature is in the range of 250 to 450°F.

1s6. The process according to claim 13 wherein the
hydrogen partial pressure is in the range of 0.1 pisa to
less than 10 pisa.



than 150 psia in the presence of a hydrogenation catal yst prepared in the
formof a catalytic distillation structure t hereby reacting a portion of
the aliphatic al kane derivatives with a portion of the amonia and

hydrogen to wdéeyassa reaction mXxture containing am nes, ungeag %’g@ 2
hydrogen, water and unreacted aliphatic al kane derivatives an f)ﬂ)2

fractionally distilling the reaction m xgMre. 2. An am nation process
conpri si ng: (a) feeding aliphatic alkane derivatives, hydrogen and
amonia to a distillation colum reactor; (b) contacting the aliphatic

al kane derivatives having one or nore functional.groups, hydr ogen and
ammoni a at a hydr ogen partial pressure in the range of about 0.1 psia to
| ess than 150 psia in the prese?ce of a hydrogenation catal yst prepared
in the formof a catalytic distiylation structure thereby ypacting a

portion of the aliphatic alkand derivgti vegowith 3 n & 4he ammonia
and hydrogen to forma regction n‘ixture—eg%tla-i-ai-n-g am nes, nreact ed

hydrogen, water and unreacted al i phati c al kane derivati ves; (c)

mai ntai ni ng the prespare—+a—tHe—disiillation colum t hat the
reaction mxture is ht its boiling [eporm; (d) ver head
fromthe distillatiofrTtorumm T1eacfor conprising vagorous unreactjed

al i phatic al kane derivatives, watpr andjhydroge#b and any | owef_iboiling
am nes; (e) cpndensi ng substpntial ljy all he al i phatic al kane

derivatives renoved a.s_mz.ednead.s.%amthe- i ;
(f) returningaa porfion of the conpapsed aliphatic

18 al kane derlxatl ) es—Cwhtectr—rrayl | M@l ude water and |ower bd@sing
am nes) to ¢4l ation colum feactor as
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reflux; and (g) withdrawing a product fromthe distillation colRgs.

3. The process according to claim2 wherein the aliphatic al kane
derivatives contain one to six carbons. 4, The process ;,, ng to
claim 2 wherein the aliphatic al kane derivatives have at 'I'.'ﬂ"v‘.':‘ e of the
functional group, abl € of vaRigTH @PHACRGrERYY GROANZNTOR gr OUP. S
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partial® @%‘w&ggﬁg W ﬁgﬂ 14 OA SNr e M B 88 IP9MR0r di ng to
cl ai m R whefs errperature 's 1n t @ range of 150 to 500 [err]F.

15. The process according to claim 14 ywheblishdn t he tenperature is in the

range D‘f”?’ﬂ;ﬁf‘p“ﬁg’ jadss (gs)" ARG, BT br oc e ¥4 BerrasraisaEt ¥R ¢l ai m 13

wher ei p&a&,{,,ajxmro yire 1slin the range of 0.1 pisa to |less

t han 1D P
V] )Agent: JOHNSON, Kenneth, H.; P.O. Box 630708, Houston,
TX 77263 (US).

(54) Title: AMINATION PROCESS
{ (57) Abstract

A process for the amination of aliphatic alkane derivatives such as alcohols (mono and polyhydric) which uses catalytic distillation
to take advantage of the condensmg distillate within the distillation reaction zone in the distillation column reactor. The operauon of the
distillation column reactor results in both a liquid and vapor phase within the distillation reaction zone. The catalyst is prepared in the form |
of a distillation structure. The reaction is carried out in a distiilation columa reactor at & low hydrogen partial pressure, e.g. in the range
of 0.1 psia to less than 10 psia.




