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BACKGROUMD ARI46ké¢ i s known that hexanet hyl ene di am ne ( HVBYT/@waem/13¢59made by
a process in which butadiene is hydrocyanated in the presence of a nickel
catalyst to yield a 10 reaction product that contains adiponitrile (ADN),
and the ADN is hydrogenated using an iron-containing catalyst to yield a
reaction product that contains HVD. It is also known that the

hydr ocyanati on step can be carried 9 in the presence of certain
phosphor ous- cont ai ni ng pr onot er con?,: LLls  such as tritol yl phosphite
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| ead to the production of certain inpurities, such as

2- cyanocycl opentyl i denei m ne, ghiekiGROEND ARRcult to separate fromthe ADN
by 20 distillation. One way to address this problemis to treat the

ADN- cont ai ni ndt isykapwoyhai dekanethelane diemins (GAIPY canl hemedomea processinert t he

i npuriti . e easi| sepasrahbl e conpoupds. . The ozone .tr.eated

hydr ocyaﬁwzlplg%%&[rgélg% PPN’ d%orcgec‘ft?g?d’ 161%6: ?rﬁ%eﬁg% 8Pa Bﬁ*g?]ﬁagagysg?}) %T@r‘?dar d

i ndudior i atadtieh hesicsthetcortaitiediisintilOAINY afd id ADN ik BfdropaitedCanadi an
Patent 672, 712. 25 Published Inﬁr_ nat 1 onal Patent Appl ?gati ons WO 00/ 03972
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hydr ogenat ed tp; yi el i t i L ADN, HVD
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react i on gffcoriain phosphdromscontainttl poMokes compbuidseshich as tritelyh phssphaanat i on
reactor. r&&g) gr?({t%act ed ADN cggscggedtreat ed, if desired, 30 vmthsozone,

anong ot e more recently monodentate and bidentate compounds.
15  Patents 3,496,215; 3,496,217; 3,496,218; 5,512,695; 5,512,696; 5,523,453; 5,663,369;

5,693,843; 5,723,641; and 5,821,378 describe some of these monodentate and

bidentate compounds.
The hydrocyanation step can lead to the production of certain impurities, such
as 2-cyanocyclopentylideneimine, which are difficult to separate from the ADN by

20  distillation. One way to address this problem is to treat the ADN-containing
hydrocyanation reaction product with ozone to convert the impurities to more easily
separable compounds. The ozone treated hydrocyanation reaction product can then be
purified by standard industrial methods such as dehydration and distillation. See
Canadian Patent 672,712.

25 Published International Patent Applications WO 00/03972 and 00/12460
describe methods for producing HMD in which ADN is hydrogenated to yield a
reaction product that contains unreacted ADN, HMD and aminocapronitrile (ACN).
The HMD and ACN are separated from the reaction product, and unreacted ADN is
returned to the hydrogenation reactor. The unreacted ADN can be treated, if desired,

30  with ozone, among others.

Published German patent application DE 19636765 A1 (1998) describes
processes for removing phosphorus-containing compounds from ADN made by the
hydrocyantion of butadiene. These processes are said to be useful for decreasing the

deactivation of iron-based catalysts which are used to hydrogenate the ADN. These
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Publ i shed Gernman patent application DE 19636765 Al (1998) descri bes
processes for renoving phosphorus-contai ning conpounds from ADN nade by the
hydr ocyam® om4sp6 but adi ene. These processes are said to beCcD®EséwA5439%r
decreasing the deactivation of iron-based catalysts which are used to
hydrogenate the ADN. These -1 WO 02/24626 PCT/ US01/25459 processes involve
distillation of the ADN, extraction of the ADN, treatnent of the ADN wth
base, andregesses mewlveodistilheioADRthesADIY, eudmotibmbf)ﬂhe aDNhesmedtplilen. Iron is

a known c | yst, for t r thi t.he synthesis of amonia, 5 which
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can att ackemisallgbpitiihg &t tPBOSPEIOMBMS to prodiad 4 JoCaHliRd shikldedl StrudtiteWh t hat ozone
can react with triphenyl phosphine to produce the corresponding oxide in
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and tlbeir degﬂﬂd&hb‘@ﬂ thot Ozhmtcanlaﬂadldlﬁlclebpﬁﬂlibbhwh% canpatinilagitigact i on
product. If this reaction Eroduct I s, subseq uentmsig1 hydrogenated in the
presence kB?WHFPqt PENCCBHTSAChIViHY tdrheaylphesphinedo p p%}e@agemp mg_?_ﬁ ult in a
di m nuti f t S ereis a
nead i norog TR SR, o Bl 18 ot o B A R Y B g T et on
pr oduct Q@l,rkchdemlcQPresst,i%bl lity to dinini sh the life of the

I ron-cont ai ni catal yst used in the ubse ﬁcﬁf hydrogenatlon step. BRI EF
SUMVARY OF THgﬂ herpus-Gontainipg I ﬁ%l’tdsg? YHecysnathe! Buiaddensi on which is

a pr esesgad Rkult LB pRABSde These ligands and their degradation products in the

resulting ADN-containing reaction product. If this reaction product is subsequently

hydrogenated in the presence of an iron-containing catalyst, the phosphorous may

result in a diminution of the useful life of the iron-containing catalyst. There is a need

in the art for a process for treating such an ADN-containing reaction product to reduce
20 its ability to diminish the life of the iron-containing catalyst used in the subsequent

hydrogenation step.

BRIEF SUMMARY OF THE INVENTION

This need is met by the present invention which is a process for the production

25  of HMD which comprises: (1) reacting butadiene with hydrogen cyanide in the
presence of a hydrocyanation catalyst which comprises nickel(0) and a phosphorous-
containing ligand to produce a hydrocyanation reaction product that comprises ADN,
organic impurities, catalyst, ligand and phosphorous-containing impurities, (2)
separating the catalyst and ligand from the hydrocyantion reaction product to make a

30 crude ADN, (3) removing organic impurites from the crude ADN to make refined
ADN, (4) contacting the refined ADN with ozone to produce ozone-treated ADN, (5)
removing dissolved oxygen from the ozone-treated ADN to produce ozone-treated,

deoxygenated ADN and (6) contacting the ozone-treated, deoxygenated ADN with
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25 of HWVD which conprises: (1) reacting butadiene wth hydrogen cyanide in
the presence of a hydrocyanation catal yst which conprises nickel (0) and a
phosphor v@#2/zpé ai ni ng | i gand to produce a hydrocyanati oRCT/@8e/a5es» pr oduct
that conprises ADN, organic inpurities, catalyst, ligand and
phosphorous-containing inpurities, (2) separating the catalyst and Iigand
fromthe hydrocyantion reaction product to make a 30 crude ADN, (3)

renovi ng lpdgaen in ihepaeseheso ffandrontdvataititg & ydbDbertatiomeitel ysetbipaeihce ADN, ( 4)
contacti rlg, the refined ADNg\nth ozone to mduce ozone-treated ADN, (5)
renovi ng YHEEERAIOR TE3SFI0R RIS hibEheonr 5ReMIdat ed ADN to produce

ozone-treated, deoxygenated ADN'and (6) contacting the ozone-treated,
deoxygenated ADN with -2 WD 02/ 24626 PCT/ US01/ 25459 hydrogen in the

presedce of an i rorDETEAtIEEm RESBRIPAFONGOFFHEINMVENTION produce a

hyd i d h TAlI LED DESCRI PTI ON
C]>é [I'a%elnal\llt/lEﬁrrll'l%%ﬁt ]F% eﬁ’fet% Pﬁ’tcﬁsf(‘:?gc ré’é%?ﬁea%%@é’él 126t ses reacting

but adi eneyyatdgen clj'é&ﬁ'd&&%eﬁﬁé@éﬂcé%fhﬂmk@@)@a%ﬁ%ﬁd@ bhésp Hbl%lﬁﬁﬂ (0) catalyst
and a phosphorous- containin he resul ting hydr ocyanation reaction

product icontinmligand. dihe rmaltltmg lmdsoqymt@dureﬂgtlmmod@atlalay@pctur@ﬁban| C

|rrpur|t|es rus 10.. con nd_deqr adati on
products. a|t?l al?g]tcﬁfél ngt&% C8ﬁ$&shofﬁ%§dﬂlg%{i alécgali’oégg?rg%n i s described
i n U3oPatwftaiss H%dﬂb@rad@ﬂ&%oaﬂ&s ’Bhe419ﬁer3§lv%,coﬁtaﬁiﬁh&ﬁﬁoro@@uoﬁ,ﬁ21 378,
whi ch are incorporated herein reference. The next steg in the present

process deapHen %Sé@ﬁé}ﬂaﬁ*ﬁ]ﬁa’f@f&ﬁ a1Y8215nt46, 4l d-49p2d B 1.AEZ.PIBR yanat i on
reaction ggQduct hﬁﬁ%ﬁ]ﬁﬁp 1 ljﬂs(?gnfb Peglggrpl ishing the 15 separation is

extraction, by action pro I's mixed with an extracting agent
such as cycl ohl&neaxaetstepnﬁhthhpresﬁﬁquddemompﬁswgepa&uag tanlgdt dnd 1Rapdir ate into

two phases, the catal yst and |igand tering the extract phase. The
ot her phafg%ntf@r gmfw%l&pée%a% produt. o gaieblerethed ragsamek H&the t he

presqrt RELEHT IS CRPLRASHY GHRH tRGreREtHRAYSalcFRUAixkH $fth an extracting
agent such as cyclohexane, and the resulting mixture is allowed to separate into two
phases, with the catalyst and ligand entering the extract phase. The other phase, or
raffinate phase, is crude ADN.
The next step in the present process comprises removing organic impurities
20  from the crude ADN to make refined ADN. Typical organic impurities include
unreacted 3-pentenenitrile, methylglutaronitrile, and ethylsuccinonitrile. A suitable
method for removing such organic impurities is distillation, which produces refined
ADN. Despite the removal of the organic impurities, the refined ADN still can
contain phosphorus-containing materials which are believed to be ligand degradation
25  products, which are believed to be detrimental to iron-based catalysts which are used
to hydrogenate ADN into HMD. |
The next step in the present process comprises contacting the refined ADN
with gaseous ozone. The reaction conditions are not critical. In general, liquid,
refined ADN can be contacted at ambient conditions with air containing greater than
30 0.1 wt% ozone in a reactor which provides rapid mass transfer rates. However, other
conditions of temperature and pressure are acceptable. Suitable reactors are an
agitated tank fitted with a gas sparger, a pipeline reactor fitted with a static mixer, a

tank fitted with a jet mixer, an absorption column, etc. The ozone gas is transferred to
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20 fromthe crude ADN to nake refined ADN. Typical organic inpurities

i nclude wunreacted 3-pentenenitrile, nethylglutaronitrile, and

et hyl sucovoon4eeé | e. A suitable nethod for renovi ng suchPOT/g&am/a5459
inmpurities is distillation, which produces refined ADN Despite the
removal of the organic inpurities, the refined ADN still can contain
phosphorus-contai ning materials which are believed to be |Iigand degradati on
25 pr oduchsliqmbiachrae thabssl doatrelibd tyy hessdmhsfermfromathe tas forthalidpad,ghe cat al yst s

which are used. to hydrogenate ADN intq HVD. The next step in the present
process 68‘1‘%‘1"?1%%%116&5%"3%3}?%5?1 elPﬁSSSF’étfa}q\gféHStﬂWeW'th gaseous ozone. The

reaction condifyeQpendieatl@teiicl WINAks thed 11988 i emdvedtd issolvedl | ned ADN can
be contacted at anbient conditions with air contalning greater than 30 0.1
Wt % oZonepxiygera Abervntovelwhhedzope-dreatdd sefimedi ADNess bt spargédwith aitergen However ,
other conditi ons of tenperature andalg))aﬁssufr are acceptable. Suitable
react or s Ar&mgRMCLJPHSRBT °Bah I PP e g e%g‘g‘é'gglbarger, a pi pel i ne
reactor fittedrnddeRt stesirpiht GrdbntProcess condiHses EdrfifFindihdoAnk-tRhted] XEr, an
absorption colum, etc. The ozone gas is transferred to -3 WD 02/ 24626

PCT/ US01/dzg3wgnatet ADN giithohysirogen raag empeata indhe piesensk loédn Bynmass transfer
fromthe gas.t.0 [ qui h reaction kn the ligui.-d phas i ng

essent i ol P il bitFanirdlof oS o BREGH ShtberlRone B ERBRISRER T ashed <o
renov@ t henthirsIolvedrie oxygenatioN dfaionalzbn@lryated ABDN@OREdidedaVBdsr ef i ned ADN
can be sparged with nitrogen or sone other nonreactive gas to-renove any

di ssol vedleastipgd in Ubriatenis#.98¢.8%5 1l 4.0@% bfesent process conprises contacting
the ozone-treajpg, notdﬁﬁﬁi)ﬁg?@ﬁé ﬁcthﬁ?r\y’ %&QFM%?I%E}(,%? LEfIRALR | N the
ydrogéna ys

presence of an iron- contdining I on cat {0 produce a

hy dr ogengthosphor@seiontainipg aciteeialstih die Hydraoyahationseadiion piddnchthdr copeaiat | on of
non-ozone treated ADN to produce HVD.is . described in US Patents 3, 986, 985
and 4, oeﬁh?%ﬁgﬁor‘?)ﬁiql ot °’§P§HW§&W FrepuuReHE tﬁ?lr%"ﬁ"‘ﬁa]ﬂli’}gcul ar theory, it

i's baki evsdrddeRltionRRLHARONQUATHEN bR @alTE BLR PeatDertRe tHOISfiMGY anat i on
reacti on product t hat ‘contal n .

ADN according to the present invention converts phosphorous in the +3 oxidation

state contained therein to phosphorous in the +5 oxidation state, the latter being less

injurious to the iron-containing hydrogenation catalyst.

20 EXAMPLES

Example 1
Effect of PII) and P(V) Compounds on Fe Catalyst Activity

The purpose of this example is to show that P(III) compounds are stronger

25  poisons than P(V) compounds for Fe catalysts used in the hydrogenation of ADN to
HMD. The ADN used in this study was made by a nonhydrocyanation route, so it
contained no phosphorous compounds. The hydrogenations were carried outin a 1
liter batch autoclave, to which was added 216 gm of ADN, 216 gm of ammonia
solvent, and 2 gm of Fe catalyst. The autoclave was heated to 150 C, at which time it

30  was placed under 5000 psi of pressure with hydrogen. The reaction was allowed to
proceed for 20 hrs, at which time the conversion of nitrile groups was measured by
gas chromatography. Three runs were made. In the first run no phosphorous
compounds were present, in the second experiment the P(IIT) compound tritolyl

phosphite (TTP) was added at a level of 20 x 10'® molecules of phosphorous / gm of
-4 -



phosphorous in the +3 oxidation state are injurious to the iron-containing
15 hydrogenation catalyst. It is further believed that the ozone treat nent
of the ra¥onmete2ADN according to the present invention coP@BUSEl/sMISphorous
in the +3 oxidation state contained therein to phosphorous in the +5
oxidation state, the latter being less injurious to the iron-containing
hydrogenation catalyst. 20 EXAVPLES Exanple 1 Effect of P(l111) and P(V)
Conpoundscaalyfigardainaheyhiird Aot theiR(Y) Sbrapgunidpcisgylghothiate (6)5{@@ hneas Ia&(éédof sh O\II:V
that P(111) co ds are stronger 5 poisons_than P conmpounds for Fe
cat al ystsa%’sl@?ﬂe iog%{)]ﬁemhy‘&P%ﬁ‘é‘ﬁ%\‘gf oS OIW%OfWStT&BCAWsted inthis

st udy mscdﬁ@%i@oﬁiﬂ%‘%ﬁﬁ@ﬁﬁ%&ﬂﬁ& #uflffsho% Hefow:coNt ai ned. no

phosphor ous conpounds. e hydrogenations were carried out ina 1l |liter
bat ch Jaut ocl ave, to which was added 216 gm of ADN, 216 gm of anmmoni a

sol vent, and 2 gm of .Fe catalyst. The autog¢lave was. heated tofbrSO C, at
which time it 30 vvaédgll%é(ﬁed under é%\@r%gq Bt predstiv aI&ﬁ"FT’F‘SFKO ogen. The

reaction was al |l oweghdec0 proceed fgf 20 hrs, at which tinme the conversion
of nitrile groups was neasured by gas chronmatography. Three runs were
made. In the first FUROno phosphor@ls conpounds 2ere present, in the
second experi nent tJilag P(IIT) corrpo%tpd tritolyl p&s)sphi te (TTP) was added
at a level of 20 x I_)L8 nol ecul es phosphor ous gmof -4 WD 02/ 24626
PCT/ U801/ 25459 catalyst, and in the third run the P(V) conpound tritolyl
phosphate_(TTPO was added at a |level of 20 x 1018 nol ecul es of

phosphor ols setifhos expesimanisthows fizat JdPde pmare nowerdilsatabyst peiser then gr oups f or

t hese thr uns Jd .5 i1 ' 09 Activity
Decr ease( %?P@h %ﬁleslug%fe%géqﬂgt_ltﬁ%hggﬁt&odl ofﬁdﬂl & ”f"ler\{lFJ RAPR lgn/ger cataiysf
run lives.
It is believed that ozone is capable of oxidizing any P(III) compounds present
15 in ADN-containing hydrocyanation reaction product to P(V) compounds, which will

- reduce the rate of deactivation in the same way as shown above for the model

compounds TTP and TTPO.
Example 2
20 Effect of Ozone Treatment of ADN on Catalyst Deactivation

The ADN used in this example was made by the hydrocyanation of butadiene
using a nickel(0) catalyst and a phosphorous containing ligand.
The ADN was refined, as discussed above, and was treated by contacting it
with air containing 4.5 wt % ozone at a level of 3.7 mmoles of ozone per kg of ADN.
25  The reaction was run at ambient conditions and with a liquid hold up time in the
reactor of 15 minutes. The reactor was a continuous stirred reactor fitted with a
turbine agitator to give good mass transfer.
Hydrogenation of the ADN was carried out in a continuous adiabatic trickle
bed reactor that contained Fe-based catalyst. The reactor was fed a mixture of ADN,
30  ammonia and hydrogen at a pressure of 250 bars. The inlet temperature to the reactor
was adjusted to maintain the conversion of ADN at 99.9%. As the catalyst
deactivates it is necessary to gradually increase the inlet temperature to maintain the

conversion of ADN at the 99.9% level. The deactivation rate is determined by the
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TTP 29 60 10 This series of experinents shows that TTP is a nore powerful
catal yst poison than TTPO and suggests that the oxidation of TTP to TTPO
woul d | eadovp246emger catalyst run lives. It is believed pOBUSOZN® i S
capabl e of oxidizing any P(111) conpounds present 15 in ADN- contai ni ng
hydr ocyanati on reacti on product to P(V) conpounds, which will reduce the
rate of deactivation in the sane way as shown above for the nodel conpounds
TTP and Tr&feQ@t whichitht il t@fipdrbfuecteeds tadzoinercdsedatnmeits offieghi¥d on Cat al yst
Deactivatéon The A sed in this exanple was made by the hydrocyanation of
but adi ene 34§ Pt g%&‘l”(@é]oﬂ?éatlémyst and a phosphorous containing |igand.
The ADN was r efﬂer}%a’oto@ﬁasdétﬁﬁ‘édafp% ADN@at mo\e@%ﬂertfeate%damh@ont acting it
with air containing 4.5 w % ozone at a |evel of 3.7 mmvles of ozone per kg
of ADN. @Bctifation edc aomeasmed torbead depntsis érentigradel peri IRhraiptiopsiratinga 1 i qui d

hold up tine or .of The re Glar vas .a nti nuous
stirred rtgﬁ%tt]?e %F‘?Wéﬁ tswltghe(f@r!gl})ﬂgﬁa;&agg{e&o% S0 826 ss transfer.
Hy dr ogenatii® A DN whithe ARNe Waderfad kiidt 86d Bébin used i 60 BiliB S0l abat i c trickle
bed reactor that contained Fe-based catal yst. The reactor was fed a m xture

of ADN, IBdregensfininstutyd cxaet tbgtelm had beengzens ipated s AR s fepHer an| et
tenperat ur %{gh?ﬁ&?@ (?Ct &y éjaéa%ﬁv t%nr]fgi!e%a%' ndetg?e% ¢l ua?l on of ADN

at 99.9%P" eac |va es It I's necessary-to gra |y increase

the 10l etper @0PBIsAperatifg tleNTak mmeeedmwnersmrched bAIBNoahe 6tignS9. 9%
| evel . The deactivation rate i s determ ned { the -5 WD 02/24626

PCT/ US01/peuesigd najgrial, and fpg ¢qachvasion fptgingr foat decacasdesatisiade per 1MWer eased,
in units gl AEOEGESTHFE Bith HAGEesRRLt L0 SN APERdeO the rate of

deactivation of the Fe catalyst to decrease by a factor of three.



The reactor was started up on ADN that was not ozone treated, and the 5
deactivation rate was neasured to be 3 degrees Centigrade per 100 hrs of
oper at i ngvov2/mw26 The feed was then switched to ADN t hat hedr/pseviseiss| y been
ozone treated. This ADN was the same material that had been used in the
earlier part of the hydrogenation study, except that it had been ozone
treated. This ADN was fed for a period of 275 hrs, during which tinme the
deact i vatWHATAS CMAEBMEDtegr ee Centi grade 10 per 100 hrs of operating tine.
The ADN feed was then switched back to the original wuntreated material,

and the deactiVat i oh Prees fonthegsadistipn oSyl meuch coumrisgy 44brep@ing100  hrs
oper ati oy bR ﬁg# H¥ 9 CAhLARIe Fﬂlﬂﬁfe p?gsgg@e 3o yﬁgﬂion%gﬂlﬁg%ﬁfcﬁr the rate

of deactivation e Fe catalyst 'to decrease actor ee. -6 WO
02/ 24626 de@iprisSOiicRIAB and WhhdsphGroGk-AbEinglligaAd po prodase 4 or t he producti on

of HVD which conprises:. (1) reacting butadiene wth hydrogen cyanide in
the pres gfeocé’?n loﬁyfﬁarc&c,’iw%ﬂi{“% aE%’?’H%WE%WBFS“? 18'5%’1‘%F1F%§§ta]r¥§€kel (O and
a phosphafug nePHk&EbA Lo ] 1 j r i on
O o S i e O S

phosphor dirgm gerhyslredyagtiomysaction preduct &) mekpacmte APN,HB) cateaingsdrgand | i gand
fromthe .hydr.ocyantjon reacti.on product .t a crude, A renovi ng
organi c lpﬁﬁﬂ]%lsﬁé’gl W&m@@@&a&@%ﬁqe& @B&Z&S‘Sf’mﬁ%’g/ibﬁf%@&‘g‘ tacting
the rief i neith ftNe 1O pMIdube 6ZPBrebRdRIINUGH rQEG A EQHN ’ICbxAbh frbR)thé €MOVI ng
di ssol ved oxygen fromthe ozone-treated ADN to produce Ozone-treated,

deoxy genazee-KeredAPN &) predwecarzonerieatehalegrygenated AN and (fDerytgeting ed ADN

wi th hydr ! j nt g ni ng hydrogenati on catal yst
o protucl S drbad: B ASEIRRLAP MU Bliefalh B bisfnl BEERRATL °1°2. e

process abnimnghilirogenatios bathlyet tp pesivoe b bydrogeritiah idadfon produétthites conpri se

conpounds that contain phosphorous in the +3 oxidation state. -7
comprises HMD.
15 2. The process of Claim 1 in which the phosphorous-containing

impurities comprise compounds that contain phosphorous in the +3 oxidation state.



