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Comprobante de pago de la tasa de presentacion de la solicitud

Documento que acredita la existencia y representacion legal cuando el solicitante sea parsona juridica Prot 17.794
Poderes si fuere el caso Protocolo No, 17.794

Documento de cesitn del inventor al solicitante o a su causante

Declaraciones

Copia de la solicitud intemacional. (Resumen, descripcién, relvindicaciones, dibujos)

Traduccién de la solicitud intemacional al castellano. (Resumen, descripcidn, reivindicaciones, dibq]os)

Copia del examen preliminar intemacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA).
Traduccién del examen preliminar intenacional efectuado por la IPEA -

De ser el caso copia de conirato da acceso.

De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos tradiciénales
de las comunidades indigenas -
De ser el caso, certificado de depositc del material biolégico

Arte final 12 X 12.

De ser el caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el’
mismo titular 0 su causante, relacionadas parcial o totaimente con la invencién de aesta solicitud.
De ser al caso, madificaciones efectuadas a la solicitud interacional

11 FIGURA CARACTERISTICA

12 Soliclto la conceslén de la patents

NOMBRE: J%EENA?ESGO%E%!RIBE _
FIRMA: )

C.C. 39.779.452 DE Usaquén T.P, 68.228
As. 2508/PCT




ANEXOS

INVENTORES

1.) ARNO BENNEKER
( 6162 JD Geleen, Paises Bajos );

2.) HENK OEVERING
( 181 BR Elsloo, Paises Bajos );

3.) ALEX PIT
( Evans, Georgia 30809, Estados Unidos de América );

4.) PAULUS JOHANNES JACOBUS PIETERS
(6181 KZ Stein, Paises Bajos ).
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International Application No.
REQUEST .
The undessigned requests thar the present oteruations] Flling Duse
international application be procexsed
sccording 1o the Patent Cooperation Treaty. | Name of receiving Office and “PCT lotermational Application™
Applicants or agent’s file reference 20318WO0
(if desired) { 12 characiers maximum)
PROCESS FOR THE PRODUCTION OF CYCLOHEXANONE OXIME
Box No. IT APPLICANT

o

is indicated below.)

Neme and addresy: (Family name followed by glven namefor a legal entity, full i
de The i postal . ﬂl . . .
Ccibated In thix Bt 5 the appiictnt-¢ Srae (P o Counsey) af rosidince. .ﬂ".’sﬁ«@ﬁ.&'ﬁii L1 i prson s s eveor
Telephone No.
DSM N.V.
Het Overloon 1 Facsimile No.
6411 TE Heerlen {(NL)
Teleprinter No.

State (that ix, country) of nationality: NL

State (that Is, country) of residence: NL

for the purposes of:

This person is applicant |:| all designated [:I wll designated States except E the United States E] the States indicated in
the United States of America

of America only the Supplemeniat Box

Box No. III

FURTHER APPLICANT{(S) ANDVOR (FURTHER) INVENTOR(S)

Name and addrexs: (Family name followed by piven : tegal ity, full riasl
designarion. The address ll{ll.!l inclu:k posinl m" e Bl ol by Y
address indicated in thix Box ix the applicant’s Stare (that is, couniry) of residence if uo Sinte of
residence is indicated below.)

BENNEKER, Arno
Schrijnwerkersdreef 15

6162 JD Geleen, the Netheriands

e and name of country. Th

e country of the | - This pason iv
D upplicant only
E applicant and inventor

D inventor only (If thiz check-box
ix marked, do not fill in below.)

State {rhat is, cauntry) of nationality: NL

Siate (that is, cownry} of residence: NL

This person is applican
for the purposes of:

I:I all designaled D

all designatcd States except m United States D
the United States of America af Amesica only

the States indicated in
the Supplemental Box

E Further applicants and/or (further) inventors are indicated on e continuation sheel.

Box No. IV

AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is herehyy/has been appointed to act on behalf
of the upplicany(s) before the compgtent International Authorities as:

X e

[:I COmImon Tepresentative

address: il; Howed by gi : legal entiry, full ial Telephone No.
Name and addres: (Fmily ame follawed by 4 e e e of couriry)
(+31)46-4767544
VAN TOL — KOUTSTAAL, Charlotte Adeliene
“ Facsimile No.
DSM Patents & Trademarks
P.O.Box 8 {+31)46-4761830
6160 MA Geleen (NL) Teleprinter No.

D Address for correspondence: mmiucm-mme-mamwuﬁnmmmnuwmm.m
is used instead o indicate a speeial address to which

should be seut.

Form PCT/RQ/101 (first sheet) (July 1998: reprint Jamuary I.PI)

See Notes to the requess form
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Sheet No...2..

Contimzmation of Box No. I11 FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

If mons of the following sab-boxet it used, this sheet thould not to be incindad in the reguest.

m m l.:f':l:l:y nﬂnjbﬂowd by gmn name; for a hgnl enrhy Sull m"dngmmul:l This is:
this Box is the applicant’s Stale frlnu is, cnwry) qf re.nzm ifmo Sme of residence is indicated
below.) D applicant only
OEVERING, Henk o
Burg. Eussenstraat 46 X sppticant and invene
181 BR Elsloo, the Netherlands D ; ouly (1 this
is marked, do not fill in below.)
Swaie (that is, country) of nationality NL State (that is, couniry) of residence: NL

This person is applicant EI all de.nsnlted D all designated Stales except E the United Stales D the States indicated in

far the purposes of: the United States of America of America only the Supplemeatal Box
s s oy o et ot o gl iy Bl ks, | i
rbhel?a:ﬂ,x ix the applicant's Siate (rhat is, country) of rex ence qf no Sme aj" residence is indicated
D applicant only
[ ) PIT, Alex I sonis _
818 Walden Glen Court spplicant and inveator

Evans, Geofgia 30809, U.S.A. (] inventor only (4 this check-bax
is marked. do not fill in below.)

State {that is, country) of nationality: US ‘ State (rhar is, couniry) of residence: us

This person is applicant D all designated D all designaled Siates except the United Stiates E] the States indicated in
for the purpases of: States the United States of America of America only the Supplemenial Box

Nome and address: (Family name followed by given name: for a legal entity, full qfficial designation. . .
The addrass must uulude{m.\'ml code and llﬂglf of country. The country of the atidress ind l'f‘ﬂ!ed in This pevson is:

T’,I'I"T Bax ix the applicant’s Stare {that is, country) of resi ence if no State of residence is indicated
ow. )

[] applicant only
PIETERS, Paulus Johannes Jacobus _ _
EECKGI’SthhB 14 /] opplicant ond inventor
6181 KZ Stein, the Netherlands D : cnly (1 shis check-bax

is marked, do not fill in below.)

State (that is. country) of nationaliy: NL State {that is, country} of residence: NL

‘This person is applicant D all designated D all designated States except E the United States I:I the States indicated in

for 1he purposes ol Siates the United Staies of Amezica of America only the Supplemental Box
Name and address: {Family nnme followed by given name; for a legal emlry _ﬁnl! cial designation. . .
The address must include posial glff and ..ﬁm counrry. The couniry resx mdn.'nred in This person is:
this Box is the applican:'s Stnte (thes is, country} of residence if no Slﬂl! ﬂf rmdem.-e is indicated
below.) .
» applicant only

D applicont and inventor

D invemor oy (If rhir check-bax
is marked, do not fill in below.)

State (rhar ix, country) of nationality: State (rhar is, country) of residence:

This person is applicant D all designated D all designated States except D the United States D the States indicated in
for the purposes of: States - the United States of America of America only the Supplemental Box

D Further applicants and/or (furher) inventors are indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (July 1998; reprint January 2001)

See Notes to 1he request form
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SheetNo. .o3....

BexNe.V DESIGNATION OF STATES Mok the appiicable check-barey below; at daxst ome mucst be marbad

The following designations sre harsby made under Rule 4.9(a);
Regional Patent

Bl AP ARIPO Patant: GR Ghana, GM Gambis, KE Kenya, LS Lesotho, MW Malswi, MZ Maxambique, SD Sudan,
SL Sierms Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is
8 Contracting State of the Harare Protocol and of the PCT

& EA EwrsthnPatest AM Armenia, AZ. Azerbajjan, BY Belarus, KG Kyrgyzstan, K7, Kxzakhstan, MDD Republic of Moldava,
RU Rossian Federation, TJ Twjikistan, TM Torkmenistan, and any other $tate: which i o Contractiog Stare: of the Eurasian
Patent Conmvention and of the PCT

(M EP Earopess Patent: AT Anmstria, BE Belgiom, CH & LI Switewiand snd Licchtenstein, CY Cyprus, DE Germany,
DK Denmark, ES Spain, F1 Flalaad, FR France, GB United Kingdom, GR Grecee, IE Irsland, IT [taly, LU Luzambourg,
MC Monaco, NL Nethesiands, PT Fortugsl, SE Sweden, TR Turkey, and any other State which is a Contmcting State of
the European Patent Conrvention and of the PCT

B OA OAPI Pateat: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Cango, CT Cite d'Ivuire, CM Camerocn,
GA Gabon, GN Guinea, GW Guines-Bissau, ML Mail, MR Mauritenis, NE Niger, SN Senegal, TD Chad, TG Togo, and any
other State which is & member State of OAPT and & Contracting State of the PCT (i other bind of protection or trectment dasired,

specifyondotted Bine) . ... ... .....ioiiii e i i re e et ae e e e ra e et a b ettt rartas
National Patent f acher kind of protection or trestment durired, spacify on dotted fing):
&1 AE United Arab Emirates BGEGeorgin........ocvunnennns B MWMalawi ...........ccc0eeens
M AG Amuuandﬂlrlmh BGHGhs............cc.eenene BMXMZIO......ccvennennnnen.
B AL Albania..........% .......... B GMGambia B MZ Mozambique
B AMAmenin...........cevveenn.. D HR Crostis .............c.enunss ] ¥O Narway
BAT Aumris......ccoovivvneeeneens BHUHungary ...cooocvvevenennnns B NZ New Zealand . ...............
B AU Australia..........c..eienntns H D [adonesis BPL Poland.......cccoovvininneans
&l AZ Azerbuijan [ P T B PT Porogal .........ccceuunnnee
[ BA Bomis and Herzegovine ... ... ... BIIN Indin......c.cccovvnnnnnnnns &) RO Romumie
----------------------------- H15 Jceland [El RU Russian Fedention . ..........
Bl BB Darbrdos -
B BG Bulgatin........cocenennnnnn.. e (@ 8D Sudan
BIBRBRZI........oeveeverirnnnnns HKGKygysstan.......coneenesn. Xl SE Sweden
B BY Belarus..........coenvnvnnnns B ke Dlmuln:l'upl:‘llepnbhc (A 8G Stapapon
BIBZ Belize..ooooveveeennnnnnnnn,,  OFKomm. ... ..oiioieon... BISt Slovenin....................
8 CA Canads . BiKR gmm-, ofKoreh . .oovvvvunns B SK Stovakis . ...................
& CH & LI Switreriand and Liechtenstein B KZ Kazakhstan .................. & SL SiemLeone.................
WCNCQhmE.....ooviiinnnannnns B LC Saint Luzia M TI Tejikismn...................
i CO Colombia B8 LX Sri Lonka (R ™ Turkmenistan . ....... Cererens
B CR CostaRicn.......ovneenn.... LR Liberia TR Turkey.....convennnnrennen
Bcucue.....oc.ovvvvvennnnnn BILS Lesotho........ceeveennnnnn. ] TT Trinidad and Tobego ..........
B CZ CzechRepublic............... BILT Lihosnia 0 trmerererssiessssieecsn
21 DE GErmany ... ..oevvnnreennsn. B LU Loxembourg B TZ United Republic of Tarzania
DK Denmurk ... neeeeeneenen s BLY Lavia B VA Ukmsine ............ceeee
B2 DM Dominica BIMAMoroceo. ..o @ us Ugsnds ........... srreeeees
B DZ Algeria oooveeneennnsn. (& MD Republic of Mokdowa ........... B US United Staed of Americ . ...
B BE Estomia..........oooeniinnnn o nerermnenes e UZ Uzbekistan.................
ﬂ ES Splin ....................... E HGMI"W ------------------ gw Vit NAM .. .r o e et ieinnannn,
MFl Finland............0covvnenns {4 MK The former Yugoalav Republic of (] vu Yugoslavia ............... ..
Bl GB United Kingdom Macedonin .................s (X ZA South ARicE.....eonverns..
(X GD Grenada ® & MN Mongglia 0 ZW Zimbabwe ... ........00ells
Check-boxes below reserved for designating States which have become party 1o the PCT after isuance of this sheet:
m EG. Ecuador. . ... T o [
[ [ [ T i [P e

Precautionary Designation Statement: In addition to the designations made shove, the applicant also makea under Rule 4.9(b) all
ather desipnations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box s being
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that
any designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded ns withdrawn by the

applicant at the expiration of that time limit. (Confirmation (including feex) must reach the receiving Office within the 15-month times limit )

Form PCT/RO/I01 (second sheet) (Murch 2001) See Notes 1o the request form
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Shees No...4..
BoxNo.VI  PRIORITY CLAIM 1} Purther pricrity cinime are indicated in the Supplementa) Box..
Filing Date Number Wheye carlier application is:
of earlier npplication of earfier application natonal spplication: | regicual application:* | intermational application:
{dayimonth/year) ' country regionalOffice |  receiving Office |
item (1) 5 June 2000 002019701 EP-NL
{05.08.00)
itam (2) 5 June 2000 00201965.1 ) EP-NL
(05.08.00)
item (3)

D Thmivin;OHiuislq\uudmm;nduunilmhhmm Bureau a certified copy
of the earlier spplication(s) (only if the earlier application was filed with the Office whick for the
purpaes of the present international application {x the receiving Office) identified sbove a3 jtem(s)

* Where the surifer application is an ARIPO applicarign, it is mandatory ro indicers in the Sspplemental Bax st laasi one couniry purty 10 the Parix
Conventlon for the Protection of Induyiriat Property for which nhat earlier applicarion was filed {(Ruie 4.10{b)H)). Sea Supplemenm] Box.
Box No. VIT INTERNATIONAL SEARCHING AUTHORITY

e ——

Choice of International Searching Autbority (ISA) Request to use resolts of earller search; reforence to that search (if an egriier
{ff mo or more internailongl Searching Authorities are | search has been carriad out by or requerted fram the international Searching Authority):
competent 10 curry our the international search, indirmte the

Authority chasen; the wo-letier code may be used): Date (day/monsh/year) Number Country (or regional Office)
ISA/ 5 June 2000 00201970.1 EP-NL
‘ 5 June 2000 002019885.1 EP-NL
Box No VIII CHECK LIST; LANGUAGE OF FILING
"I"l:: ::Iln'qlliml mli::liun eufmini' This imernational application is sccompanied by the item(s) marked below:
I. E fee calculation sheet
Tequest ; 4
' 2. D scparate signed power of attorney
description (excluding
sequence listing part) P .04 copy of general power of sttorney; reference oumber, if any:
claims : 4.[J smement explainiog lack of signature
abstract 5. ] priority document(s) identified in Box No V1 us item(s):
drawings 6. ] translation of international application into (Ianguage):
listi
?mplli::l“ pert : 7.[] separate indications conceming deposited microorganism or other biological material
Total number of sheets : ] D nucleotide and/or amino acid sequence listing in camputer resdable form
9. other tapecify):
Figure of the drawiogs which Language of filing of the ]
should sccompany the abstract; internationel application: English

Box No.IX  SIGNATURE OF APPLICANT OR AGENT
Next 1 each signamre, indicate tie name of the person vigning and the copacity in whirk sha perion signs (if surh capacity (s Aot obwvious from reading the request).

Por receiving Office use only

1. Date of actual receipt of the purported
inicmational application:

3. Correcied date of actunl receipt due 1o later but L] receives:
timely received papers or drawings completing
the purported international application:

2. Dmawings:

4. Date of timely receipt of the required D nol received:
corrections under PCT Article 11(2): .
5. Ifnmalionll Searching Authority [SA / 6. D Transminal of search copy delayed
(if two or more are competent): until search fee is paid
Far International Buresu use only
Date of receipt of the record copy
by the Imemational Bureay;

Form PCT/RO/101 (lest sheet) (July 1998; reprint January 2001) See Notes to the request form



This sheet is not par of and does not count as a sheet of the international application,

PCT

For receiving Office use onty
FEE CALCULATION SHEET
Annex to the Request Imernacional epplication No.
Applicant’s or sgent’s
file reference 20318WO -
Dete stamp of the receiving Office
Applicant
DSM N.V.

2, SEARCHFEE

CALCULATION OF PRESCRIPED FEES

I. TRANSMITTAL FEE L 110,- J Tj

| we  [5]

Imemational search to be carried ot by

1f hwe) or more International Searching AuthJrirES O YINPETENT I THETET TOINE international
applicarion, indicala the name of the Authority which is chonen v rarry out tha inigrearional search.)

3. INTERNATIONAL FEE

Rasic Fee

The imemational application containa sheets.

first 30 sheets. ' 801.- ITI—I
—emaining shess ' additional smonm ] ( | n l

Add smounts entered 11 by and by and erver QI B ..cooeeereceicin s 901 - 3
Designation Fees '

The intcmational application containg 89 designalions.

6 1 193.' -l 1158.' | D l
rumber of designation fees smount of designalion fee
payable (maximum @)

Add amoumts emered at B and D and emer total mt |
{Applicants from verinin States are entitled to o reduction of 75% of the
inkernational fee. Wiere the applicant ix (or oll applirants arej ra entilled, the
total 1 be enrered at | ix 25% of the sum of the amoiunts entered a1 B and D.)

4. FEE FOR PRIORITY DOCUMENT {if applicoble).

g

2059,- [T]

L cenn

| P |
5. TOTAL FEES PAYABLE. l

Add amounts cniered 2t T, §. [and P. and entet total in the TOTAILL baa 4251 -

TOTAL
D The designation fees are not paid at (his time.
MODE OF PAYMENT
N
suthorization 10 charge D bank dralt D coupons
deposit account (sce below)

D posial mbney order 'D fevenue amps

D ceh D other {xperify):

The RO¥ NL

1500

DEPOSIT ACCOUNT AUTHORIZATION (this medde of payment max net be available at all receiving Offires)

E is heeruby authorized 1o charge: the total fecs indicated above 10 my deposit accoum.

(this chevk-box may be marked only if the conditions for depntit acrousts of the receiving Office 3o permiy) is
hereby authorized to charge sny deficiency or aredit any overpsyment in the iotsl fees indicated sbove 1o my
deposit accounl.
is hereby suthorizat to charge the e for preparation and transmitte! of the priority document to the laternational
Burezu of WIPO 10 my depoail account.

31 May 2001

Depasil Accounl No.

Due (dowimanth/Amgr)

Form PCT/RO/101 (Annex) (Janusry 20011

~van Tol - Koutataal

Ser Notes to the fee ralrulation sheet
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{19) World Intellectual Property Organization
Intemnational Bureau .

(43) International Publication Date
13 December 2001 (13.12.2001)

PCT

IR R R a0

ilﬁ) International Publication Number

WO 01/94296 Al

(51) Intermationa! Patent Clasalfication™
C01B 2114

CO7C 249108,

(21) Internationsl Application Number: PCTNLOImOs”

(22) International Flllog Date: 31 May 2001 (31.05.2001)

(25) Fillag Langoage: English
{26) Publication Language: English
{30) Priority Data:
00201970.1 « 5 June 2000(05.06.2000) EP
00201965.1 S June 2000 (05.06.2000) EP

{71) Applicavt (for all deyignated States except US): DSMN.V.
[NL/NL]; Het Overloon 1, NL-6411 TE Heerlen (NL).

(12} loveators; dnd

(75) luventors/Applicants (for US only): BENNEKER, Arae
[NL/NL); Schriinwerkersdreef 15, NL-6162 JI) Galeen
(NL). OEVERING, Henk [NL/NL); Burg. Eussenstraal
46, NL-I81 BR Elsgloo (NL)- PIT, Alex [US/US]; 818
Walden Glen Court, Evans, GA 30809 (US). PIETERS,
Pauivs, Johanoes, Jacobus [NL/NL]; Eeckersteghe 14,
NL-6181 KZ Stein (NL).

(74) Ageat: VAN TOL-KOUTSTAAL, Charilotte, Adclicae:
DSM Patents & Trademarks, PO. Box 9, NL-6160 MA
Geleen (NL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN .CU,
CZ. DE, DK, DM, DZ, BC, ER, ES, FI, GB, OIS, GE, GH,
GM, HR, HU, ID, I, IN, IS, JP, KB, KQ, KP, KR, KZ LC,
LK LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, FL, PT. RO, RU, SD, SE, SG, S, SK,
SL, T), T™M, TR, TT, TZ. UA, UG, US, UZ, VN, YU, ZA.
ZW.

(84) Deslgnated States (regional): ARIPO patent (GH. GM.
KE, LS, MW, MZ, 8D, SL, 8Z, TZ, UG, ZW), Pamsian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Ewopesn
patent (AT, BE, CH, CY, DE, DK, ES, F1, PR, GB, GR. IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, B). CF,
CG. CL CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Puobilshed:
—  with international yearch report

For two-lstier codes and other abbreviations, refer to the "Guid-
ance Nolex on Codes and Ablreviations” appearing ai the begin-
ning of each regular Lxue of the PCT Gazelte.

{54} Title: PROCESS FOR THE PRODUCTION OF CYCLOHEXANONE OXIME

(5T) Abstract: The invention relates io a process for the production of cyclohexanone oxime in which a phosphate-contining aque-
ous reaction medium is cycled from a hydroxylammonium synthesit zone (o a cyclohexanone oxime synthesis zone and back to
the hydroxylammonium synthesis zone, in which hydroxylammoninm synthesls zone hydroxylammoniom is farmed by caulytic
reduction of nitraie with hydrogen, and in which cyclohexanone oxime synthesis zone hrydroxylammonium is reacied with cyclo-
hexanone o form cyclohexanone oxime, where the concentration hydroxylammonium in the aqueous reaction mediom entering the

cyclohexanone oxime synthesis zone is higher than 1.0 mol/l.
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From the INTERNATIONAL SEARCHING AUTHORITY

To:

DSM PATENTS & TRADEMARKS
Attn. VAN TOL-KOUTSTAAL ...

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT

P.0. BOX 9 ' o OR THE DECLARATION
NL-6160 MA Geleen -~ ' -
NETHERLANDS - - (PCT Rule 44.1)
R3S e

fdayimonthiyesr) 3110772001
Appicant's or agent's fie reference
20318U0 FOR FURTHER ACTION Sae paragraphs 1 and 4 below
iniamational applcaton Na. intemational fing date
PCT/NL 01/ 00427 (asymontniyser)  31/05/2001
Applicant .
DSM N.V

Intemational Search

Whera? Direclly o the Inamational Bureau of WIPO
34, chemin daa Colombeties
1211 Ganave 20, Switreriand

2. Tha
Article 17(2)(a) ko that effect Is ranamitied herewith.

Faacimlle No_- (41-22) 740,14.35
For more detalled Instructions, see the notes on the accompanying sheet,

4. Further sction(s): The applicant Is reminded of the folowing:

Shortly afisr 18 months flom e pricrity date, the international appiication wil ba pubfished by the International Bureau.
If the appiicant wishes 10 avoki or podtpone publication, & notios of withdmwal of the inlemnational
priority claim, must reach the intamational Bureau as provided in Rules 80bis.1 and 80bia.3, respectively, before tha
completion of the tachnical praparations for intenational publication.

Within 19 months from the priority date, a demand for intematonal preiiminary examination must be Alad i the appllcant
wishas 1o postpona the enkry Into the national phaaa until 30 months from the priority dale (In some Officed’even later).

Within 20 months from the priority date, the applicant must perform the prascribed acts for entry into the national phase
belore all desipnated Otficas which have not been slectad in the demand or In a ixler election within 19 months from the
priority dae or could not ba slecied because they are not bound by Chapter It

1. m Tha applicant la heraby natifled that the Intamational Search Report has been astablished and ls transmited harewith,

Flifing of amsndments and statement under Article 18:
Tha apphcant Is entlted, if he 80 wishes, 1o amand the ciaims of the Intamational Appiication (ses Rule 48):

When? The time Imit for filing such amendments is normally 2 monthe fram he date of tranemitial of the
; howaver, for more detalls, sge tha notes on the accompanying eheat.

appiicant is hsraby notified that no Inematona) Search Raport will ba sstabiiahed and that the declaration undor

3 D With regard to the protast against payment of (an) addiional tee(s) under Rule 40.2, tha appiicant ls notified that:

D the protest iogether with the daclsion thereon has besn ranamitted to the Intamational Bureau wogather with the
spplicant's raquast to forward tha taxts of both the protest and the dacialon thareon 1o the deaignatad Offices. .

[[] no decision nas besn made yot on the prowst: the applicant will be notfled as soon as a decision (s made.

apphication, or of the

Name and malling addreas of the Inlemational Searching Authority
ﬂ European Patent Oflica, P.B. 5818 Patentiaan 2

NL-2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 851 epo ni,
Fax: (+31-70) 340-3016

Authorized ofticer

Véronique Baillou

Form PCTASAZ20 (July 1998)
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NOTES TO FORM PCTASA/220

These Notes are intendad io give ihe basis instrustions concaming the fing of anandmeants unsder artiole 19. The
Notes ave based on the requiremants of the Psient Cooperation Traaly, the Reguisiions and the Adminkirative instructions
under that Trealy. in case of discrepancy betwesn thess Noies and thoss reguiremants, the iatier are appiioable. For more
detailed information, ses also the PCT Applicant’s Guilde, a publination of WIPO,

in theas Noles, “Articls”, "Fluls® ﬂwmhﬁOMdhm I-PGTMHH-.:IIDFGT
Mnnﬂﬁnlmwy

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applioant has, afier having racsived tha inlemationsl search report, nwﬁybmﬁhdﬁ-dh
intemational application. it should however be emphasized that, sinoe all parts of the inlemational spplicstion (:ﬁr-.
description and drawings) may bs amencied during the intsmational preliminary sxamination prosedurs, there
mn-dhlo.n.ﬂ“dhﬂh-uﬂ.kﬁhﬂwm.-.'.hqih.l-hlnllllrhhpﬁhd
for the purposss of provisions! protestion or has another resson for smending the alsims before intemational phwtioation.
Fusthermore, i should be emphasized that provisional prolediion s aveilable in some Stales only.

What parts of the inlemational appileation may be amanded?
Undler Article 19, only the claims may be amended.

Dllmhhl-ndhnl;h- the daima may siso be emended (or fusther amendad) under Article 34 before

tw intemations! Praliminary Examining Autharily. The desoriplion and drawings may only bes amendad under
Article 34 beiore the iIntlemationsl Examining Autharity,

ummmnnmmm.dmdhmwmmumwma
of, whare spplicsble, Article

When? Within 2 months from the dale of tramemitial of the inlemational sesrch report or 16 months from the priority
daia, whichever tims imil sxpires ister, R should be noled, however, that the amendmenis will be conaldered
-hlvlmbnm—ndmhmﬂmqn_dndbyhlmmn'hwah
applicabie time mk but balore the compistion of the tecksvioal preparstions for inlernational publication
(Fule 48.1).

Where not 1o file the amendmants 7

The amendments may only ba flad with the intemational Bureau and not with the recsiving Offioe or the
Intemational Searching Autharily (Pule 46.2),

Whaere a demand lor intemational preiminery sxaminstion has been As Kled, see below.

How? mwmncmmdﬂmwmmummﬁuuwmﬁqhud
one or more of the caims as flad

A replacerent shest must be submitted for sach shast of the olainw which, mmdmmu
smendments, diffars from the shest originally Bed.

All the clsims sppesaring on a repiacemant shest must be numbered in Arabio rumersis. Whers a claim s
cancelied, no renumbering of the other claims is recuired. in all cases where clains are renumbered, they must
ba rerumbered consseeulively (Adminisirstive insiructions, Section 205{(b)).

The amendmaents must be mads in the language in which the Intsmational appiicstion Is 1o be publishesd.

mmhmm-:n-nmhmmlm
Lattar {Saction 20%(b)):
The smendments must be submitted with a letier.

mmﬂmummumm and the amended dlaima. It should not be
confusad with the "Stalement under Artiols 19{1)" (see below, under "Statemant undar Asticle 18{1)").

The lstter must be in English or Franch, at ihe chales of the spplicant. However, If the tanguage of the
internaiional appfication s English, the lstter must be in English; i the langusge of the international
s French, the lstter musat be [n French.

Notes io Form PCTASA/220 (first sheet) (January 1994)
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NOTES TO FORM PCT/SA/220 (continued)

Tha stier must indicats the difisrences between the slaims ss led and the claims sa amendad. & must, in
partiouler, indiosbe, muﬂnﬁh”dﬁ“hhm#@_‘um
thal identical indiastions eoncaming several claims may be grouped), whether

the claim s unchanged;

the olaim is cancelled;

the olsim = new;

the claim repisces ons or mons olsims = Blad;

the cisim is the result of the division of a claim as Ged.

Siass

The lellewing exampies [lustrate the manner in which aymendments must be axplained in the
nOCOmpanying letter:

1. [Whare originally there were 48 claims and akter smendment of soms claims there are 51}:
"Claims 1 io 28, 31, 32, 34, 35, 37 io 40 mpiaced by amendad cisims bearing the same numbers;
olgira 3, 33 and 3§ unchanged; new dsima 48 2 51 added.”

2 [Where originally there weve 15 clabms and after amendment of all elaims there are 11
*Claime 1 to 15 meplaced by smandad clabms 1 to 11.°

3. -.Tmllymnmuddmndhmwnmﬂ‘mm.ﬂnm
new claims
*Claims 1 io 6 and 14 unchanged; claims 7 to 13 aaneslied; new claims 16, il-'lll'ldbd ar
“Claims 7 to 13 canoslad; new claims 15, 16 and 17 added; o other alsims

4. [Wher various kinds of amendmaents sre made}:
*Claims 1-10 unshanged; alaima 11 to 13, 18 and 19 aancelled; claima 14, 15 and 18 replaced by amandad
dlaim 14; elaim 17 subdivided inte amended olaims 15, 18 and 17; new claims 20 and 21 added "

Statement under article 18(1)" (Faile 48.4)

The amencments mey be sooompaniad by a stalement explaining the amemximents and indicaling any impecl
M%Wlﬁihﬂﬁh“ﬂhtﬁpﬂﬂhmm

The sislemaent will be publiahad with the intsmational appiication and the smended claima,
A must be in the lsnguage in which the international appplicetion Is to be published.
R must be briel, not exceeding 500 words if in English or if tranalsled irdo Engllsh.

R shoukd not be confussd with and doss not replaca the letter irdiicating the diferences between the olaima
s Giad and as amended. &t must be fled on a separste sheet and must be identifled as such by a hesding,
preferably by using the words "Stalement under Article 19(1).*

ﬂwwmnwwmrbmhmdmmuhuhvun.dm
conlained in that report. Reference (o vilations, relevant o & given oaim, contained in the intemational ssarch
repori may be made only in connection with an amandment of thal elaim.

Consaguanca i a demand for international preliminary examination has siready been flod

It, at the tima of fiing any anendments under Artiole 19, a demand for inlemnational preliminary axsmination
has aiready been submitied, the spplicant must preferably, ot the same time of filing the amendmenis with the
intamational Burasu, siso fils & copy of such amendmenta with the iIntemational Prefiminary Examining
Authority (ese Ruls 82.2(a), first senience).

mmm“m”ﬂhn-:mdhm_ applicstion fer entry nto the natlonal phasa

The apdicants sitention in drawn to the fact that, ﬁml.pn.lryhhll’nnluulﬂl- atramistion of the
diaims as amended under Arlicle 19 may have o ba fumished io the designated/slacted Offioss, inslsad of, or
n adkiiion to, the transiation of the daims s filad.

For hather details on fhe requirements of each designatadisiesiad Offios, see Volume 1l of the PCT Applioant's
uide.

Noates 1o Form PCTASA220 (ascond sheat) (January 1884)
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PCT

INTERNATIONAL SEARCH REPORT

(PCT Articie 18 and Rules 43 and 44)

| FOR FURTHER (e e e e s e
20318W0 i eCTIgl

Intamational application No. Imemational fling date {dayAnontivyear) (Earliast) Priority Date (dzy/month/yean)
PCT/NL 01/00427 31/05/2001 05/06/2000

Appiicant

DSM N.V

This inemational Saarch Report conslets otatowlof 2 shests.
[X]  11e ateo accompanied by a copy of each prior et document cited in this report.

This international Saarch Report has been prapared by thiy Intsmationa) Saarching Authority and bs transmitted 1o the applicant
according o Article 18. A copy I8 being tranamiited ©© the htemational Burasu,

1. Basls of the report

fumnished

00 0O 00000

5. With regard to tha shatract,

Certain ciaims wers found unsearchable (See Box I).
Unlly of invention is lacking {sa8 Box i).

[X] the textis approved as submitted by the applicant,
[(1  the text nas been established by this Authority to read as liaws:

tha taxt Is approved as cubmitied by the applicant.

D tha iaxt has baen established, according to Rule 38.2{b), by this Authorily as it appears In Bax lIl. The applicant may.
within one month from the date of maling of this international ssarch report, submit comments to this Authority.

6. The Nigure of the drawings 1o be published with the abetract Is Figure No.
[T] a8 sxgesad by the appiicant
[C] because the appicant tailed o supgest a figure.
[[J because tis figure batter charactartzes the invention.

&. With regard 1o the languags, tha intemational saearch was carried out on the basis of the intarnational application In the
language In which It was fiied, uniess otharwiae indicated under thia item,

D the intemational ssarch was carried out on the basis of a tranaletion of the Intemational application fumished fo this
Authority (Rule 23.1(b)).

b. With regard t0 any nucisotids and/or amino acid ssquence disciosed in the intamational appiication, the international seerch
was carried out on the basis of the sacuenca Isting :

contained In tha International application In writien farm.
filed togather with the intemational application In computer readahila form.
fumished subsequently to this Autharity In written form.

fumished subsatuently o this Authority in computer readble form.

tha staiament that the subsequently lurnished written sequence listing doas not go beyond the discloswe in the
Intsmational appiication as fled has been flumishad.

tha statement that the information recordad In computer raadabla form Ia kdantical to the writen seguence listing has baen

[X] Noneof e figures.

Form PCT/SA/210 (first sheet) (July 1988)
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Minl documentaiion searched {ciassification sysiem loliowed by classification symbols)
IPC 7 CO7C CO1B ”

Documenislion searched olher than minkmusn documentstion to ihe exient thal such documents are included In the flekds searched

EPO-Internal, WPI Data, PAJ, CHEM ABS Data

Elatironic daia base consulted during the inlemational sssrch (nams of dala bass and, wham pmciical, ssarch tanTs used)

€. DOCUMENTS CONSIDERED TO BE RELEVANT

21 January 1975 (1975-01-21)

claim 1; examples 11,16,17,21-23,30
A US 3 997 607 A (DE ROOIJ ABRAHAM H)
14 December 1976 (1976-12-14)

cited in the application

Catogory * | Ciation of cocumant, with indication, where appropriate, of the relevant passsges Ralsvant ta caim N9,
X GB 1 138 750 A (STAMICARBON) 1-11
1 January 1969 (1969-01-01)
claim 1; examples II,III
X US 3 720 758 A (AGGENBACH P ET AL) 1-11
13 March 1973 (1973-03-13)
example II
A US 3 862 230 A (ELMENDORP JAN ET AL) 1-11

D Further documenls ane Hnd-ln tha continuation of box C.

_ E Patant family mambers are istad in annex.

* Special categores of citod documonmis :

A" documen defining the general sista of the art which is nol
conycared o ba of particular relevance

‘E* ?mmnﬂhﬂonorm1m Internstionat
ing cele

‘L' document which throw doubte on priosity claim(s) or
mu-mw"hmmmmung)im
citation or other apecial raason (as speclied)

*0r documsn referring 10 an oral disciosure, uss, exhibllon or
other means

‘P documani pubfishad prior lo the intemnational filing date but

Illllhlnihmﬂd“llldlm

"T* laler documant publishad afier lunmnhndlﬂmﬂn
or priorily date and nol In confiict with the application b
dﬂmuMhNﬁthw mﬂrlyhgnn

.3 mwumwm the claimed Invaniion

be considerad novel or canndl ba considand to
Mmmmmmmmh iskan AlOne

*Y* document of paticuler relsvance; the claimed invention
cannol bo consiciared (o invaive an inventiva stap whan 1he
documan is combinad with one or mom other such doci—
mmnmmmmummmm- peraoh sidiad

Ky Mllr'lll mambaer of the same pateni lamily

Oate of the actual complalion of tha inlamalionsl search

Date of maling of tha inlamational saarch report

Fan: {+31-70) M0-3018

24 July 2001 31/07/2001
Name and malling address of 1ha ISA Authorized officar
European Pateni Olfice. P.B. 5818 Palaniinan 2
NL - 2290 HV Rijswix
Tal, {+31-70) 340-2040. Tx. 31 651 aponl, Janus , S

Fomn PCTARAZZ10 (asoond sheat) [uly 1008)
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PATENT SPECIFICATION

DRAWINGS ATTACHED

No. 4474366,

1,138,750

nnafmmmmmt;nmmam. 1966.

Application made in Netherfands (No. 6513 426) on 16 Oct., 1965.
Complece Specification Published: ! jan., (949,
©® Crown Capyright [965.

We, Stamicawson N.V., a Netherlands
Limited Lilbil&(hmpuy of 2 van der
Maesenstraat, len, the Netherlands, do
hereby declare the invention, for which we
pray that & patent msy be pranted to

and the method by which it i
formed, to be icolarly

by the following statement: —

Vd
where

C=0 represents the carbonyl gronp of the

cyclic ketone and HX any given acid, it will
be seen that the acid which s bound in the
hydroxylammornium smit is liberated during
the oxime formation.

A complete conversion of ketone imo
oxime can be achieved in a medium varying
from acid to peutral, and the acid
liberuted in the oxime formation being bound
by addition of a izing agent, unmlly
paseous ammopis or apmania water,  This

as hydroxylammonium sulphate, the salt thus .

produced is ammoniom sulphate.

To reduce the production of mlt io smch
reactions it has been proposed to carry out
the reaction in a buffered medium, using a
solution of a hydroxylammonium st derived
from » weak acid, the reaction mixture also
containing arsoluble mit of the mid weak
acid io such an amoun: that during the axime
formation this sk, together with the liber-
ated acid, form a buffered reaction mediom

the pH of which is sufficiently high to allow

the formation of oxime to proceed.
[Price 4, &4.)

C=0+NH.OH . HX —» C=N—OH+H.0+HX,

10

1%



10 comprises contacting in ¢ resction- Zone in Eq_tll_'l;.w
cyclic | rganic slvest  hyd : ircctl
therefor, the mid solvent being water-in- obt_mn:lmahyglrmhmm_thdlm_

15 thar 0.19% by weight at and which is Ilytically or with the aid of molecular -
a salvent also for the oxime reaction product; gen in the prescace of o oohle metal oxtalyst, .
snd a stream of an aquecoos salution of the reduced to hydroxylemine in & buffered acid
hydroxylammonium it of en-scid heving & mediom. The aqueous solution which,
dissociation constant of from 2X107 to 16, far as hydroxylamine is
the mid aqueous stresm comtaining a finther resct further and has to be discharged dur- 85
soloble mbt of tie mid acid w provide, with 1he oiim i .
free acld produced in the reaction e, traces of orpanic adivent amdl nmom-oom-
a buffered reaction medium; and withdrawing verted ketone, he recycied o such x hydomgl-
from the resction zone = sream of mmine synthess. - .
25 oxime dissolved in the solvent therefor, Oming ™ the pmsence of the nrgamic 9
and an aqucony stream contmining free acid  solvent, the process according ™ the Imwen-
and the roluble salt thereof; sepamting solvent tionm has the sdditionsl ndvantge that whe
from the mid product ozimc; end recyding oxime «dissoives id :solwent,
the solvent thus obtained to the said reaction while t;l;'bmces which are discharged together
zone, : no is
Purticularly suftzble: orgamic solvents for - _sept, such a8 the ‘weak acid conteined in the .
use in the process of the invention inchsie reaction mixture, are left in the aqueons phase.
in:lpell::lesulvmts::hnmhm,bem Aﬁudleurymcn!veuhsbmqlnmd
mcthylcyclopentnne a; \ -
35  The wesk acids to which the -hydroxyl- can be processed into the corresponding 100
amine is boamd in the farm of hydroaxylamine Ilacam, . .
mlt n the squecns starting walution must, Two embodiments of the iovenrion are
while being sufficiently weak to produce, hercinafter desceibed and schematically llus-
together with ¢ mlt derived from them, such teated in the sccompanying dawd
40 & buffering effect that the pH is ‘kept . Aceonding t» the embodiment . in 105
sufficiently high for making the oxime forms- Figure 1, the oxime preparation is carried out
- tionﬂm:fdnhob“;ﬁcimdy Tlrnn;uhe :"nfthgmiw.n:ﬁma.umﬁ
capable forming the hydroxylammoninm whi Aqueous sdlutian containing
ion with -dissolved hydroxylamine.
45  While theoretically these requirements are with a soluble salt of the wenk acid, i 110
met by acids and acidic salts having a dissoca- sepplied thmugh conduit 1, while at-the ather
giunu:n.mntufJ!xlo-"mm". However, dﬁeqﬂumﬁmmm

:
;
:
5
k

" in practice only the readily obtainsble and arc spplied threugh <ondoits 2 and 3,
consequently cheap, inorgenic acids, such a5 respectively.
50 phosphoric acid and ammenium or alkali- When these starting liquids How in coumter- 115
metal bisulphate, (which can be regarded a5 current relationship th the reactor A,
converted into oxime, which

ith :

55 ammonium st solution in the presence of the with water or dilute smmonia 120
organic solveat, -a relatively high of
canversion of the ketone .imn the oxime is m
achieved even at very low pH-walues, for ex- ' i
ample fram 0 o 1. thus separated is discharged Trom

60 In carrying owr the axime preparstion ing column-sis conduit 6, while the ewapor- 125
sccording to the invention usc mmay be made ated solvent is, after hei
of the normal type of counterflow reactors, to sn extraction plant B vis oondnit 7 1o free
such o3 columns filled with packing bodies
or romting disc reactors, provided that the i :

63 ketone-containing orgenic phase s sofficiemly and oxime smill diswived thercin. The acid 130
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. Y
120 kmales of H,0, wes supplied via conduit
12 to reactor D. The reaction mixture flowed
from the mid reactor D into the Siquid-iquid
scparator E.  The oxime-contsining benzene
layer, consisting of 100 kmoles of oxime, 10
kmoles of H.O and 260 kmoles of benxene,
was discha; from this

to cohunn C, in which separation was effected

water layer formed in separstor E was fed
to reactor A via conduit 15,

The agqueous phase had 2 pH of about 0
and the compositien

1802 kmoles of NH HSO,,

454 Ymoles of (NH,).S0,,

13.0 kanoles of NH,NO,,

100 kmoles of cyclohexanone and
1416 kmoles of H,O.

n

conaisti
180.2 of NH.HSO,, 452 kmoles of
(NEHL),S0,, 13.0 kmoles of NH,NO, and
1420 kmoles of H,0.

Upon further neutralimtion with NE, this
salution can be processed into ammonium

WH:T WE Cl.helgem:— of

1. Tation aa
oxime ,mmlminghlm
mionminmumunmﬂownmgn

therefar, ve
being* water-insoluble, or having s aolubility
in water of less than 0.196 by weight at

;
:
!
E
|
/

it

bisulphate or alkmli-metal bi-

3. A process as claimed in Claim 1 or
Claim 2, in which the solvent recovered fram
the mid product stream is contacted with the
mid squeows stream from the reaction zooe

oxime as claimed in Cloim 1, substantially as
7 gy prepared claimed
. An oxime 2 process
in any of the preceding cisims.
HYDE & HEIDE,
110, Bi ,
, B.C2,

Chartered Patem
Agents for the. Applicams.

Printed for Her Majesty's Stationsry Office by the Courler Prem, Leamington B

Published by the P

MWL 1 »

ps, 1669,
atont Offics, 25, Bouthamptou Buildinge, London, W.0.3, from which copiss may be obtained.
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1

PROCESS FOR TRE CONTINUOUS PREPARATION
OF AN AQUEQUS SOLUTION OF A
HYDROXYLAMMONIUM SALY

BACKGROUND OF THE INVENTION

This invention reiates to an improved continuous
procoss for the preparation of s hydroxylammonium
salt in water by catalytic reduction of nitrate jons with
the aid of molecular bydrogen in a medium bufTered 1o
a pH of © 1o 3, enabling tha smmonis by-product
formed in the hydroxylsmine production to be
separated from the solution in the form of the salt am-
monium sulphate.

It is known that the catalytic reduction of nitrate ions
is preferably carried out in the presence of a palladium
catalyst, sturting from mzke-up solutions which contain
phosphoric acid or hydrogen sulphate in sddition to
relatively weak acids. Such & process is disclosed in
U.S. Pat. No. 3,514,254, Iu this process reductions of
nitrate ions to ammonium ions, nitrogen and mitrous
oxide {(N,O) take placc as secondary reactions. It has
bean found empirically that the chemical reactions tek-
ing place, if the proceas is carried out continuously st
25°C. with a palladium catalyst, can be represented ap-
proximately by the following gross equation, in which
the formation of N, has bean neglecied:

156 HZ + 80 NOy~+ 244 H, — 68 NH,OH* +

ENH.*+2N,0+ 156 Z-+ 170 H,0,

where Z stands for the H,PO, or the NH, S0, radical.

Thia shows that the reduction of nitrate ions converts
about BO percent of the nitrute ions into hydroxylamine
and about 10 percent of the nitrate ions into ammonia.
This ammonia must be removed from the hydrox-
ylamine-containing solution leaving the reactor, if the
hydroxylamine aynthesis is to be part of a circulation
process which is linked with an oxime synthesis zone. In
this manner a constantly circulating process liqukd, that
is the hydroxylamine-containing process liquid ob-
tzsined from the above reduction, i fed 1o the oxime
synthesis zone, where the hydroxylamine in the form of
u mlt is consumed with liberation of the acid with
which the hydroxylamine formed the hydroxylammoni-
um st thereby producing the oxime which Iy
recovered, whereupon an scid-containing process
liquid iz recirculated to the hydroxylamine synthesis
2one, where said acid agmin binds hydroxylamine
freshly formed in the hydroxylamine synthesis zome. An
cxample of such a process is disclosed in copending ap-
plication Ser. No. 71,907 Rled concurrently herewith.

In considering ways in which to remove the un-
desired ammonia, it would seem apparent that to allow
the ammonia formed as a by-product of the production
of hydroxylamine to crystallize out in the form of an
smmania salt and then to soparste the crystals from the
solution would effectively remove the unwanted am-
monis, In the case of u hydroxylamine synthesis, when
conductad in 3 medium containing phosphoric acid, it
would then ba possible to separatc the primary am-
monium phoaphats prior to svaporation and cocling.

It is, however, not attractive to recover the ammoni-
um phosphate in this manner, not only because it is
presont only in small quantities, but also because a
quantity of relatively expensive pure phosphoric acid,
whick should be pure because it is intended for use in a
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catalytic process, is removed from the reaction mixture
in the form of an ammonium salt. The phosphoric acid
0 removed in the form of primary ammonium
phosphate has only the practical value of a fertilizer,
such ag tha value of P,0, in fertilizers containing am-
mouium phosphate, which are prepared with less ox-
pensive and less pure phosphoric acid. Morcover, in
the rearrangoment of cyclohexanone oxime to capro-
lactam, the ultimate commercial object of oxime
production, a large quantity of ammonium sulphate is
liberated, s0 that also in the bydroxylamine synthesis it
would be preferablc 10 recover ammonium sulphats as
a by-product rather than the primary ammonium
phosphate, or ammonium gitrate.

Apparently, it would therefore seem more atiractive
1o carry oul the hydrosylamine synthesis in a reaction
medium which contains ammonium sulphate and am-
monlum hydrogen sulphats, so that the ammonium
which is formed as a by-product of the hydroxylsmine
production could, indeed, be separated out from the
reaction mixture in the form of ammonium sulphate
rather than as stromonium phosphate,

However, it has been observed that such a hydrox-
ylamine synthesis method wherein ammonium sulphate
is recovered has the disadvantage that the catalyst
customarily employed in tha art, palladium, is less ac-
tive and lem selective in a reaction medium containing
only ammonium sulphate sad ammenivm hydrogen
sulphate than in a reaction medium containing only al-
kali metal or ammonium dihydrogen phosphate and
phosphoric acid, It is for this reason that the method of
uiing phosphate ions in the resction medium is
preferred. Furthermore, the subsequent oxime synthes-
iz will also be carried out preferably with the aid of a
solution containing hydrozylammonium dihydrogen
phosphate rather than with a solution contalning only
hydroxylsmmonium-ammonium sulpbate, in view of
the more favorable pH conditions attendant with the
use of hydroxylammonium dihydrogen phosphate per-
mitting e higher efficiency.

DETAILED DESCRIPTION OF THE INVENTION

it has now been found that the ammonium ions
formed as a by-product can also be separated out of the
hydroxylamine aynthesis reaction mixture as smmoni-
um sulphate in » highly effective manner if the hydrox-
ylamine synthesis it carried out in m reaction medium
which containg both phosphoric scid, {or ammonium
or alkali metal dihydrogen phosphate, as the case may
be,) and sulphates, if said resction medium contains a
quantity of ammonium sulphate such that the molar
(ESO.NZPO,) ratio is m least 2. In this ratio XSO,
represents the sum of ali SO, radicals presant in the
reaction misture, whether or not bound in the form of
salts and PO, represents the sum of all PO, mdicals
present in the reaction mixture, whether or not bound
in the form of salts. In other words, sulphate ions are
presont in the reaction mixture in sn amount at least
twice as great as the phosphate ions.

In such a reaction medium having the desired
S0,/PO; ratic both the activity and selectlvity of the
palladium catalyst are still vory satisfactory, while am-
monium sulphate and not primery smmonium
phospbate will crystallize out of the hydrozylammoni-
umn salt solution upon cooling, or evaporation and cool-
ing.
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It has also been found that when using & hydroxylam-
monium salt solution which, in addition to PO, also
contains 80, in the above mtio, the pH conditions in
the subsequent oximo synthesis are more suitable than
in s corresponding oxime synthesls when using a
hydroxylammonium salt solution which contains only
the sulphate ions.

Another advantage is that due to the relatively high
sulphate content of the hydroxylamine-containing cir-
culating liquid when practicing the presant invention,
the oxime synthesia can be carried out more eaconomi-
cally by reacting the cyclohexanone 1o be converted 1o
the corresponding amine with the aqueous hydrox-
ylamine solution in counter-currents and thereby
avoiding the usual application of » non-water-miscible
or poorly water-miscible organic solvent for cyclohexz-
anone and cyclohexanone oxime. Expensive solvent
recovery procedures known in the set ara thus ob-
viated. Such a method has been disclosed in copending
application Ser. No. 73,906 filed concurrently
herewith, the disclosure of which is hereby incor-
porated by reference.

The crymallisation point of the reaction mixture
directly affects the facility of ammonium sulphate
removal. If the hydroxylamine synthesis solution ob-
tained under the usual procesa conditions (having a pH
of about 1.5-2) has a’high crymailization point, for in-
sance, mbout 60 "C, ammonium sulphate can be
separated out by simple cooling and at a suitsble molar
(£SO.)/XPO,) ratio of ubout 2. However, if the solu-
tion has a lower crystallization point, for example, of
about 45 °C, then either the solution must first be con-
centrated and then cooled, or the molar (X80,)KX
PO,) ratio has to be considorably higher than 2 to allow
smmanium sulphate to be separated aut. Thus the bast
separation of ammonium sulphate is attained wsing
solutions having crystallization points from about 45°
to 60 °C; however crystallization points may vary in
wide ranges, as for example from about 20° 10 90 °C.
However, the crystallization point of the resulting solu-
tion need not be a limiting factor, {or the solution can
ensily be concentrated, as hereinafter described, and
the ammonium sulphate removed from the concen-
trated salution.

Tt is also possible both to maintain 8 much higher (X
$0,)/(2PO,) ratio and to concontrats the solution be-
fore coaling, especially if ammonium sulphate is to be
crystallized out of a solution with a particularly low
crystallization point, for example of about 20° - 30 °C.
‘The resulting hydroxylammonium phosphats solution
is suitable as such to be converted, by reaction with
cyclohexanone, directly to cyclohexanone oxime a.3.
according to the process described in U.S. Pat No.
3,429,920, the disclosure of which is hereby incor-
porated by reference.

Reaction parameters are well koown for this synthes-
is and are disclosed in U.S. Pat. No. 3,514,254, the dis-
closure of which is hereby incorporated by referonce.
The catalyst concentration, tempersture and pressure
of the reaction may vary widaly without rendering the
reaction impossible or causing the resulting hydrox-
ylamine to decomposs. For instance, the catalyst may
range from 0.001 - 0.1 gram of a noble metal per gram
of nitrate. The temperature may be maintained
between the freexing point and about 123° C,; however
the ambient or slightly higher (20°-60* C.) tempera-
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tures are preferrad. The pressure may be atmaspheric,
but a pressure of 5 atm. is commercially sttractive.
Operation outside thase preferred ranges does not af-
fect the principles of the invention but generully will
only add 1o the cost of the procem.

One embodiment of the process according 1o the in-
vention {s shown schematically in the accompanying
drawing.

In this drawing, A is the hydroxylamine synthosis
reactor, to which the phosphoric acid solution contain-
ing the nitrate and sulphate ions is fed through a pipe 1.
These nitrate ions are reduced by means of hydrogen
supplied through a pipe 2; the waste gases am
discharged through & pipe 3 and the hydroxylammoni-
urm salt solution thus produced containing ammonium
sulphate snd alkali metal or ammonium dihydrogen
phosphate is fed, through a pipe 4, to a cooler Bl,
where the solution becomes supersaturnted in ammoni-
um sulphate. A suspension of ammonium sulphate
crystals ix fed from the cooler B1 to a sepurator C1, for
instance a centrifuge, where the ammonium sulphate
crystals are separated from the mother liquor contain-
ing tha hydroxylammonium salt. Tha crystals lesve the
sysicm through a pipe 3; the mothar liquor is fed,
through piping §-7, to an oxime synthesis reactor D,
where, combining with cyclohexanons supplisd
through a pipe 8, it forms the oxime, which leaves the
system through a pipe 9.

A solution virtusily exhausted io hydroxylammonium
salt is fed through a pipe 10 to a mixing verssl E, which
further receives nitric acid through a pipe 11 and mul-
furic scid through » pipe 11a, whereupon the mixture i
fed, through a pipe 12, to an evaporator F1, In this
cvaporator the reaction water formed during the
hydrozylamine aynthesis and the oxime synthesis, and
the water introduced with the nitric acid, is evaporated,
to be discharged through s pipe 13, while a solution
suitable for use in the hydroxylamine synthesis is fed
from the evaporator F1 1o the hydroxylamine synthesis
reactor A through pipe 1,

Instead of supplying make-up nitric acid, it is also
possible to introduce nitric vapors through pipe 11, 80
that nitric acid is formed in situ in the mizing vemel E,
which in this case should of course be an absorption
column (not shown).

if the solution leaving reactor A has such a concen-
tration that ammonium sulphate cannot be separated
from it by simple cooling, a certain portion of this solu-
tion may firmt be split off, then concentrated, and the
required quantity of ammonium sulphate separated
from the concentrated solution.

With this altsmative method, the hydroxylammoni-
um salt solution obtained in reactor A is carried off
through a pipe 41; pant of thia solution is fed, through a
pipe 42, to an evaporator F2, water vapor {s discharged
through a pipe 43, and the conceatrated solution is fod,
through & pipe 44 to a cooler B2, from whers a suspea-
sion of crystals is fed to & centrifuge C2, where it is
separatad into crystals which are carried off through a
pipe 55, and mother fiquor, which is carried ofT through
a pipe &6 and added 1o the solution flowing through
pipe 41, to be fed, through pipe 7, to the oxime synthes-
is reactor D,

With the process represented in the embodiment of
the invention shown in the dmwing, ammoniom
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sulphute crystals are separated from tha solution flow-
ing from the hydroxylamins synthesis reactor A to the
oxime synthesis reactor D. These ammonium sulphate
crystals could also be separated from the solution flow-
ing from the ozime synthesis reactor D to the hydrox-
ylamine synthesis reactor A. Howsver, proference is
given to the procesi shown in the dmawing, becauss
here the solution is not yat diluted with the reaction
water formed ia the oxime synthesis reactor, so that the
(NH):SO, crystals will form more readily and are
therefore more ensily removed.

The present invention is also illustrated by the fol-
lowing examples with reforence to the drawing in
which, unless otherwise indicated, all parts and per-
centages are by weight.

Example | describes a solution from which ammoni-
um sulphate crystallizes out immedistely upon cooling;
example II describes s solution which must first be con-
centrated before the formation of ammonium sulphate
crystals which are subsequemly recovered on cooling.

EXAMPLE]

A hydroaylamine salt solution is prepared and con-
tinuously fed into reactor A, with the aid of a palladi-
um-loaded activated carbon catalyst and 2 molar es-
cess of molecular Irydrogen representing about 900
moles, from a solution having the following molar com-
poaition: 85 H,PO,, 85 NH,HSO,, 140 NH,NO,, 125
(NH,)$0, and 1545 H,0. The reaction mixture is
relained for 0.5 bours in reactor A st a pH of about
1.5-1 snd a temperature of 80 °C. The hydroaylamine
salt solution thus obtained has the following molar
composition: 30 HyFO,, 70 NH,NO,, 210 (NH,),50,.
55 NH,OHH,PO, and |.800 H,O and a crystallization
temperature of about 60 “C. Gassous components,
mainly hydrogen, the remainder nitrogen and nitrogen
oxides were discharged through waste gas conduit 3.
The entire guantity of hydroxylamine salt solution
produced is tooled in cooler B1 10 about 30 °C.

An amount of 7.5 moles of (NH,),SO, crystallizea
out of this solution, The crystallized (NH,)SO, is
scparaled from the hydroxylamine salt solution by
means of a centrifluge C1. In the oxime synthesis reac-
tor D cyclohexanone oxime is prepared as described in
copending application Ser. No. 73,906 filed concur-
rently herewith by addition of 55 moles of cyclohex-
anone. Afier removal of 55 moles of the oxime, nitric
acid and sulphuric acid are added, in mixer E, to the
hydroxylamine-free solutiof thua obtained. The quanti-
ty of pitric acid added is equivalent to the quantity
previously converted in reactor A namely 70 moles,
snd is conveniently in the form of & 55 percent-by-
weight squeous solution of nitric acid, and 7.5 moles of
sulphuric acid is also added in the form of a 95 percent-
by-weight agueous solution of the acid, which is abo
equivalent to the quaniity of (NH,),80, crystals previ-
ausly separated from the circulating liquid.

in un evaporator F1 the resction water is removed
from the circulating liquid and the volume thereof is
reduced, whereupon the resulting solution, suitable for
the hydroxylamine synthesis, it fed back to reactor A
for further hydroxylamine synthesis.
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EXAMPLEI

A hydroxylaviine salt solution is prepared in reactor
A, in u similar manner as in example I, with the aid of a
palladium-loaded activated carbon catalyst and
hydrogen, from a solution having the following molar
camposition: 100 H,PO,, 100 NH,HSO,, 100 NH,NQ,,
100 (NH,)E0, and 1,700 H,O. The reaction mixture is
retained in reactor A for a period of 0.5 hours st 60 ° C.
at & pH of 1.5 - 2 in the presonce of 988 moles of
molecular hydrogon. The hydrozylamine salt solution
thus obtsined has the following molar composition: 44
HaPO,, 22 NHNO,, 191 (NH,),80,, 56 NH,OHH,PO,,
9 NH,OHNH, SO, and 1,869 H O and a crystallization
temperature of about 45°C.

From s portion of the sbove resction mixture 127
moles of water is evaporated in evaporator F2. The
concentrated solution has the following molar com-

: 12 HPO,, 6 NHNO,, 52 (NH,)S80,, 15
NH;OHH,,, 2 NH;,OHNHSOQ, and 178 H,O, and a
crystallization tempersture of about 55 "C. The solu-
tion is then cooled in a cooler-crysialiizer B2 to about
30 °C, ws a remult of which 6.5 moles of (NH,)SO,
crystallize out. The crystals are sepurated from the
hydroxylamine.containing solution in centrifuge C2.
The part-siream thus obtained i= now added to and
mived with the mam stream, and cychshevamme ovime
in preparsd by adding 65 moles of cyclohexanone to the
solution containing hydroxyixmine. The oxime forma-
tion proceeds substantially as described in British Pat.
No. 1,138,750; 65 moles of the oxime are recovered.

Nitric and sulphuric acid are added 1o the solution
exhausted in hydroxylamine which leaves the oxime
synthesis reactor D. In mixer E 78 moles of HNO, are
added, conveniently in the form of a 55 percent-by-
weight squeous solution of the acid, this quantity
equivalent to the quantity previously converied in the
hydroxylamine synthesis reactor, and 6.5 moles of
sulphuric acid, in the form of a 95 perceni-by-waight
aqueous solution of the acid, which Is equivalent to the
quantity previously scparsted in the form of (NH,):80,
crystals. In an evaporator F1 the reaction water and the
quantity of water added with the nitric and sulpburic
ucids is removed from the circulating liquid, wherey-
pon a suitable starting solution for the bydroxylamine
synthesia is fed back to the synthésia reactor A.

We claim:

1. In a continuous process for the preparation of an
aquecus solution containing hydroaylammanium salt in
a reaction zone, wherein nitrate ions in an ncidie ague-
ous reaction medium buffered to a pH of 0-3 in said
reaction zone are reduced by molecular hydrogen in
the presence of a catalyst at & temperature above at
least the freezing point of the reaction medium with the
farmation of ammonium ions wa & by-product of sak
process, the improvement wharein both sulphate and
phosphate ions are present in said reaction medium,

the molar ratio of said sulphats ions and

phaspbaie ions present axprossed ap:

(280,)(1PO,)

in at leant 2, and
ssid ammonium jons thus formed and present in aaid
agueous solution contsining hydroxylammonium sait
are scparatad therefrom in the form of solid ammonium
sulphate.
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1. A continuous process for the preparation of an
aqueous solution containing hydroxylammonium salt in
a reaction zone A wherein nitrate ious in an wcidic
aqueous reaction medium buffered to a pH of 0-3 in
sald reaction zone are reduced by molecular hydrogen
in the presence of a catalyst at a temperature above at
least the freszing point of the reaction medium with the
formation of ammonium ions as s by-product of said
process, the procem including both sulpbate and
phosphate ions present in said reaction medium,

the molar ratio of said sulphats ions and-

phosphate ions present expressed as:

(£50,)/(2PO,)

isatlcast 2, and
said ammonium ioma thus formed and present in said
squeous solution containing hydroxylammonium salt
are separated therefrom in the form of solld ammonium
sulphate, said reaction zone A for the preparation of

13

zone A to reaction zone B and returna to reaction zone
A,wherein:

a. said circulating agueows solution is enriched in
hydroxylammonivm salt in reaction zone A and
conducted to reaction zone B,

b. waid hydroxylammonium ealt, when reacted with
cyclohexanone, is decomposed mto cyclohex-
snone oxime and an acid in reaction sone B,

c. said acid produced in step (b) together with said
circulating liquid is returned to reaction zone A
where it is again enriched in hydroxylammonium
salt,

the improvement wherein said ammonium ions
formed as a by-product of the hydroxylammonium
salt synthesis are continuoualy separated from said
circulating Jiquid in the form of ammonium
sulphate crystals.

3. The procem of claim 2 whersin mid ammonium

sulphats erystals are separaiad from that portion of sald

hydroxylammonium salt is in fluid communication with 20 circulating liquid flowing to reaction zone B for the

a reaction zone B for the syfithesis of cyclohexanone
oxime,
in sid reaction rone B cyclohexanone is continu-
ously contacted in counter curront with an aque-
ous solution comprising said hydroxylammonium
salt, and
a circulating aqueous solution passos from reaction

ArANTARAL | »
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45

synthssis of cyclohezanone oxime.

4. The process of claim 1 wherein mald separation of
ammonium sulphate i&a effected by cooling said aqueous
solution containing the hydroxylammonium salt.

5. The process of claim 4 wherein said aqueous solu-
tion is concentrated by evaporation before cooling.
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[57] ABSTRACT

A process for the continuous preparation of an oxime
from cyclohexanonc and an aqueous buffered solution
of & hydroxylammonium salt together with frce phos-

_phoric acid, phoaphates, nitrates, and optionally sul-

phates all in controlled amounts and withaut the use
of an organic solvent is disclosed. The resulting aque-
ous reaction mixture contains a manageable amount
of unreacted cyclohexanone which is subsequently re-
covered and recirculated.

1 Claim, No Drawings
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CONTINUOUS PREPARATION OF
CYCLOHEXANONE OXIME
Thix ix a continuation, of application Scr. No. 73,906
filed Sepl. 21, 1970, now abandoned.

BACKGROUND OF THE INVENTION

This invention relafes to an improved process for the
eontinuous preparation of cyclohexanone oxime, in
which cyclohexanone is reacted with a counter-current
of  buffered aqueous solution of hydroxylammonium
salt derived from a relatively weak acid. such as phos-
phoric acid, ammonium hydrogen sulphate or an alkali
hydrogen suiphate.

It has already been proposed in British Pat. No.
1,138,750 10 carry out such a process in the presence
of u non-water-miscible or pourly walcr-mmeible ot-
ganic solvent for cyclohexanonc and the cyclohexn-
nonc oxime product, which, together with the cycio-
fiexanone, Mowx in counter-current to the aqueous so-
lution of the hydroxylammonium sali on the one hand,
a pure solution of the oxime in the solvent is then ob-
taincd, and on the other hand only a small amount of
cyclohexunone remains dissalved in the solution lear-
ing the reactor, which is virtually exhausted in hydrox-
viammonium salt. In this manner the hydroxylam-
monium salt is efficiently used. A further advantage of
the organic solvent process is its {lexibility with respect
to the temperawre conditions; operational tempera-
tures heluw the solidification point of the oxime formed
are not vhjectionable, the possibility of solid matter
being deposited und clogging the equipment is obviated
since the oxime is kept in solution in the erganic sol-
venl.

Morcover, in the absence of an organic solvent there
is a risk of cyclohexanone and the cyclohexanone
oxime thus formed being atiacked by the acid reaction
medium. which becomes increasingly acidic as addi-
tional hydrozylammonium salt is consumed. When the
process is practiced using an organic solvent, attack is
possible only at the interfuce between the organic sol-
vent and the more or less acidic aqucous solution con-
taining the hydroxylammonium salt, thereby the risk of
attack by the acid reaction medium is considerably re-
duced.

However, attendan! with the above advantages is the
disadvantage of the cost of separation of the oxime
from the solvent by distillation. If no organic solvent
were used in the continuous preparation of the oxime,
this cost of distillation could admittedly be saved, but
unly a1 the expense of the other above-mentioned ad-
vantages. Also, the additiopal cost of stripping the un-
reacied cyclohexanone from the aqueous solution vir-
tually exhausted in hydroxylammonium salt that has re-
mained behind is a consideration when an organic sal-
venl is nut used.

DESCRIPTION OF THE INVENTION

It has now been found that a cyclohexanone oxime of
sufficicnt purity, comparable to that produced using an
urganic solvent, can also be obtained in a continuous
process without the use of an organic solvent when the
proccss is carricd out such that the contact time be-
tween the aquenus solution containing the hydroxylam-
monium salt and 1he cyclohexanone flawing in counter-
current dous not exceed a total contact time of 6 min-
utes. Indeed. the process of the present invention is
cven more economical than e similar process using un
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organic solvent provided that the composition of the
aqueous solution starting material contnining the hy-
droxylammonium salt is selected such that no more
than 0.9 ton of cyclohexanone per ton of cyclohexa-
none oxime produced remains dissolved in the effluent
solution and need be recovered therefrom.

The time of contact between the aqueous solution
containing hydroxylammonium salt whether or not
other dissolved substances are present and the cyclo-
hexanone is actually the residence time in minutes in
the reaction zone R which is equal to the reaction val-
ume V divided by the sum of the feeds to the synthesis
rone or reactor If of the aqueaus solution containing
hydroxylammonium salt and the cyclohexanone, mea-
sured in parts by volume per unit time. This relution-
ship in represented by the equation:

R = V/f

With a longer contact time than 6 minutes, the risk of
attack by the acid reaction medium attended by forma-
tion of unwanted by-product increases. Notwithstand-
ing the above, with a Jonger contact time of for exum-
ple 30 minutes, an oxime of reasonable quality can still
be obtained. However, in that case it should be taken
into account that the cost of purifying the caprolactam,
the uitimate product obtained from the rearrangement
of the cyclohexanone oxime, may increase. Thus oper-
ation uxing a contact time in excess of about é§ minutes
does nat affect the principles of the invention but gen-
erally will only add 1o the cost of the process.

The quantity of cyclohexanone to be recovered from
the reaction mixture per kg of oxime produced depends
only in purt on the solubility of the cyclohexanonc in
the efMuent aquenus sulution exhausted in hydroxylam-
monium salt. Another factor which plays u role in the
quantity of cyclohexanone recovered is the composi-
tion of the starting solution contaming hydroxylam-
manium sait. More particufarly, the conceniration of
hydroxylammonium salt and the concentration of other
components dissolved in the starting hydroxylam-
monium salt solution affect the quantity of cyclohexa-
none. in 1ons per ton of oxime produced, remaining be-
hind in the aqueous solution exhausted in hydroxylam-
monium salt. Therefore, the higher the concentration
of dissolved substances in the original solution cuntain-
ing hydroxylammonium sait, the smaller the quantity of
cyclohexanone to be recovercd will be.

in the known process, as discussed in U.S. Pat. No.
3,514,254, the disclosure of which is hereby incorpo-
rated by reference, of preparing a hydroxylammonium
salt solution by catalytic reduction of nitrate jons in a
reaction medium buffered with phosphate phosphoric
acif, the hydroxylammonium dihydrogen phosphate
solution produced always contsins the primary alkali
and/or ammonium salts of phosphoric acid ond ammo-
nium nitrate in addition to free phosphoric acid.

In order 10 maintain the activity of the catalyst in the
reduction reaction, it ix desirable, oa the one hand, o
use & minimum nitrote content of 0.7 mole per kilo-
gram of solution. However, on the other hand, this con-
tent cannot be increased indefinitely, since a high con-
centration of nitrate in the reaction solution will affect
the solubility of the other components. Therelare, in

¢ practice the concentration of ammonium salts will not

exceed 4 moles per kg of solution. Since the prepara-
tion of hydroxylamine by catalytic reduction of nitrate
ions with phosphate snd phosphoric acid in a buflered
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solution is generally carried out at a pH of 1.3 - 2.0,
measured with a pH meter, at a temperature of about
20° to 90 °C, the ratio between phosphate and phos-
phoric acid is in practice within certain limits, for in-
stance, of about 2 10 3, z0 that only the concentrations
of dissolved phosphate and phosphoric acid can be var-
ied.

It has now been found possible to meet the condition
that the quantity of cyclohexanone remaining behind in
and 1o be recovered from the cifluent aqueous solution
of the oxime synthesis should not exceed 0.9 per kg of
oxime produced, by maintaining the concentration of
hydroxylammonium salt and the concentration of dis-
solved phosphate and phosphoric acid present in the
starting solution above certain values. Moreover, the
presence of other salts, particularly sulphates, has been
found to have a very favorable effect, in that these salis
considerably reduce the quantity of cyclohexanonc to
be recovered. For, it has been discovered that, if the
slarting solution is a hydroxylammonium saht solution
which, in addition to the hydroxylammonium dihydro-
gen phosphate und at least 0.7 mole/kg of nitrate, con-
tains free phosphoric acid and alkali or ammonium
salts of phosphoric acid. and, il desired, the corre-
sponding salts of sulphuric acid, and if the solution has
» pH, measured with a pH meter of 1.3 to 2.0, the quan-
tity of cyclohexanone remaining behind in the effluent
exhausted aqueous solution can be kept from exceed-
ing 0.9 kg of oxime. This maximum desired cyclohexa-
none content will be controlled provided that care is
taken that the hydroxylammonium salt content of the
starting solution is equal to or higher than 0.5 mole/kg
solution, and that the sum of the concentrations of dis-
solved phosphoric acid, phosphates, and sulphatcs, if
present (which sum will hereinafter be written as 2PO,
and PO, + 5O, respectively). does not exceed | mo-
le/kg of solution.

The higher the concentration of the hydroxylam-
monium salt and the higher the concentration of ZPO,
or PO, + zp« in the siarting solution, the smaller the
quantity of cyclohexanone to be recovered from he ef-
fluent solution exhausted in hydroxylammonium sait.
Of course it is desirable to maintain the quantity of un-
reacted cyclohexanone as low as possible in order 10
increase efficiency of the reaction and decrease cyclo-
hexanone recovery costs.

For instance, the quantity of cyclohexanone 1o be re-
covered per kg of oxime produced is less than 0.5 kg
if the hydroxylammonium salt content of the starting
solution is about 0.7 mole/kg and ZPO, = 2.0 moles/ks.
Particularly advantageous is the presence of dissolved
sulphate in the starting solution. In the presence of, for
instance, 1.75 moles of sulphate/kg of solution in addi-
tion to | male of (PO,] /kg, at a hydroxylammonium
salt content of 0.66 mole/kg, the quantity of cyeloheza-
none to be recovered is 0.09 kg per kg of oxime pro-
duced. The use of n favorebie ratio of $0, 1o PO, in the
synthesis of the hydroxylammonium sait is described in
copending application Ser. No. 73,905 filed Sept. 21,
1970, the disclosure of which is hereby incorporated by
reference.

The oxime production according to the present in-
vention can be carried out in normal counter-current
reactors, such as packed columns, sieve-plate, or so-
called “rotating-disc* reactors, in which the organic
phase, the cyclohexanone, and the aqueous solution
containing the hyroxylamine are in contact with each
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other in fine dispersion, Il required, an even finer dis-
persion can be obtained by pulsating the liquid streams.
Pressure within the reaction zone varies with the reac-
tor used; however, while presures with the range of
about | to 20 atm. are particulerly effective, higher
pressurcs may be used.

The oxime synthesis reaction can also be conve-
niently carried out in a number of reactors, for example
three to six reactors arranged in series and equipped
with stirrens, esch reacior being provided with u Ji-
quid/liquid separator, and the cyclohexanone being
continuously fed to one end and the aqueous hydrox-
ylammonium salt solution continuously supplied to the
other end of the battery of reactors.

One embodiment of the invention in shown schemati-
cally in the accompanying drawing. According to this
embodiment, the oxime preparation is carried out in a
counter-current reactor A, the top and bottom ends of
which are widened to function as liquid/liquid separa-
tors. The organic phase, that is the cyclohexanone, is
fed to the bottom of the reactor through a pipe 1, the
heavier water phase is fed to the top of the column
through a pipe 2.

In the top of column A the oxime formed separatex
from the water phase. A sufficiently high temperature
is maintained here of about 80° to 120 °C which is
above the solidification point of the watercontaining
ozime in order to keep the oxime in the molten condi-
tion. Apn operational pH of about 0.3 to 1.0 is main-
tnined. The oxime phase, which still contains about |
10 2 percent by weight of non-converted cyclohexa-
none, is fed, through s pipe 3, 10 a secondaury stirved re-
actor B, to which arc fed also u small amount of solu-
tion conwining hydroxylammonium salt. through a
pipe 22, and an alkaline reagent, preferably ammonia,
through a pipe 4, in such a quantity that the pH in the
secondary reactor is maintained at a value of approxi-
mately 4.5,

From the secondery reactor B the reaction mixture
flown, through a pipe 5, 10 the liquid/liquid separator C,
where the molten oxime produced is separated from
the water phate and carried off through a pipe 6. This
oxime can be rearranged to caprolactam as disclosed,
for example, in U.S. Pat. No. 2,769,000 after having
been washed with water to remove impurities if ncces-
sary.

The water phasc discharged from the bottom of acpa-
rator C is fed to the wp of column A through a pipe 7.
In the base of column A a water phase virtually ex-
hausted in hydroxylammonium salt is collected, in
which, for example, 1-6 percent by weight of cyclohex-
anone has remained behind, Thia water phase is fed,
through a pipe 8, to the top of a stripping column D,
where the cyclohcxanone dissolved in the water phase
is stripped off by heating, for example with steam sup-
plied through a pipe 9. The top product, a cyclohexa-
none-water azeotrope, is condensed in a condenser E.
The condensate flows into a separator F, from which
the top layer of cyclohexanone is fed back to the reac-
tor A through a pipe 10; the cyclohexanonc-frec water
phase s discharged from the bottom of the stripping
column D through a pipe 11.

Said water phase may be recirculated from pipe 11
to a hydroxylammonium salt synthesis zone (not
shown), to sérve as reaction medium therein, in which
case the hydroxylamine thus formed rcacts with the
acid present in the water phase previously removed
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from the hydroxylammonium salt o form the hydrox-
ylammonium salt, whereupon the hydroxylammonium
salt solution thus obtained is recirculated to the ozime
synthesis reactor A through pipe 2. A witable proces
for preparing a solution containing hydroxylammonium
salt is described in U.S. Pat. No. 3,514,254, the disclo-
sure of which is hereby incorporated by reference.

The process according o the invention will be eluci-
dated by meens of the following working examples, In
these examples, the starting solutions conteining hy-
droxylammonium salt differ one from the other in com-
position, in that different compositions of make-up so-
lution are supplied to a hydroxylammonium salt synthe-
sis zone. In the following examples the solution con-
raining the hydroxylammonium salt is prepared secord-
ing to the proceas disclosed in U.S. Pat. No. 3,514,254,

The data given in these examples and the resulis ob-
tained have been listed in the following table.

15

order not to work precisely on this border line, the
IPO, content will have to be higher than 1. s is illus-
Il;lled by examples 7 and 13 in comparison with exam-
ple L.

Excellent results are obtained if a large quantity of
salt is present in solution. In that case, the content of
cyclohexanone remaining behind, and hence the quan-
tity of cyclohexanone to be recovered, is greatly re-
duced, as will be confirmed by comparing examples 26
and 29 with example 13.

We claim:

1. A process far the continbous preparation of cyclo-
hexanone oxime which comprises:

&. reacting in the absence of an organic solvent cyclo-
hexanone in an oxime synthesis zone with a coun-
ter-current of a buffered aqueous solution contain-
ing hydroxylamine having a pH of about ).3 - 20
and comprising:

* Cycluhas- Cycinhar-
anome Amn

cuatent of o he re-

Cumputition of the feed ta the bydrozylamine Hydrorylammenium cxhamsted cuperated
synthesis. molkes malt solutiva anaised aqueusus kg per kg

{Procen stream 1) mlnl;iln. ol anine

by weight
* NHOH*., PO, PO4S0,. Proeess Process
Example H,PO, HNDO, NHNO, HSO, {NH, 50, H O moley moken moles stream fireln
kg g L1 H 10

] 100 10 100 - - 4250 088 ' 1D 1.0 6.2 on

2 125 60 145 - - 140 0.543 14 10 3.4 a8l

] 150 40 190 - - a300 0453 14 (K11 32 1.1

4 173 d 215 - -— 1470 0.9 14 [ ] 49 L

3 100 - 180 -_ -_— FNE ] 0.34 1.0 1.0 4.6 1L.21

4 100 [ 11} 80 - - 3130 ois 1.2§ 1.25 (1] Ul

7 115 60 120 - - 4.100 068 123 1.25 3.5 (LN p

8 150 40 180 - - 41,970 0.543 1.2% 1.3 49 u.1?

9 173 20 200 - - 3833 0.415 1.28 1.28 4.5 0.1
Lo 200 - 140 - - 6.700 0423 123 1,23 4.2 0.n7
it 100 80 a7 - - 1350 1.02 1.8 1.3 s Y}
12 125 60 103 - - 3,250 0813 (R ] 1.5 50 nsa
13 150 40 140 - - 3,930 n.64 13 [ 44 D37
L] 175 wn 177 - - 4,650 0nse 18 1.5 40 u.6l
15 200 - 21) - - 5330 0.51 1.3 1.5 32 0.60
16 100 10 30 — - {.710 1.36 28 10 ir aJ
\7 125 60 L 1] - - 2,200 1.09 140 L) 4.6 037
18 150 40 1s - - 1450 0.908 1.0 14 19 08
1% 173 20 1] ] - - %160 0.118 10 10 34 0.3y
0 100 - 180 - - 15640 0.8 140 1.0 3.1 040
21 100 10 40 - - 1,200 1.70 15 1.5 5.7 a0
21 125 &0 0 - — 1360 L.36 13 L5 ] 4.) u.2i
1 150 40 100 - - 1910 LIg 13 15 34 0.2¢
24 175 20 130 - - 1.260 0.97 15 25 9 0.26
25 200 - 160 - - 1420 0.8s 25 2 26 0.27
L) 100 - 00 44 130 3.000 0603 18 173 0.3 ne
M 115 - 278 178 315 3,000 0.70 1.28 1.0 9 .31
18 113 - 5 1.5 1S 1,000 0.625 1.18 .13 1.l 0.20
29 100 - e - 73 100G 0.60 1.0 1.73 1.1 0,20
Jo 113 - 135 0 1.59 [R]}

1,500 L24 24 30

From the foregoing examples it is apparent that if the
solutions containing hydroxylammonium salt are free
of suiphate and have a hydroxylammonium salt content
below 0.5 mole, the quantity of non-converted ¢yclo-
hexanone 1o be recovered exceeds the value of 0.9 kg
per kg of oxime produced (see examples 3, 4 and 5),
and as u consequence the process, while operable, can
no longer compele with the oxime preparation using a
non-water-miscible or poorly water-miscible organic
salvent.

Border-line casex in which the quantity of unreacted
cyclohexanone is near the 0.9 kg limit are those exam-
ples (examples | and 2) in which, aithough the hydrox-
ylammonium salt content is higher than 0.5 mole/kg,
the concentration of SPO, is just equal to unity. In

W5SDOCID <US  IBEZAN0AT 1 »

hydroxylammonium dihydrogen phosphate present
in an amount at least equal to about 0.5 male per
kilogram of said solution,

ammonium nitrate, nitric acid or mixtures thereof
present in an amount of at least about 0.7 moles
per kilogram of said solution,

phosphoric acid and » compound selected from the
class consisting of alkali salts of phosphoric acid,
ammonium salts of phosphoric acid and mixtures
thereof, the total concentration of phosphoric acid
and said salt when dissolved is at least equal to
about | mole per kilogram of said solution, and a
member selected from the class consisting of alkali
salts of sulphuric acid, ammonium sals of sul-
phuric acid and mixtures thercof; the contact time
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being the residence time of the respective fluids in
the oxime synthesis zone as expressed by the gen-
enal equation:

R=V/3If

wherein R is the residence time in the aynthesis zone in
minutes, V is the reaction valume, and Ef is the sum of
the feeds to the synthesis zonc measured in parts by

BNSDOGID <UE  WEZII0A1 | »

5

15

15

30

5

4t

45

55

65

8
volume per unit of time, and R does not exceed 6;
b. scparating -the oxime from the reaction mixture;
and
¢. discharging from gaid oxime synthesis zone a solu-
tion virtually exhausted in hydroxylamine and con-
1nining not more than about 0.9 kg of unreacted cy-

clohexanone per kg. of oxime produced.
- ® ¥ & ¥
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RECYCLING PROCESS FOR THE PREPARATION
OF CYCLOHEXANONE OXIME

CROSS REFERENCE TQ RELATED
APPLICATIONS

‘This application i a continuation-in-part application
of Ser, No. 542,045, filed Jan. 17, 1975, which is relied
upon and incorporated hevein by reference. This appli-
cation is alsc a continuation-in-part application of U.S.
Pat. Application, Ser. No. 564,085, filed Apr. 1, 1975
in the name of the inventor for IMPROVED CYCLIC
PROCESS FOR PREPARING AND WORKING UP A
HYDROXYL-AMMONIUM SALT SOLUTION,
which is also relied upon and incorporated herein by
reference. Said U.S. Pat. Application Ser. No. 542,045
(filed Jan. 17, 1975) i in turn a continuation-in-part
application of both U.S. Pat. Applications Ser. No.
95,389 and Ser. No. 95,318, both filed on Dec. 4, 1970.
U.S. Pat. Application Ser. No. 564,085, filed Apr. 1,
1975, in the name of the inventor, for IMPROVED
CYCLIC PROCESS FOR PREPARING AND WORK-
ING UP A HYDROX YL-AMMONIUM SALT SOLU-
TION. is a continuation-in-part application of (a) Ser.
No. 422,711, filed Dec, 7, 1973, which in turn is & Rule
60 application of Ser. No. 114,172, filed Feb. 10, 1971
and now abandoned, and (b) Ser. No. 422,711, filed
Dec. 7, 1973, which is in tum is a Rule 60 application
of Ser. No. 114,171, filed Feb, 10, 1971, now aban-
doned. )

BACKGROUND OF THE INVENTION

The invention relates to a cyclic process for the prep-
aration of cyclohexanone oxime from cyclohexsnone
and a hydroxyl-ammonium salt which includes the
sieps of preparing a solution of the required hydroxyl-
ammonium 1alt and of reacting the hydroxyl
ammonivm salt with cyclohexanone.

British Patent Specification No. 1,283,394 discloses
2 process wherein a buffered aqueous reaction mediom
showing an acid reaction is recycled between (1) 2
zone for the synthesis of hydroxylammonium ions by
means of molecular hydrogen, and (1) a zone for the
synthesis of cyclobexanone oxime, in which the result-
ing hydroxyl ammonium ions react with cyclohexanone
to form cyclohexanone oxime. In this process the buff-
¢ring action of the reaction medivm i due to the pres-
ence of buffer acids and salts thereol, in the reaclion
medium. ¢.§., phosphoric acid and/or bisulphate as a
buffer actd with a phosphate and/or sulphate, respec-
tively, as u buffer salt,

Before the recycled aqueous reaction medium is
pussed into the zone for the synthesis of hydroxyl-
ammonium salt, it is eariched with the required ritrate
ions either by additiow of nitric acid or by absorption of
nitrous gases in the aqueous reaction medium, in which
instance nitric acid i formed in situ,

The catalyst used for the reduction of the nitrate ions
is. for instance pailadium or a palladium-platinum al-
loy. und the cotalyst support is, for instance, carbon or
aluminum oxide. The carrier is loaded with catalyst so
that the supporting material contains, e.g.. 3-20% by
weight of cutalyst.

The aforementioned reference discloses that the ac-
tivity of such a catalyst is adversely affected if the cata-
lyst is contaminated with orgunic substances. such as
the cyclohexanone to be converted or the cyclohexa-
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reference teaches reducing the total contenm: of dis-
solved ketone and oxime in thé recycling liquid to a
value of at most 0.02% by weight by heating the recy-
cling liquid at a temperature of at least 50° C in the
presence of nitrous gases, before the récycling liquid is
passed into the zone for the synthesis of the hydroxyl-
ammonium salt. The required amount of nitrous gases
can then be adjusted by adding nitrous gases or an
alkali nitrite.to the recycling liquid.

This known process for lowering the ketone and
oxime content has the following drawbacks:

1. A large amount of recycling liquid per ton of final
product must be subjected to saxd heat-treatment.

2. If an ammonium salt s used as a buffer salt in the
recycling liquid, the ammonium-ion conteat may be-
come tog low, because the known reaction of ammo-
nium fons with nitrous gases with simultanegus forma-
tion of nitrogen at a temperature of over about 40° C
appeamn to proceed at least equally as quickly as the
reaction in which the catalyst poitons are rendered
harmiess.

3. As any hydroxyl-ammonium salt present during
the heat-treatment may decomposc, the overall process
efficiency in using an excess amount of hydroxyl-
ammonium salt in order to obiain cyclohexanone
oxime with the lowest pomsible cyclohexanone content
is not always controllable.

SUMMARY OF THE INVENTION

It has now boen found that tha gbove drawbacks can
be obviated, and yet the activity and selectivity of the
catalyst can be retained, by heating and recycling liquid
parily and/or periodically at a temperature of at laast
120" C and under pressure in contact with nitrous
gmses, before it is passed into the 2one for the synthesis
of hydroxyl-ammonium salt. If the heat treatment is
applied to only part of the recycling liquid, e.g. 10%, at
atmospheric pressure and at a lower temperature, ¢.g.
50"-80°C, (1) the deaired effect of the improvement of
the invention is not realized, and (2) reduction of the
activity and selectivity of the catalyst to a considerable
extent, apparently, occurs. Examination of this adverse
effect on the catalyst discloaed that the cyclohexanone
oxime still contained in the untreated pan of the recy-
cling liquid ® reduced to cyclohexylamine, which,
when subjected to a heat treatment at a temperature of
below 120° C, decomposes and is converted into cata-
lyst poisons.

The relation between the temperature of the heat
treatment in question and the cyclohexylamine content
of an aqueous solution that is comparabie to the recy-
cling liquid is apparent from the results of a number of
experiments at various iemperatures, which are com-
piled in the table below. In each experiment nitrous
gases (cbtained by mixing 28 parts by volume of nitro-
gen monoxide and 72 parts by volume of air} were
passed through 1500 grams of aqueous solution for
about Z hour at the rate of 7 liters per minute. The
aqueous solution was contained in an autoclave under

60 autogenous pressure (based on atmospheric pressure at

65

room temperature) and contained ! mole of artho-
phosphoric acid, 1.1 moles of mono-ammonium phos-
phate, 2 moles of ammonium nitrate, and 0.4 gram of
cycloheayl amine per kilogram at the start of euch
experiment. The amount of nitrous gases passed
through was considerably larger than was required for
the decomposition of the ammonium ions according to

nonc oxime product. To overcome this problem, the  the reaction:
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INHNO+NO, — 2N+ 3 HO+ 2 H?

in which the requred nitrogen dioxide was formed by

oxidation of the nitrogen monoxide with the oxygen of 5

the air in the nitrous gases used.

4
ammonium salt to produce an oxime. The nitrate ions
comsumed in the hydroxyl-ammonium synthesis zone
are added to the circulsting reaction medium just be-
fore the reaction medium ix introduced into the hy-
droxyl-ammonium salt synthesis zone. The nitrate ions
are generally added in the form of nitric acid of approx-

Table
:ntltelyl aming and
oanlym ‘S of origimal
formed therofrem, % of ori amount mmount of
Temp. m % of ariginal of cyclohorxyl amine beyl aming dis-
n smneni of cyciohesyl converted into dicar- chn as carbea
'c umine bozylle acids dionl
0 L] 1 a
o0 % 43 1.5
] 1] 14 1
100 5) ) 1
(L] mw 1] n
125 [ 1) (1] 35
130 1] 53 43

As appears from the table, the cyclohexyl amine has
compietely decomposed at the temperatures 125° and
150° C. The carbon dioxide formed from the cyclo-
hexyl amine i discharged as 2 gas, while the dicarbox-
ylic acids formed from the cyclohexyl amine, together
with the cyclohexanone oxime, are removed from the
recycling liquid by extraction. Thus, it is an object of
the invention to remove from the reaction medium
those organic substances which will contaminate the
catalyst employed 15 reduce the nitrate jons.

DETAILED DESCRIPTION OF THE INVENTION

The chemical reactions taking place during the suc-
cemive steps of the process for the preparation of cy-
clohexanone oxime wherein the reaction medium com-
prises a solution conlining phosphoric acid, are as
follows:

1. formation of hydroxyl-ammonium sall in the hy-
droxyl-ammonium salt synthesis zone:

b I:‘lfoo. + NOy"+ 3 Ny — NH;OH* + 2 HJ'O +

2. formation of cyclohexanone oxime in the oxima-
tion zone:

o

40

fmately 60 weight percent

The nitrats ions in the hydroxylamine synthesis zone
are fint converted into hydroxylamine which in turn
reacts with the available buffer acid in the reaction
medium, forming the corresponding  hydroxyl-
ammonium salt. The resulting solution obtained, con-
taining hydroxyl-ammonium salt, is withdrawn from the
hydroxylamine synthesis zone and circulated to the
oximation zone, where the hydroxyl-ammonium salt,
together with a ketone, which & ako fed to the oxima-
tion zone, forma the corresponding oxime, with libera-
tion of acid- The oxime is removed from the oxime
synthesis zone. The reaction medium withdrawn from
the oxidation zone contains small amounts of oxime
and ketone. This agueous reaction medium is then
returned to the hydrozylamine synthesis zone.

Following the make-up of HNO,, a solution is again
available which, afier removal of both the water
formed by the reaction and the water introduced with
the nitric acid make-up, will, theoretically, have the
same composition as the initial solution used for the
formation of hydroxyl-ammonium salt. This solution is
then circulated back to the hydroxylamine synthesis
zone, The reduction of the nitrate fona in the hydroxyt-

’o ’n—ou
Nu.on-+zu.|-o;+zn.o+® — 4+ HyPO, + HPO; + JH,

3. make-up, in the form of HNO,, of nitrate jons
consumed, after the oxime formed has been separated
from the reaction mixture: 3

HQ, + K, PO,” + HND, — 1 HPO, + NOy-

The cyclic process for the preparation of oximes
from hydruxylamine of a hydroxyl-ammonium salt i
carried out in an acidic, buffered, aqueous reaction
medium containing bulfer acids such as phospharic
acid, bisulfate or buffer salts derived frum these acids
and mixtures thereof. The reaction medium is circu-
fated between a hydroxyl-ammonium salt synthesis
zone, where nitrute ions, which have been added to the
reaction medium, are catulytically reduced with molee-
ular H; to hydroxylamine. and an oximation zone
where a ketone is sdded to rcact with the hydroxyl-

53
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amine synthesis zonc is accomplished in the presence
of a catalyst; usually a palladium catalyst is used al-
though a palladium-platinum alloy catalyst can be used.
The palladium i suspended on a carrier material of
carbon or sluminum oxide. The carrier material is usy-
olly loeded to a desired degree, for instance, 5-20
weight percent of palladium, based on the carrier.
Organic substances, such as the ketone which is to be
converted into oxime, and the resulting oxime itself,
have an adverse effect on the activity of the catalyst if
allowed 1o come into contact with the catalyst. To
prevent the catalyst from being poisoned by these com-
pounds, the circulating reaction medium must be
purged of the ketone and oxime cuntaminants prior to
its entering the hydroxylimine synthesis zone. The
ketone and oxime content of the reaction medium
should preferably be reduced to a value of not more
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than 0.02% by weight before the reaction medum i
recirculated to the hydroxylamine synthesis zooe.

‘The invention is directed 10 a cyclic process for un-
dertaking those threc reactions. The cychc process of
the invention s directed to an improvement in a pro-
cess which comprises recycling an acidic aqueous buf-
fer reaction medium which contains an ammonium milt
as the buffer salt from a zone in which the step of cata-
Iyticatly reducing nitrate ions to hydroxyl-ammonium
ions (the acid salt of bydroxylamine) is undertaken to a
zone in which sid hydroxyl ammonium ions react with
cyclohexanone to form cyciohexanone oxime, wherein
the required amount of nitrate (lons) and cyclohexa-
none are fed to the respective zones and wherein cyclo-
hexanone oxime is discharged from the zone in which it
is produced. The improvement of the imvention com-
prises heating at least & portion of that liquid which is
recycled between the two aforcmentioned zones to a
temperature of at least 120° C, at an absolute pressure
which is greater than one pressure absolute and in the
presence of nitrous gmses, wherein heating i under-
taken after the liquid has been discharged from the
zone in which cyclohexanone oxime i synthesized and
before the liquid is fed into that zone in which hydrox-
yl-ammonium mbt is produced. This heating step can be
undertaken periodically in the continuous process of
recycling said liquid.

The temperature in the hydroxylamine synthesis zone
ranges from about 40° to about 100° C, while the tem-
perature in the oxime synthesis 20ne ranges from 40° to
90° C. These two zones may be maintained nt atmo-
spheric, sub-atmospheric or at clevated

The heat treatment according to the invention may
be carried out at various temperatures over 120° C.
The beat troatment, in accordance with the invention,
in undertaken at clevated pressure. The clevated pres-
sure is chosen, in relation to the temperature of the
heat treatment, to maintain the recycled liquid in the
liquid state. As the temperature chosen for heat treat-
ment increases, it is obvious that correspondingly
higher pressures will have to be used in order to keep
the recycling liquid to be treated in the liquid state. For
practical purposes it suffices to use temperatures not
exceeding 175" C. At temperatures between 120° and
175° C the required pressurc variea batween sbout 1.1
and about 7 atmospheres gauge.

Periodic treatment of the whole volume of the recy-
cling liquid in the process according 1o the invention
has the drawback that the required composition of the
total recycling liquid is changed intermittently, which
renders undertaking the recycling of the liquid through
the two zones in & continuous way more complex.
Thus, preferably part of the recycling liquid is always
subjected to the heat treatment; e.g. 4-20% of the total
recycling liquid. Suisably, an amount of 5-12% of the
total recycling liquid is subjected to the heat treatment
of the invention.

During the heat treatment according to the inven-
tion, the recyciing liquid shoukd be contacted with
nitrous gases. The terminology “nitrous pases™ here
denotes gas containing mitrogen dioxide, in which the
nitrogen dioxide can be formed in situ, e.g. from nitro-
gen monoxide and oxygen, and in which also an inert
gas, such as, ¢.g.. nitrogen, may be present. The nitro-
gen diozide can optionally be admixed with nitrogen
monoxide. Preferably nitrous gases which contain 0.4 -
2.5 moles of nitrapen monoxide per mole of nitrogen
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6
obtained by known methods by catalytic combustion of
ammonia with air or by reaction of the acid, ¢.g. the
acid recycling liquid, with an alkali nitrite.

The smount of nitrous gases which ia cantacted with
the recycling liquid to be treated shobkd naturally be
greater than the amount consumed in the decomposi-
tion of the ammonium ions according to the above-
mentioned reaction equation. Very suitable results can
be obtained .in practice if the partial nitrous presure
(sum of partial pressures of nitrogen dioxide and nitro-
gen monoxide) has a valoe which is higher than the
nitrous-gas pressure of nitric acid at a temperature
corresponding to the temperature at which the heat
treatment is effected; At temperatures ranging between
120° and 175° C, thiy nitrous-gas pressure exceeds 0,15
atmosphere.

An embodiment of the procesm according to the in-
vention is shown in a simplified way in the Drawing.

DESCRIPTION OF THE DRAWING

In this FIGURE, A and B denote the zone for the
synthesis of hydroxyl-ammonium salt and the zone for
the synthesis of cyclohexanone oxime, respectively.
Hydrogen i fod through conduit 1 to zone A, in which
a catalyst containing palladicm is suspended in the
reaction medium. Hydrogen that has not reacted and
other vent gases, if any, are removed through conduit
2. Through conduit 8, zone A is fed with the recycled
reaction medium, which, after being enriched with
hydroxyl-ammonium salt, is pased into zone B for the
synthess of cyclohexanone oxime through conduit 3.
Cyclohexanone, which can optionally be dissolved in
an organic solvent which is a solvent for cyclohexanone
and cyclobexanone oxime {c.p. toluene, benzane, xy-
lenes, cyciohexane and methylcyclopentane), is fed to
zone B through conduit 4, while the resulting cyclohex-
anone oxime, optionally in solution in the organic sol-
vent, s discharped through conduit 5, The recycling
fiquid i returned to the zone A for the synthesis of
hydroxylamine through conduits 6, 7 and 8.

A part flow of the recycling procesa liquor is passed
into & column C by way of control valve 14 and a con-
duit 9, and subsequently returned to the zane A for the
synthesia of hydroxyl amine by way of conduit 10, reac-
tion vezsel D, a condensor 1§, and conduit 8. Nitrous
gases are fed to the system through conduit 11. The
greater part of the amount of nitrous gases fed in are
pasted through valve 11a and condait 12 into absorp-
tion column C, where they are absorbed at u compara-
tively low temperature, eg. 40°-60° C with simulia-
neous formation of nitric acid. The remaining pan of
the amount of nitrous gastes supplied through conduit
11 is passed, viza valve 11b, into reaction vessel D,
which is kept at an absolute presure of at least | atmo-
sphere and a temperature of over 120° C, ep.

120°-175° C, and where the decomposition of the com-
pounds that are poisonous to the catalyst is effecied by
the presence of nitrous gases. The pmount of nitrous
gases to be fed 1o the column C and the reaction vessel
D can be controlled in a simple way by adjustment of
the valves 11a and 115. If so desired, the nitrous gases
to be mtroduced into reaction vemel D may be ab-
sorbed separately, at a temperature below 60° C, in
liquid from absorption colurm C, and the liquid en-
riched with nitrous gases which is so0 obtained be passed
into the reaction vessel D. This vesse! may then be

dioxide are employed. A mixture of this type can be  designed 10 have a smaller size.

M.#
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It is also possible to feed the total amount of nitrous
gases to reaction vessel D. The amount of nitrous gases
will then have to be such thut a sufficiently large
amount flows from reaction vemsel D through conduit
12 to absorption column C in order to form the re-
quired amount of nitric acid. Non-absorbed gases are
ducharged through reducing valve 13.

The reaction products formed in reaction vessel D
are mainly monocarboxylic and dicarboxrylic acids
which have no poisonous effect on the catalyst. The
content of these compounds in the recycling liquid
remains at a low level, as these compounds are largely
removed through conduit § together with the cyclohex-
anone oxime formed. The invention is further eluci-
dated by the following example.

EXAMPLE

In the continuous prepuration of cyclohexanone
axime sccording to the diagram shown in the FIGURE,
in which the catalyst used m zone A was palladium on
coal with 10% by weight of palladium, the composition
of the liquid flowing through conduit & (at the rate of
16.7 kilograms per hour) was:

H.PO, = 1.13 moles per kilngram

NHMH,PO, = 101 moles per kilogram

NH,NO; = 1.39 moles per kilogram

({NH,OH),PO, = 0.02 moie per kilogram

H,0 = 36.55 moles per kilogram
The total amount of organic compounds contained in
this liguid ss impurities was 400 parts by weight por
million, calculated as carbon. Of the total amount, |
p.p-m. releted to cyclohexanone oxime, 17 p.p.m. to
cyclohexylamine, 80 p.p.m. to carboxylic acids, and
302 p.p.m. to unknown amine compounds.

An amount of about 6% of the liquid flow through
conduit § was passed into absorption column C through
control valve 14 and conduit 9, and subsequently inlo
reaction vessel D by way of conduit 10. Through con-
duit 11 and the opened valve 11b, 740 liters/h of ni-
trous gases were pamsed into reaction vesel D and,
subsequently, through conduit 12, into absorption col-
umn C. The gas supplied through conduit 11 had an
absolute pressure of 6-7 atmospheres and its composi-
tion was:

5.2% by volume of NO

5.1% by volume of NO,

10% by volume of O,

79.9% by volume of N,

The temperature in reaction vessel D was kept at 125°
C by means of steam heating (not shown ). The temper-
ature in absorption eolumn C was kept at about 40° C
by means of a cooler (not shown). The absolute pres-
sure in columns D and C was 6-7 atmospheres. The
vent pas discharged through reducing valve 13 had the
compaosition: "

0.1% by volume of NO

0.005% by volume of N,O

6.1% by volume of O,

6.2% by volume of H,O

87.6% by volume of N,

The liquid discharged from reaction vessel D through
conduit 8 contained:

HyO = 23 moles per kilogram

HNOQ, = 6.15 moles per kilogram

H\PO, = 1.01 moles per kilogram
In addition, this liquid contained 260 p.p.m. of organic
compounds (calculated as carbon), 258 p.p.m. of
which in the form of harmless carboxylic acids. Cyclo-

um?

23

k1)

45

53

8
hexanone oxime and cyclohexylamine could no longer
be detected in this liquid.
What is claimed is:
1. In a cyclic process for produting cyclohexanone
5 oxime, comprising recycling an acidic buffered ague-
ous reaction medium containing an ammonium salt as a
buffer saht betwean a zone (A) for the synthesis of
hydroxyl-ammonium salt, in which zone hydroxyl-
ammonium fons are formed by catalytic reduction of

10 nitrate jons and a zone (B) for the synthesis of cyclo-

hexanone oxime, in which zone the resulting hydroxyl-
ammonium ions react with cyclohexanone to form
cyclohexanone oxime; wherein niteate ions and cyclo-
hexanone are fed w zones A and B, respectively, and

s wherein cyclohexanone oxime is discharged from zone

{B); and wherein the said recycled reaction medium is
treated afterieaving yone (B) and before it i fed back
into zone (A) o remove residual amounts of cyclobex-
anone and cyclohexanone oxime, the improvement

20 consisting of heating at least a portion of said recycled

liquid at a temperuture of at least 120" C, in the pres-
ence of nitrous gases, and at an absolute pressure of
over | atmosphere, afier said recycled liquid hes been
diacharged from wone (1) aned before it i Ted (0 the
zone fur the symbesis of hydroxy-sammonium salt (A).

2. The process according to claim 1, wherein 5 to
12% of the recycling liquid is subjected to said heat
treatment, continuously.

3. In a cyclic process for producing cyclohexunone
oxime, camprising recycling an scidic buffered aque-
ous reaction medium containing sn ammonium salt as a
buffer salt between a zone (A) for the synthesis of
hydroxyl-ammonium salt, in which zone hydroxyl-
ammonium ions are formed by catalytic reduction of
nitrate ions and a zone (B) for the synthesis of cyclo-
hexanone oxime, in which zone the resulting hydroxyl-
ammonium jons react with cyclohexanone to form
cyclohexanone oxime; wherein nitrate ions and cycio-
hexanone are fed to zones A and B, respectively, and
wherein cyclohexanone oxime is discharged from zone
(B); and wherein the said recycled reaction medium is
treated after leaving zone (B) and before it is fed back
into zone (A) to remove residual amounts of cyclohex-
anone and cyclohexanone oxime, the improvement
consisting of heating at least a partion of said recycled
liquid periodically at & temperature of at least 120° C,
in the presence of nitrous gases, and at an absolute
pressure of over | atmosphere, after said recycled lig-
uid has been discharged from zone (B) and before it is
fed to the zone far the synthesis of hydroxy-ammonium
salt {A).

4. The process ucconding to claim 1, wherein said
nitrous gases comprise a nitrogen dioxide and pitrogen
monoxide, wherein said nitrogen monoxide is present
in an amount ranging from between 0.4 1o 2.5 moles
per mole af nitrogen dioxide.

5. The process uccording to claim 1, wherein only a
portion of said recycled liquid is subjected to said heat-
ing step. .

6. The-process according to claim 5, wherein 20% of
said recycling liquid is subjected to the heating step.

7. The process according to claim S, wherein said
heating step is undertaken periodically in the continu-
ous process of reeycling said liquid.

8. The process wccording to claim 3, wherein the
whole volume of the recycling liquid is subjected to
said henting step.

L L] L ]
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WRITTEN OPINION Internation application No. PCT/NL 01/ 00427

.  Basis of the opinion
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2.3 claimed subject-matter under Rule 67.1 PCT.

V. Reasoned statement under Rule 66.2(a)(il) with regard to novelty, Inventive step or
industrial applicability

3. To the extent that the international preliminary examination has been carried out {see item
Il above), the following is pointed out:

invention as claimed in at least one of the independant claims does not appear to meet the
criteria mentioned in Article 33 (1) PCT, i.e. does not appear to be novel and/or to involve

In light of the documents cited in the international search report, it is considered that the - X
an inventive step.

n

4, I amendments are filed, the Applicant must comply with the requirements of Rule 66.8
PCT and indicate the basis in the originally filed application of the amendments made
(Article 34 (2) (b) PCT) otherwise these amendments will not be taken mto consideration
for the establishment of international prefiminary examination,

The attention of the applicant is drawn to the fact that if the application contains
an unjustified plurality of independent claims no examination of any of the claims will be
carried out.

Form PCT/408AE1 (EPO-March 2001)



' PATENT COOPERATION TREATY

From the:’
INTEHNA110NA|: PRELIMINARY EXAMINING AUTHORITY

To: .
DAUTZENBERG, Joseph M. A. PCT
DSM Patents & Trademarks .
P.O.BOX9 ‘ =, ]
NL-6160 MA Geleen 1 WRITTEN OPINION
PAYS-BAS SARA
18 AR 2062 (PCT Rule 66)
'-i—.'.-‘. i vt | oeencnt NE |
: l % Ifq%% Date of maling
{daymonth/yaar) 16.04.2002

Applicant's or agent's flle reference REPLY DUE within 3 month(s)
20318WO/PO/ from the above date of maifing
Intemational appiication Na. imamational fling date {deymanthysar) Priofly dele (dewmonthvynar)
PCT/NLO1/00427 31/05/2001 05/06/2000
intemational Patent Clasalfication (IPC) or both national classification and IPC
C07C245/08 .
Applicent
DSM N.V et al.

1. This written opinion is the first drawn up by this Intemational Prefminary Examining Authority.

2. This opinion contains indications relating 1o the following ltems:

| & Basisof the opinion
I O Prority
M O Non-establishment of opinion with regard to novelty, inventive atep and industrial applicablifty
Iv O Lackof unity of Invention '
v & Reasonad statement under Rule 66.2(a)(ll) with regard 1o novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
vi O Certain document clted
vil O Cenain defects in the Intsmational application
O

Vill Ceriain obsarvatlons on the intemational application

3. The applicant is heraby Invited to reply to this opinion.

When? Saa the time imit Indicated abova, The applicant may, befora the expimtion of that tima Bmit,
requast this Authority 10 grant an extansion, see Rule 88.2(d).

How? By submitiing & written reply, accompanied, whame appropriata, by amendments, according o Pule 66.3.
For tha lorm and the languape of the amendmarnms, ses Rulas 88.8 and 66.9.

Alsa: For an additional opportunity to submit amendments, sea Rule 66.4.
For the axayniner's abligation to consider amendments and/or argumaents, see Rule 66.4 bis.
For an Informal corhmunicalion with the examiner, see Fule 65,8,
I no reply is filed, the intemational prefiminary examination repon will be eslabiished on the basis of this opinion.

4. The final date by which the intemational preliminary
exsmination roport must ba estabilshed according to Rule 89.2 la: 05/10/2002.

Nama and malling addrass of the intemational Authorized officer 7 Exarminer
praiminary sxamining authorty:
European Patent Office Janus, $
D-80298 Munich Formatities officer (incl. extension of tima imita)
. Tel. +4988.2389 - 0 Tx: 523656 epmu d Roche, S
Fax: +40 89 2300 - 4465 Telephone No. +49 88 2389 8031

Form PCTAPEA/408 (cover sheet) {January 1994)



WRITTEN OPINION " Intemational application No. PCT/NL01/00427

|. Basla of the opinion

1. With regard to the elements of the international application (Replacament sheets which have been fumished to
the receiving Office in response fo an invitation under Article 14 are refered to in this opinion as “originally fitec™:

Description, pag;u:

"1-18 as originally filed
Claims, No.:

1-11 as originally filed
Drawings, sheets:

" as ariginally filed

With regard to the Ianguage, all the elements marked above were available or furished to this Authority in the
language in which the intemational application was filed, unless otherwise Indicated under this item.

These alements were avallable or fumished to this Authority in the following language: , which Is:

O
a
a

the language of a tranglation fumished for the purposes of the international search {under Rule 23.1(b)).
the tanguage of publication of the international application (under Rule 48.3(b)).

the language of a translation fumished for the purposaes of intemational preliminary examination (under Rule
55.2 and/or 55.3).

. With regard to any nucleotide and/or amino acld sequence disclosed in the intemnational application, the

intarnational preliminary examination was carried out on the basis of the sequence listing:

O OO0ODoOoAn

contained in the intemational application In written form.

filed together with the intemational application in computer readable form.
fumished subsequently to this Authority in writtan form.

fumished subsequently to this Authority in computer readable form.

The statement thaf'the subsequently fumished written sequencs listing does not go beyond the disclosure in
the intemational application as filed has been furnished.

The statement that the information recorded in computer readable form is identical to the writtan sequence
listing has been fumished.

The amendments have resulted in the canceliation of:

|
O

the description, pages:
the claims, Nos.:

Form PCTAPEA/4DS {Boxes 1-VIIl, Sheet 1) (July 1098)



WRITTEN OPINION intemational application No. PCT/NL01/00427

0O the drawings, sheets:

5. O This report has been established as if (some of) the amendmaents had not been made, since they have been
cansidered to go beyond the disclosure as filed (Rule 702(c)):

(Any replacemant shest coniaining such amendments must be referred to under itemm 1 and annexed (o this
report.)

6. Additional chsarvations, if necessary:

V. Reasonad statement under Rule 66.2(a)(ll) with regard to novelty, Inventive step or Industrial applicabllity;
citations and explenstions supporting such statsment

1. Statement .
Novelty (N) Claims 1-10
Inventive step (IS) Claims 11

Industrial applicabiiity (1A) Claims

2. Citations and axplanations
see separate sheet

Form PCT/APEA/4QB (Boxes (-Viil, Sheet 2) (July 1068)
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WRITTEN OPINION intemational application No. PCT/NL01/00427
SEPARATE SHEET

1.1

1.2

GB-A-1,138,750 (D1) discloses (see claim 1) a continuous process for the
preparation of cyclohexanone oxime from cyclohexanone and hydroxylammonium
in an organic solvent, wherein the aqueous hydroxylammonium is present in a
phosphate buffer solution. In examples Il and Ill, a solution comprising much
more than 1 mole/! of hydroxylammonium is fed in the reaction zone.

This prior process is considered to anticipate the subject-matter of present claims
1-10 (Art. 33.2 PCT).

US-A-3,720,758 (D2) discloses a process for the preparation of concentrated
aqueous hydroxylammonium solutions to be used in known processes, such as
that of D1 (see in particular example Il which refers back to D1 and also relates to
a feed hydroxylammonium solution with a concentration above 1 mol/.

Claims 1-10 are therefore regarded as lacking novelty over D2 as well (Art. 33.2
PCT).

Claim 11 is novei over D1 and D2, but only due to the fact that the
hydroxylammonium concentration in the aqueous stream leaving the reaction
zone is not indicated in D1/D2, reason for which it has been assumed that this
compound could not be detected in these prior processes. Therefore, the
processes of these documents are regarded as superior in performance over that
of claim 11, reason for which inventive step cannot be acknowleged for this
subject-matter (Art. 33.3 PCT).

Form PCT/Separmate Sheet/408 (Sheat 1) (EPO-Aprl 1897)
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PATENT COOPERATION TREATY
From thé
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
To: ’
PCT
DAUTZENBERG, Joseph M. A. DSM PaT
DSM Patents & Trademarks
P.O. BOX 9 17 SEP. zapz NOTIFICATION OF TRANSMITTAL OF
NL-6180 MA Geleen BA THE INTERNATIONAL PRELIMINARY
(PCT Rule 71.1)

Date of maling

(dmwimornth/year) 13.09.2002
Applicant's or agant's flla rafersnce
20318WO/PO/ IMPORTANT NOTIRCATION
imternational appiication No. Intemationat filng date {daymontivyear) Priotty date (day/monthvyear)
PCT/NLO1/00427 31/05/2001 05/06/2000
Applicant
DSM N.V et al. .

. Thoe applicant is hereby notifled that this Intemational Preliminary Examining Authority transmits herewith the
intemational preliminary examination report and its annexes, If any, astablished on the intemational application.

A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication
to all the elected Offices.

Where required by any of the elected Officas, the Intemational Bureau will prepare an English translation of the
report (but not of any annexes) and will transmit such translation to those Offices.

The applicant must enter the national phase before each elected Office by performing certain acts (flling
translations and paying natlonal feas) within 30 months from the priority date (or later in some Offices) (Adticle
39(1)) (see also the remindar sent by the Iniemnational Bureau with Form PCTAR/301).

Where a translation of the International application must be fumished to an electad Office, that translatit;n must
contain a translation of any annexes to the intemational preliminary examination report. It is the applicant's
responsibility to prepare and fumish such translation directly to sach elected Otfice concemed.

For further details on the applicable time limits and requirements of the elacted Offices, see Voluma Il of the
PCT Applicant’s Guigle.

For the purpose of deciding whether the claimed invention is patentable or not, the elected Offices may apply
criteria additional to or different from the criteria on which the intemational preliminary examination raport is
based (see Articles 27(5), 33(5)). Additional criterla may include e.g. exemptions from patentablity and the
requirements of enabling disclosure and of clarity and support of clalms.

Name and mafling ackress of the IPEA/ Authortzed officer
i Europaan Patant Offica Roche, S
D-80288 Munich
Tal. +48 80 2399 - 0 Tx: 523656 epmu d
Fax: +48 89 2399 - 4465 Tel.+49 89 2399-8031

Form PCT/PEA/416 (July 1982)



PATENT COOPERATION TREATY

_ PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)

Appiicant’s or sgant's fiie reference

d See Notification of Trnsmitial of imemational
20318WO/POY FOR FURTHER ACTION  praminary Examination Report (Form PCTAPEA/416)
Intemational application No. Intamational filing date (day/montiviear) Prioilty daie {dawmonttvyasr)
PCT/NLO1/00427 31/05/2001 05/068/2000
intamational Patert Clagaification ((PC) or national classification and IPC
CO7C240/08
Applicant
DSM N.V et al.

1. This International prnllmi'naty sxamination report has been prepared by this Intemational Preliminary Examining Authority
and is transmitted to the applicant according to Article 38.

2. This REPORT consists of a total of 4 sheets, including this cover sheet.

O m™is raport is alao accompanied by ANNEXES, i.e. shoels of the descripiion, cleims and/or drawinga which have
beaen amendad and are the basis for this report and/or sheets comalning rectifications made before this Authority
(see Rule 70.16 and Section 807 of the Adminisirative instructions under the PCT).

These annexes consist of a total of sheets.

3. This report contalns indicaiions ralating to the following hems:

} B Basis of the report
1 O Priorty
i O Non-establishment of opinion with regard to novalty, inventive step and industrial applicabllity
v 0 Lackof unity of invention .
v B Reasoned statement under Article 35(2) with regard to novelty, inventive step or induatrial applicabliity;
cltations and explanations suporting such statament
vi O Cenaln documents cited
vii 0 Cenaln defects in the Intamational application
viit O Cenaln obpervations on the intemational appiication
Date of submiasion of the demand Dute of compistion of this report
18/12/2001 13.00.2002
Name and maling address of the Intemational Authorized officer
preliminary axamining authority:
European Patant Office
D-B0298 Munich Janus, S
Tel, +40 89 2399 - 0 Tx: 523055 epmu d
Fax: +49 89 2300 - 4485 Tolephone No. +40 89 2399 8333

Form PCTAPEA/4DD (cover shoat) (January 1094}




INTERNATIONAL PRELIMINARY
EXAMINATION REPORT _ International application No. PCT/NL01/00427

Basls of the report

1. With regard to the elements of the intemational application (Replacement sheeis which have been fumished to

the receiving Olfice in response fo an invitation under Articie 14 are refemed io in this report as "originally filed”
and are not annexed to this raport since they do not contain amendments (Rules 70.16 and 70.17}):
Description, pages:

1-16 as originally filed
Clalms, No.:

1-11 as originally filed
Drawings, sheets:

1" as originally filed

With regard to the languagse, all the elements marked above were available or fumished to this Authority in the
language in which the intemational application was filed, unless otherwise indicated under this item.

These elemants were available or fumished to this Authority in the following language: , which is:

O the language of a translation furnished for the purposas of the intemational search {(under Rule 23.1(b)).
O the language of publication of the intemational application {under Rule 48.3(b}}.

O the language of a translation fumished for the purposes of Intemational preliminary examination (under Rule
55.2 and/or 55.3).

With regard {0 any nucleotide and/or amino acld sequence discliosed in the intemational application, the
international preliminary examination was carried out on the basis of the sequence listing:

contained in the intemational application in written form.

filed together with the intemational application in computer readable form.
fumished subsesquently to this Authority in writtan form.

fumished subsaquently to this Authority in computer readable form.

The statemant that the subsequently furnished written sequenca listing does not go beyond the disclosure in
the intemational application as filed has been fumished.

O OoOD0DoO0oO0ao

The statement that the information recorded in computer readable form is identical to the written sequence
listing has been furnished.

. The amandments have resulted in the cancellation of:

3 the description, pages:
O the claims, Nos.:

Form PCTAPEA/409 {Boxes I-VIll, Sheel 1) {July 1958)



INTERNATIONAL PRELIMINARY

EXAMINATION REPORT

International application No. PCT/NL01/00427

01 the drawings, sheets:

5. O This report has been established as if (some of) the amendments had not been made, since thay have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

{Any repiacement sheet containing such amendments must be referred lo under item 1 and annexed to this

report.)

8. Additional obsarvations, if necessary:

V. Reasoned statement under Article 35(2) with regard to noveity, inventive step or Industrial applicablliity;
citations and expianations supporting such statsment

1. Staternent
Novelty {N) Yes:
No:
Inventive step {IS) Yos:
. No:

Industrial applicability (I1A) Yes:

2. Citations and explanations
see separate sheat

Claims
Claims

Claims
Claims

Claims
Claims

Form PCTAPEA/408 (Boxes I-VIii, Sheet 2} (July 1998)

11
1-10



T2

INTERNATIONAL PRELIMINARY Intemetional application No. PCT/NL01/00427
EXAMINATION REPORT - SEPARATE SHEET

1.1 GB-A-1,138,750 (D1) discloses (see claim 1) a continuous process for the
preparation of cyclohexanone oxime from cyclchexanone and hydroxylammonium
in an organic solvent, wherein the aqueous hydroxylammonium is present in a
phosphate buffer solution. In examples Il and [ll, a solution comprising much
more than 1 mole/ of hydroxylammonium is fed in the reaction zone.

This prior process is considered to anticipate the subject-matter of present claims
1-10 (Art. 33.2 PCT).

1.2 US-A-3,720,758 (D2) discloses a process for the preparation of concentrated
aqueous hydroxylammonium solutions to be used in known processes, such as
that of D1 (see in particular example 1l which refers back to D1 and also relates to
a feed hydroxylammonium solution with a concentration above 1 mol/l.

Claims 1-10 are therefore regarded as lacking novelty over D2 as well (Art. 33.2
PCT).

2. Claim 11 is novel over D1 and D2, but only due to the fact that the
hydroxylammonium concentration in the aqueous stream leaving the reaction
zone is not indicated in D1/D2, reason for which it has been assumed that this
compound could not be detected in these prior processes. Therefore, the
processes of these documents are regarded as superior in performance over that
of claim 11, reason for which inventive step cannot be acknowleged for this
subject-matter (Art. 33.3 PCT).

Form PCT/Separate Sheat/408 (Sheet 1) (EPO-April 1997)



TRATADO DE COOPERACION EN MATERIA DE PATENTES

PCT

INF RME EXAMEN PRELIMINAR INTERNACIONAL

(PCT articul 36 y regla 70)

4,&

Refaerancia del eolicitants o agente

Ver notificacion de la transmislon del examen

20318WO/PO/ PARA PROSEGUIR preliminar Internacional (formato PCT/IPEA/416)
No. Solicitud Intemacional Fecha de presentacién intemacional | Fecha de prioridad (dia/mes/afio)
PCT/NLO1/00427 (dia/mes/afio)
31/05/2001 _ 05/08/2000

Claslficacién Intemacional de Patentes (IPC) o clasificacidn nacional e IPC

' C07C249/08
Solicitante
DSMN.Vatal

Administrativas bajo el PCT).

Estos anexos consisten en un total de __ hojas.

1. Este examen preliminar intemacional ha sido preparado por esta Autoridad encargada del Examen Prellminar
Internacional y es transmitida al solicitante de acuerdo con el articulo 38.

2. Este INFORME consiste de un total de 4 péginas, incluyendo esta hoja.

__Este Informe también est acompafiado por ANEXOS, esio es hojas de la descripcién, reivindicaciones y/o
dibujos, los cuales han sido modificados y son la base para este informe y/o hojas que contienen
rectificaciones presentadas ante esta Autoridad (ver Regla 70.16 y Seccién 607 da las Instrucciones

L. _X_ Base del Informe
il Prioridad

aplicacion industrial

3. Este Informe contiene indicaciones que se relacionan con los siguientes puntos:

Il __ El no-establecimiento de opinlén en relacién con la novedad, nivel Inventivo y

V. ___ Fakade unidad de invencion o

V. _X_ Declaracién motivada bajo el Art. 35(2) con relacion a la novedad, nivel inventivo o apllcauon
industrial; cltaciones y explicaciones que soportan dicha declaracion

Vi, ___ Clertos documentos citados

VI ___ Cierins defectos en la solicitud intermnacional

VIl Ciertas observaciones en la solicitud internacional

Fecha de presentacién de la demanda

Fecha en que se completd este informe

Tel, +49 88 2399-0 Tx: 523656 epmu d
Fax: +49 88 2309 — 4465

18/12/2001 13.09.2002

Nombre y direcclén de la autoridad encargada del Oficial autorizado

examan preliminar intemacional:

Oficina de Patentes Europea JANUS, § i
D-80298 Munich .

Teléfono: +49 80 2389 8333

Formato PCT/IPEA/400 (hoja de cubierta) (enero 1684)



%

4 M
Wy

.
B ]

INFORME DEL EXAMEN i
PRELIMINAR INTERNACIONAL Solicitud intemacional No. PCT/NL01/00427

. BASE DEL INFORME

1. En relacién con los elementos de la solicitud internacional (las hojas de reemplazo que han sido
suministradas a la oficina receptora como respuesta a la invitacion bajo el articulo 14 serdn referidas

como "presentadas originaimente” y no estin anexas a este Informe debido a que no contienen
modificaciones (Regla 70.18 y 70.17)):

CAPITULO DESCRIPTIVO, PAGINAS:

1-18 Como fueron presentadas originaimente ¢

REIVINDICACIONES, No.:

1-11 Como fueron presentadas originailments

DIBUJOS, HOJAS:

i Como fueron presentadas originalmenta

2. En relacién con el idioma, todos los elementos marcados anteriorments fueron suministrados a esta
Autoridad en el idioma en que la solicitud Intemacional fue presentada, a menos que se Indique lo
contrario bajo este punto.

Estos elementos fueron suministrados o estaban dlsponibles para esta autoridad en el sigulente idio:r'h’a. el
cual es:

. Elidioma de la traducclon aportada a sfectos de la bisqueda Intsrnacional (bejo la Regla 23.1(b))

. Elidloma de publicacién de la solicitud internacional (bajo la Regla 48.3(b))

— Elidioma de la traduccién suministrada para efecto del examen preliminar internacional (bajo la Regla

55.2 ylo 55.3)

3. Respecto a cualquler secuencia nucledtido y/o aminodcldo revelado en la solicitud intemacional, el
examen preliminar intemacional fue llevado a cabo con base en la lista de secuencias: ;

— Contenidas en la solicitud internacional de forma escrita

____ Presentadas junto con la solicitud intemaclonal en forma legible por computador

__Aportada posteriormente a esta Autoridad en forma escrita .

___ Suministrada posteriorments a esta Autoridad en forma legible por computador i

____La deciaracién de que la lista de secuencias aportada posteriorments en forma escrita no va mas allé
que lo revelado en la solicitud intemacional como fue presentada.

__La declaracién de que la Informacién inscrita en forma legible por computador es idéntica a la lista de
secuencias en forma escrita aportada.

4. Las modificaclones han resultado en la cancelacion de:

__ El capitulo descriptivo péginas:

___ Las relvindicaciones Nos.:

___ Los dibujos hojas:
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INFORME DEL EXAMEN
PRELIMINAR INTERNACIONAL Solicitud internacional No. PCT/NL01/00427
5. ___ Este informe ha sido establecido comno sl (algunas de) las modificaciones no hubleran sido

efectuadas debido a que sa ha considerado que van més alld de lo reivindicado mediants la
solicitud intarnacional,

(A cualquier hoja de reemplazo que contsnga dichas modificaciones debe hacerse referencia bajo
ol punto 1 y ser anexada a este informe)

8. Obeervaciones adiclonales, s! necesarias:

V. Declaracién motivada, bajo el Art. 35(2) con relacién a la novedad, nivel Inventivo o aplicacién
Iindustrial; citaciones y explicaclones que sustentan dicha declaracién

1. Declaracién Y

Novedad Sl Reivindicaciones 11

|
NO: Relvindicaciones 1-10

1 )
£

Nivel Inventivo Sl: Relvindicaciones
NO: Relvindicaciones 11

Aplicacién Industrial Sl Relindicaciones 1-11
NO: Reivindicaclones

2. Citaciones y explicaciones
Ver hoja anexa .
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INFORME DEL EXAMEN
PRELIMINAR INTERNACI NAL Solicitud internacional No. PCT/NL01/00427

1.1 GB-A-1,138,750 (D1) revela (ver reivindicacion 1) un proceeo continuo para la preparacién de la oxima
ciclohaxanona de ciclochexanona e hidroxilamonio en un solvente orgénico, en donde el hidroxilamonio
acuoso estd presente en una solucién amortiguadora de foefato. En los ejemplos Il y i, una solucién que
comprende mucho mas que 1 moll de hidroxilamonio es suministrado a la zona de reaccion.

El proceso de esta anterforidad se considera como una anficipacion de la materia de las relvindicaciones
1-10 de la presents solicitud de patente (Art. 33.2 PCT).

1.2 US-A-3,720,768 (D2) revela un proceso para la preparacién de soluciones hidroxilamonio acuoso
concentradas para ser utilizadas en procesoa conocldos, tal como el de D1 (ver especlaiments el ejemplo
Il el cual hace referencia a D1 y también se relaciona a una solucién hidroxilamonio suministrada con una
concentraciin superior a 1mol.

2. Larelvindicacion 11 es novedosa al ser comparada con D1 y D2, pero dnicamente debido al hecho que la

concentracién hidroxilamonio en la cormlents acuosa que deja la zona de reacclén no es indicada en D1
nl D2, razén por la cual e ha asumido que este compuesto no podria detectarse en los procesos de
estas anterioridades. Por lo tanto, los procesos de estos documentos son considerados como superiores
en cuanto a su desempefio al compararse con la reivindicacion 11, razdn por la cual no se reconoce que
haya nivel inventivo scbre esta materia (Art. 33.3 PCT). e

LAY

-
(=]

1 =]
- .-’-
2 o

+ €



10

15

20

25

30

35

-1-

PROCEDIMIENTO P, LA PRODUCCION DE LA OXIMA DE LA
CICLOHEXANONA

La Invencién se refiere a un procedimiento para la produccién de la oxima de la
ciclohexanona, en el cual un medio de reaccién acuoso que contiene fosfato se some-
te a un ciclo de operaciones desde una zona de sintesis de hidroxilamonio hasta una
zona de sintesis de la oxima de la ciclohexanona y retomo a la zona de sintesis del
hidroxilamonio, en cuya zona de sintasis del hidroxilamonlo se forma el hidroxilamonio
por reduccién catalltica de nitrato con hidrégeno, y en cuya zona de sintesis de la oxi-
ma de la ciclohexanona se hace reaccionar el hidroxilamonio con ciclohexanona en
presencia de un disocivente orgénico para formar la oxima de la ciclohexanona.

Tal procedimiento es conocido a partir del documento US-A-3.987.607 que
describe un procedimiento para la produccién de la oxima de la ciclohexanona, en el
cual un medio de reacclén acuoso, tamponado, que contiene écidos o sales acldas
tampén, por ejemplo tampones de fosfato, se recircula de modo continuo entre una
zona de sintesls de hidroxllamonio, en la cual los iones nitrato se reducen catalftica-
mente con hidrégeno molecular hasta hidroxilamonlo, ¥ una zona de oximacion en la
que ia ciclohexanona, se convierte en la oxima de la ciclohexanona. Antes de que se
haga pasar el medio de reaccidn acuoso a ia zona de sintesis de hidroxilamonio, dicho
medio s enriquecido con los iones nitrato necesarios por medio de la adiclén de écido
nitrico o por absorcién de gases nitrosos en el medio de reaccidn acuoso en cuyo caso
el écido nitrico se forma in situ. Después de haber sido enriquecido en hidroxilamonio
en la zona de sintesis de! hidroxilamonio, 88 hace pasar el madio de reaccién acuoso
a la zona de sintesis de la oxima, en la que el hidroxilamonio reacciona con la ciclo-
hexanona, formando la correspondiente oxima. Se puede separar entonces la oxima
del medio de reaccldn acuoso, el cual se recircula a la zona de sintesis del hidroxila-
monio.

Las reacciones quimicas netas que tienen lugar durante el procedimiento se
pueden reprasentar por las siguientes ecuaciones:

1) Preparacién del hid roxilamaonio:

2 HyPO4 + NOy + 3 H; @ NHyOH' + 2 H;PO, + 2 H;0
2) Preparacién de la oxima:
NH,OH* + 2 H,PO.'+2H,O+® =09
@ = N - CH + HyPO4 + HoPO4 + 3 H20

3) Suministro de HNO, para compensar el agotamisnto de la fuente de iones nitrato
después de la separacién de la oxima formada
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HzPO," + HNO; =» HaPO, + NOy’

En el procedimiento del documento US-A-3.987.807, sl medio de reaccién
acuoso que sale de la zona de sintesis de la oxima de la ciclohexanona contiene
hidroxilamonio sin convertir. Se ha descrito que el hidroxilamonio presente en el medio
de reaccién acuoso se puade descomponer cuando el madio de reaccién acuoso se
somete a un tratamiento por calor en presencia de gases nitrosos a temperaturas ele-
vadas. En el procedimiento del documento US-A-3.897.607, el tratamiento por calor ss
realiza para separar los contaminantes orgénicos del medio de reaccién acuocso.

En un procedimiento de recirculacién, es posible a menudo recircular los reac-
tantes sin convertir, en cuyo caso una conversion incompleta no dard como resultado
una pérdida de reactantes. Sin embargo, se ha encontrado en esta Invencién, que in-
cluso sin el tratamiento por calor descrito en US-A-3.997.607, tiene lugar una deacom-
posicién del hidroxilamonio en el medio de reaccién acucso que se recircula desde la
zona de sintesis de la oxima de la ciclohexanona hastia la zona de sintesis del hidroxd-
lamonio. Se encuentra que la descomposicién tiene lugar particularmente después de
Ia adicidn de écido nitrico al medio de reaccion acuoso o durante la formacién de écido
nitrico por absorcién de gases nitrosos en al medio de reaccién acuoso.

Se ha encontrado en esta invencién que la cantidad de hidroxilamonio perdida
a causa de la descomposicién por la cantidad de hidroxilamonio formada en la zona de
sintesis del hidroxilamonio, disminuye al aumentar la concentracién de hidroxilamonio
en el medio de reaccién acuoso que entra en la zona de sintesis de la oxima de la ci-
clohaxanona.

Por tanto, la invencién proporciona un procedimiento para la produccion de la
oxima de Ila ciclohexanona, en el cual un medio de reaccién acuoso que contiene fos-
fato se somete a un ciclo de cperacionss desds une zona de sintesis de hidroxilamo-
nio hasta una zona de sintesls de la oxima de la ciclohexanona y retomo a la zona de
sintesis del hidroxilamonlo, en cuya zona de sintesis del hidroxilamonio se forma el
hidroxilamonio por reducclén catalftica de nitrato con hidrégeno, y en cuya zona de
sintesis de la oxima de la ciclohexanona se hace reaccionar el hidroxdlamonio con ci-
clohexanona en presencia de un disolvente orgénico para formar la oxima de la ciclo-
hexanona, caracterizado porjue la concentracién de hidroxilamonio en el medio de
reaccién acuoso que entra en la zona de sintesis de la oxima de la ciclohexanona es
mayor que 1,0 moli.

Seglin la invencién, sélo se plerden pequefias cantidades de hidroxilamonio a
causa de la descomposicidn por la cantidad de hidroxilamonio formada en la zona de
sintesis del hidroxilamonio (y por la cantidad de !a oxima de la ciclohexanona formada
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en la zona sintesis de la oxima de la ciclohexanona). Ademés se puede alcanzar una
alta conversién del hidroxilamonio en la oxima de la ciclohexanona.

Segln la invenclién, la concentracion de hidroxilamonio en el medio de reaccién
acuoso que entra en la zona de sintesis de ia oxima de la ciclohexanona es mayor que
1,0 molA. Preferiblements, la concentracién de hidroxilamonio en el medio de reaccién
acucso que entra en la zona de sintesis de la oxima de la ciciohexanona es mayor que
1.1 moll, méas preferiblemente, mayor que 1,2 molll, méds preferiblemente mayor que
1.4 mol/l, y en particular meyor que 1,6 moll. El aumento de la concentraclén de
hidroxilamonio en el medio de reaccidn acuoso que entra en la zona de sintesis de la
oxima de la ciciohexanona tiene la ventaja de que la cantidad de hidroxllamonio perdi-
da a causa de la descomposicién por la cantidad de hidroxilamonio formada en la zona
de sintesis de hidroxilamonio (y por ia cantidad de la oxima de la ciclohexanona for-
mada en |a zona de sintesis de la oxima de Ia ciclohexanona) disminuya. Ademds, se
aumenta la conversién del hidroxilamonio. Un aumento de la concentracién de hidroxi-
lamonio en 8l medio de reaccién acuoso que entra en la zona de sintesis de la oxima
de la ciclohexanona se puede alcanzar, por ejemplo, aumentando el tempo de resi-
dencla en [a zona de sintesis del hidroxilamonio y/o aumentando la concentracién de
nitratc en el medio de reaccién acuoso que entra en la zona de sintesis del hidroxila-
monio. No hay un Ifmite superior espec ifico para la concentracion de hidroxilamonio en
¢l medio de reaccién acuoso que entra en la zona de sintesis de la axima de Ia ciclo-
hexanona. Ganeraiments, la concentracidn de hidroxilamonio en el medio de reaccién
acuoso que entra en la zona de sintesis de la oxima de Ia ciclohexanona esth por de-
bajo de 2,5 mol/l.

Preferiblements, la concentracién de hidraxilamonio en el medic de reaccién
acuoso que sale deo la zona de sintesis de la oxima de la ciclohaxanona es manor que
0,1 moWl, més preferiblemente menor que 0,08 moll, en particular menor que 0,05
moll. La concantracién de hidroxilamonio en el medio de reaccién acuoso que sale de
la zona de sintesis de la oxima de la ciclohexanona es generalmente mayor que 0,005
mol, en particular mayor que 0,01 moll. Preferiblemente la conversién del hidroxila-
monio es mayor que 80 %, mas preferiblemente mayor que 85 %. Como se usa aquf la
conversidn se define como (C{NHyOH" )emrade -~ S{NHyOH")geta)/ S{NH3OH")aramea (x 100
%), donde c{NH3OH")euwmia Mepresenta la concentracién de hidroxilamonio en el medio
de reaccién acuoso que entra en la zona de alntesis de la oxima de la ciclohexanona y
¢(NH3OH") s representa la concentracién de hidroxliamonio en el medio de reaccién
acuoso que sale de la zona de sinteais de la oxima de la ciclohexanona.

En la zona de sintesis de la axima de la ciclohexanona, se hace reaccionar el
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hidroxilamonio con ciclohexanona en presencia de un disolvente orgénico para formar
la oxima de ia ciciohexanona. Tipicaments, e! disolvente orgénico y la ciciohexanona
8e afaden a |a zona de sintesis de la oxima de la ciclohexanona, y un medio orgdnico
que comprende el disolvente orgéinico y la oxima de la ciclohexanona se separa de la
zona de sintesis de la oxima de la ciclohexanona. Preferiblements, el medio de reac-
¢idn acuoso y una comiente que comprende la ciclohexanona y el disolvente orgénico,
se ponen en contacto en un flujo contracorrients. Un procedimiento adecuado, es por
ejemplo el descrito en el documento GB-A-1,138.750. Se puede hacer uso de tipos
conocidos de reactorss contracorrients, tales como por ejemplo, las columnas pulsa-
das llenas con particulas de empaguetamiento o reaciores de disco rotatorio. También
es posible usar un sisterna que comprende un niimero, por ejempio 3 a 8, de reactores
conectados en serle equipados con agitadores, estando también provistos cada uno
de estos reactores de un separador liquidoliquido. Se puede usar cualquier disolvente
orgédnico en el que se puedan disolver la ciclohexanona y la axima de la ciclohexano-
na, tal como por ejemplo alcoholes, cetonas, ésteres, éteres, hidrocarburos, y sus
mezclas. Preferiblemente, al disolvents orgénico tiene una solubilidad en agua menor
que 0,1 % en peso a 20 °C. Preferiblements, el disolvente orgénico se selecciona del
grupo constituido por benceno, tolueno, xleno, metiiciciopentano, ciclohexano y sus
mezclas. Muy preferiblemente, el disolvente orgénico es tolueno. Preferiblements, la
ciclohexanona se disuelve en el discivente orgénico.

No hay un limite Inferior especifico para la concentracién de la oxima de la c-
clohexanona en el medio orgénico que sale de la zona de sintasls de la oxima de Ia
ciclohexanona. Generaiments, la concentracién de la oxima de la ciclohexanona en el
medio orgénico que sale de la zona de sintesis de la oxima de la ciclohexanona es
mayor que 5 % en pesa. Preferiblements, la concentracién de la oxima de la ciclo-
hexanona sn el medio orgénico que sale de la zona de sintesls de la oxima de la ciclo-
hexanona e8 mayor que 25 % en peso, més preferiblemente mayor que 30 % en peso,
particularmente mayor que 35 % en peso, mas particularments mayor que 38 % en
peso. El aumento de la concentracién de la ciclohexanona en el medio orgédnico que
sale de la zona de sintesis de la oxima es un modo efectivo de separar cantidades
mayores de la oxima de la ciclohexanona desde !a zona de sintesis de la oxima de Ia
ciclohexanona. Generaimente, ka concentracién de le oxima de la ciclohexanona en el
medio orgdnico que sale de la zona de aintssis de la axima de la ciclohexanona es
menor que 85 % en peso, preferiblemente menor que 80 % en peso, més preferible-
mente menor que 60 % en peso. Todas las concentracionss de la oxima de la ciclo-
hexanona an el medio orgénico se dan con relacién a la suma del peso de la oxima de
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la ciclohexanona més el disolvente orgénico.

La zona de sintesis de la oxima de la ciclohexanona puede hacerse funclonar a
una temperatura que varia desde 40 a 150 °C y a presldn atmosférica, sub-atmosférica
o elevada, preferiblemente entre 0,05 y 0,5 MPa, méas preferiblemente entre 0,1 y 0,2
MPa y muy preferiblemente entre 0,1 y 0,15 MPa. Preferiblements, el medio de reac-
¢ién acuoso que entra en la zona de sintesis de la oxima de la ciclohexanona tiene un
pH entre 1 y 8, més preferiblemente entre 1,5y 4.

En una realizacién preferida, la zona de sintesis de la oxima de la ciclohexano-
na comprende una zona de reaccién en la que se hace reaccionar el hidroxilamonio
con ciclohexanona para formar la oxima de la ciciohexanona, mediante poner en con-
tacto el medio de reaccidn acuoso y la corriente que comprende la ciclohexanona y el
disoivente orgénico en un flujo contracorrianta, y una zona de extraccldn en la que e
ponen en contacto el medio de reaccién acuoso y un disolvents organico, preferible-
mente en un flujo contracorriente, slendo efiadido a la zona de reaccién el medio de
reaccién acuosc que entra en la zona de sintesis de la oxima de la ciciohexancna, y
slendo afladido a la zona de extracclén ol medio de reacclén acuosc que sale da Ia
zona de reaccién. Esta realizacién tiene |a ventaja de que los compuestos orgénicos
residuales que tienen un efecio adverso scbre ia actividad del catalizador, en particular
la ciciohexanona y ia oxima de la ciclohexanona, se separan del medio de reacclén
acuoso que sale de la zona de reaccién. Preferiblemente, se afiade ciciohexanona a la
zona de sintesis de la oxima, entre la zona de reaccién y ia zona de extraccidn. Prefe-
riblemente, el discivente orgénico que sale de la zona de extraccién se afiade a la zo-
na de reaccién. Preferiblemente, se aflade ciclohexanona a la zona de sintesis de la
oxima de la ciclohexanona en el disolvente orgénico que entra en la zona de extrac-
cién. Se puede hacer uso de tipos conocidos de extractores, tales como por ejemplo,
una columna de extraccién, o uno o més reactores equipados con agitadores, opclo-
nalmente conectadoa en serie, estando provistos también cada uno de estos reactores
de un separador liquido-liquido. Preferiblemente, se usa una columna pulsada llena
con particulas de empaquetamiento. Se hacen funcionar la zona de reaccion y la zona
de extraccién preferiblemente a una temperatura que varia de 40 a 150 °C y a presi6n
atmosférica, sub-atmosférica o elevada, preferiblemente entre 0,05 y 0,5 MPa, més
preferiblements entre 0,1 y 0,2 MPa y muy preferiblemente entre 0,1 y 0,15 MPa. Se
puede hacer uso de tipos conocidos de exiractores, tales como por ejemplo, las co-
lumnas de extraccién, preferiblemente columnas pulsadas lienas con particulas de
empaquetamiento, o uno o més reactores equipados con agitedores, opcionalmente
conectados en serie, estando provistos también cada uno de estos reactores de un
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separador liquido-liquido. Preferiblements, el disolvente orgénico tiene una solubilidad
en agua mencr que 0,1 % en peso a 20 °C. Preferiblementse, el disolvente orgénico se
selecciona del grupo constituido por benceno, tolueno, xileno, metilciclopentano, ciclo-
hexano y sus mezcias. Muy preferiblemente, el disolvente orgénico es tolueno. Las
condiciones de operacién para la zona de reaccién y la 2ona de extraccién no son ne-
cesarlamente las mismas. Preferiblements, 8¢ usa el mismo disolvente en la zona de
reaccién y en la zona de extraccién. Preferiblements, el contenido conjunto de la ciclo-
hexanona y de la oxima de la ciclohexanona en el medio de reaccién acuoso que sale
de la zona de sintesis de la oxima de la ciclohexanona es menor que 0,2 % en peso
(2000 ppm), preferiblemente menor que 0,1 % en peso, méis preferiblemente menor
que 0,05 % en peso, pariicularmente menor que 0,02 % en peso, més particularmente
menor que 0,01 % en peso, y muy preferiblemente menor que 0,005 % en peso (con
relacién al paso del medio de reaccién acuoso).

Preferiblemente, el medio de reaccién acuoso que sale de la zona de sintesis
de la oxima de la ciclohexanona se somete a una o més etapas de saparacién antes
de entrar en la zona de sintesis del hiiroxilamonio para reducir la cantidad de conta-
minantes orgénices, en particular ciciohexanona y la oxima de la ciclchexanona. Prefe:
riblements, el medio de reacclén acuoso que sale de la zona de aintesis de la oxima
de la ciclohexanona o que sale de la zona de extraccién se somete a8 destilaclén para
conseguir una disminucién adicional de los contaminantas organicos. Se puede usar,
por ejemplo, el procedimiento de destilacibn descrito en el documento US-A-
3.940.442. Es praferible que el contenido conjunto de la ciclohexanona y la oxima de la
clclohexanona en el medio de reaccién acuoso que entra en la zona de sintesis del
hidroxilamonio no sea mayor que 0,02 % en peso (200 ppm), més prefsriblemente no
mayor que 0,005 % en peso, particularmente no mayor que 0,002 % en peso, més
particularmente no mayor que 0,001 % en peso, y muy preferiblemente no mayor que
0,0002 % en peso (con relacién al peso del medio de reaccién acuoso).

Se hae encontrado en esta Invencién que un aumento de la concentracién de
hidroxilamonio en el medio de reaccién acuoso que aentra en la zona de sintesis de la
oxima de la ciclohexanona puede dar como resultado un sumento de la concentracién
de contaminantes orgénicos, en particular ciclohexanona y la oxima de la ciclohexano-
na, en el medio de reaccién acuoso que sale de la zona de sintesis de la oxima de la
ciclchexanona. Estos contaminantes orgénicos pueden ser separados, por ejemplo,
usando uno o més de los procedimientos de separacién descritos anteriormente.

Se ha encontrado en asta invencién que un sumento de la concentracién de
fosfato en el medio de reaccidn acuoso que entra en ika zona de sintesis de la oxima de
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la ciclohexanona da como resultado una disminucién de la concentracién de loa con-
taminantes orgénicos en el medio de reaccién acuoso que se recircula desde la zona
de sintesis de la oxima de la ciclohexanona haste la zona de sintesls del hidroxiamo-
nlo. Generaimente, la concentracién de fosfato en el medio de reaccién acuaso que
entra en la zona de sintesis de la oxima de la ciclohexanona es mayor que 2,0 mold,
preferiblements mayor que 2,5 mol/, més preferiblemente mayor qua 3,0 mol, particu-
larmente mayor que 3,3 mol/l, més particularmente mayor que 3,5 mol, y muy preferi-
blemente mayor que 3,7 moll. El aumento de la concentracién de fosfato tiene la ven-
taja de que ‘ol efecto del aumento de la concentracién de hidroxiiamonio sobre Ia con-
centracidon de los contaminantes orgéanicos en ¢l medio de reaccién acuoso que sale
de la zona de sintesis de la oxima de la ciclohexanona se suaviza o se evita. Preferi-
blaments, la concentracién de fosfato se elige de tal modo que no aparezca cristaliza-
cién, lo que depende, entre otros, de la temperatura y deé la concentracién de ofros
componentes an el medio de reaccién acuoso. Generalmente, la concentracién de
fosfato en el medio de reaccidn acuoso que entra en la zona de sintesls de la oxima de
la ciclohexanona es menor que 8 mol/, preferiblemente menor que S mol/l, més prefe-
riblemente menor que 4,5 moll. Como se usa aqul, la concentracién de fosfato indica
la suma de la concentracién de todos los fosfatos, sin distincién de la forma en que
estan presentas, expresada en moles por litro del medio de reaccién acuoso. Preferi-
blements, los fosfatos estén presentes como PO*, HPOZ, HsPO4, HsPO,, sales de
PO.Y, HPO,*, H,POy., /o sus combinaciones. Preferiblemente, en ei medic de reac-
clén acuoso que entra en la zona de sintesis de la oxima de la ciclohexanona, ia rela-
clén c(fosfato)/c(NH;OH") es mayor que 2,0, més preferiblemente mayor que 2,1, par-
ticularments mayor que 2,2, méas particularmente mayor que 2,3, donde c{(fosfato) re-
presenta la concentracién de fosfato (en moll) y ¢{NHOH") representa la concentra-
cidn de hidroxilamonio (en mol/). Es ventajoso un aumento de esta relacién, ya que
éste da como resultado una disminucién de la cantidad de contaminantes orgénicos
que entran en la zona de sintesis del hidroxilamonlo en circunstancias posteriores
iguales. No hay un limite superior especifico para la relacién. Sl la relacidn es dema-
siado alta, 8l procedimiento pusde llegar a ser menoa Interesante desde un punto de
vista econémico. En general la relacién c(fosfato)/c{NH,OH") es menor que 10.

Se ha encontrado en esta invencion que una disminucién de la relacién molar
de (hidroxilamonio afiadido a la zona de sintesis de la oxima de Ia ciclohexanona por
unidad de tiempo)/{ciclohexanona afiadida a la zona de sintesis de la oxima de Ia c}-
clohexanona por unidad de tiempo) da como resultado una disminucién de la concen-
tracién de los contaminantes orgénicos en el medio de reaccién acuoso que sale de la
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zona de sintesis del hidroxilamonio. Preferiblements, la relacién f/f. @8 menor que
1,00, donde f, representa la cantidad molar de hidroxilamonlo afiadida a la zona de
sintesis de la oxima de la ciclohexanona por unidad de tlempo (en molas por unidad de
tiempo), Y f. representa la cantidad molar de ciclohexanona afiadida a la zona de sin-
tesis de Ia oxima de la ciclohaxanona por unidad de tlempo (en moles por unidad de
tiempo). Preferiblemente, ia relacién f/f, es < 0,99, mas preferiblements menor que
0,98, particularmente menor que 0,87, y més particularmente menor que 0,98. La dis-
minucién de la relacidn tiene la ventaja de que el efecto del aumento de la concentra-
cién de hidroxilamonlo sobre la concentracién de los contaminantes argénicos en el
maedio de reaccién acuoso que sale de Ia zona de sintesia de Ia oxima de la ciclohexa-
nona se suaviza o se evita. Esta disminucién de las relaclones tiene como resultado
una disminucién adicional de la concentracién de los contaminantes orgénicos en el
medio de reaccién acuoso que se recircula desde la zona de sintesis da la oxima de la
ciciohexanona hasta la zona de sintesis del hidroxilamonio. No hay ningin limite infe-
rior especifico para la relacion fi/f.. Gensralments, f,/f; es > 0,5, preferiblemente f./f. es
> 0,7, més preferiblements f,/f; es > 0,8. La relacién f/1, deseada se puede obtener de
diferentes modas. Es posible, por ejemplo, disminuir la relacién aumentando el caudal
de la ciclohexanona que se afiade a la zona de sintesis de la oxima de la ciclohexano-
na con relacién al caudal de! medio de reaccién acuoso que entra en la zona de sinte-
sis de la axima de la ciclohexanona. Es posible tamblén, disminuir la relaclén disminu-
yendo la concentraclén de hidroxilamonio an el medio de reaccién acuoso que entra
en la zona de sintesis de la oxima de la ciclohaxanona.

Generalmente, el medio de reaccién acuoso es un medio de reaccién écldo,
tamponado. El medio de reaccién acuaso puede contener amonio (NH,*), por ejempla,
formado como un producto secundario en la sintesis del hidroxilamonio. Preferible-
mente, en & medio de reacclén acuoso que entra en la zona de sintesis de la oxima
de la ciclohexanona, la relacién c{NH,"Yc(fosfato) estd entre 0,1 y 3, méas prefarible-
mente entre.0,2 y 2, y muy preferiblemente entre 0,5 y 1,5, donde c(NH,") representa
la concentraclén de NH,* en molA y c{fosfato) representa Ia concentracién de fosfato
en mol/l.

Generalmente, el medio de reaccién acuoso que entra en la zona de sintesis
de la oxima de la ciclohexanona contiene nitrato (NOy). Preferiblemente, en el medio
de reaccién acuoso que entra an la zona de sintesis de la oxima de la ciclohexanona,
la relacidn c{NOy)c{fosfato) estd entre 0,05 y 1, més preferiblementa antre 0,1 y 0,5,
donde c{NOy) representa la concentracién de NOy" en mol/l y c{fosfato) representa la
concentracién de fosfato en moll.
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En la zona de sintesis de hidroxilamonio, el hidroxilamonio se forma por la re-
ducclon catalifica del nitrato con hidrégeno. La zona de sintesis del hidroxilamonio,
puede hacerse funcionar a una temperatura que varia de 20 a 100 °C, preferiblemente
30-90 °C, mas preferiblements 40-85 °C, y a presién atmosférica, sub-atmosférica o
elevada, preferiblemente entre 0,1 y 5§ MPa, més preferiblemente entre 0,3 y 3 MPa y
en particular entre 0,5 y 2 MPa (presion parclal de hidrdgeno). Preferiblemente, el pH
en la zona de sintesis del hidroxilamonio, est4 entre 0,5 y 8, més preferiblemente entre
1 y 4. El catalizador empleado en asta zona estd generalments presente en un interva-
lo entre 1 a 25 % en peso, preferiblemente entre 5 a 15 % en peso de un metal precio-
80, con relacién al peso total del soporte mas el catallzador. Preferiblemente, el catall-
zador es un catalizador que contiene paladio, por sjemplo un catalizador que contiene
paladio o un catalizador que contiene paladio-platino, presents sobre un soporte, tal
como un saporte de carbono o alimina. Generalments, el catalizador esté presente en
la zona de sintesis de hidroxilamonio en una cantidad de 0,2-5 % en peso con relacién
al peso del liquido total que estd en el recipiente(s) del reactor de hidroxilamonio.

ipcién jbujo

La Figura 1 es un diagrama esquemético de una realizacidn del procedimiento
segUn |a preaente invencion.
Descripcion de una realizacién

Con relacion a la Figura 1, A representa la zona de sintesis dal hidroxilamonio.
Se usa una zona de sintesis de la oxima de la ciciohexanona que comprende la zona
B de reeccién y la zona C de extraccién. A la zona A, que contiene el catalizador, se
aflade hidrdgeno a través de la linea 1; se descarga el hidrégeno sin reaccionar, con
cualquler otro gas, a través de la linea 2. El medio de reaccién acuoso, que contiene,
entre otros, fosfato, se aflade a la zona A a través de la linea 15 y después de haber
sido enriquecido en hidroxilamonio (también en amonio como un sub-producto) en la
zona de sintesia del hidroxllamonio, se pasa a la zona B de reaccién a travée de la
linea 3. La concentracién de hidroxilamonio en el medio de reaccién acuoso que se
pasa desde la zona A a la zona B, es mayor que 1,3 mol/. La ciclohexanona a ser con-
vertida, se aflade en un disolvente omgénico a la zona B de reaccién a través de la
linea 4. La ciclohexanona 8¢ introduce en el disolvente orgénico a travéa de Ia linea 7.
La parte mayor de la oxima de la ciclohexanona producida y disusita en el disolvente
orgénico, se sapara del slatema a través de la inea 5.

Después de salir de la zona B de reaccion, el medio de reaccién acucso se pa-
ea a la zona C de extraccién a través de la linea 6. Despuéa de salir de la zona B de
reaccion, el contenido de hidroxilamonio del medio de reeccién acuoso ha sido reduci-



10

15

20

25

30

35

-10-

do por la reaccién y contiene pequefias cantidades de ciclohexanona y de oxima de la
ciclohexancna contaminantes. El disolvente orgénico entra en la zona C de extraccién
a través de la linea 9. Dentro de la zona C de extraccién, se separa una adicional oxi-
ma de la ciclohexanona del medio de reaccién acuoso y 88 elimina de la zona C en el
disolvente orgénico a través de la linea 8. En la zona C de exiraccion, se reducen los
contaminantes orgénicos residuales (ciclohexanona + la oxima de la ciclohexanona)
del medio de reaccion acuoso,

El medio de reaccién acuoso sale de la zona C de extraccién a través de la II-
nea 10 que pasa el medio de reacclén acuoso hasta una columna D de destllacién
para una operacién de separacién. En esta columna, se hidroliza la oxima de la ciclo-
hexanona a ciclohexanona, y la ciclohexanona asi formada junto con la ciclohexancna
que ya estaba presants, se descarga con otros materiales orgdnicos y agua (por
ejemple como una mezcla azeotrépica) a través de la linea 11. El medio de reaccién
acuoso que esté recirculando en el sistema pasa después a través de la linea 12 a la
zona E. En fa zona E, se produce écido nitrico, Preferiblements, el dcido nftrico se
preduce, en la zona E o después de ella, haciendo reaccionar ol aire afiadido a travgs
de la Ilnea 13 con amoniaco afiadido a través de la linea 14 y con agua procedente del
medio de reaccién acuoso. Tamblén o3 posible suministrer directamente acido nitrico
al medio de reaccién acuoso en lugar de producir el 4cldo nitrico. Con ello, se aumenta
el nivel de nitrato en el medio Inorgénico de la zona E. En la zona E, los iones amonio,
por ejemplo formados como un sub-producto en la sintesis del hidroxilamonio, se pue-
den convertir por medio de gases que contienen éxidos de nitrégeno. Sin embargo,
también se pueden usar otros métodos pera la separacidn de ks lones amonio. Des-
pués, el medio de reaccidn acuoso completa el ciclo volviendo a la zona A de alntesis
del hidroxilamonio a través de la linea 15. El proceso se realiza de forma continua.

Los siguientes ejemplos especificos deben ser considerados como meramente
ilustrativos y no limitantes del resto de la descripcién.

EJEMPLOS 1-7

En todos los ejemplos, se usé la realizacién que se llustra en la Figura 1.
Elemplo 1

En la zona A de sintesis del hidroxilamonlo (que cortiena un catalizador (Pd al
8 % en peso y Pt al 2 % en peso, sobre soporte de carbono), funcionando a una tem-
peratura de 50 °C a una presion de 1 MPa (preslén parcial de hidrégeno)) ae produjo,
por unidad de tiempo, un medio de reaccién acuoso que tiene la siguiente composi-
cion:

1,00 mol de NHyOH.H,PO,

£
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1,14 mol de NH,H.PO,

0,74 mol de HyPO,

1,78 mol de NH,NO,

43,0 mol de H,0

y se afiadié de forma continua (a través de la linea 3) a la zona B de reaccién (una
columna con empaquetamiento, pulsada, funcionando a 55 °C), junto con ciciohexa-
nona (suministrada a través de la linea 7) y tolueno (suminisirado a través de la linea
9). La relacién molar fyT. fue 0,95. Un medio orgénico que comprende la oxima de la
ciclohexanona disuelta en tolueno se separd de la zona de sintesls del hidroxilamonio
(a través de la linea 5), siendo la concentracién de la oxima de la ciclohexanona del 38
% en peso (con relacién a la suma de los pesos del tolueno + la oxima de la clclo-
hexanona). El medio de reaccién acuoso que sale de la zona B, se afiadié a la zona C
de extraccién (una columna con empaquetamiento, pulsada, funcionando a 70 °C),
Junto con tolueno.

El medio de reaccidn acuoso que sale de la zona C de extraccidn contenia
0,0475 moll de hidroxilamonio. Siguiendo la formacién in sifu de écido nitrico por ab-
sorcion de gases nitrosos en la planta E del Acido nitrico, no se encontré hidroxllamo-
nio en o medio de reaccién acuoso que entra en la zona A. La cantidad molar de
hidroxdlamonio perdida a causa de la descomposicién por la cantidad de hidroxilamo-
nio formado en la zona de sinteasis del hidroxilamonio fue 4,75 %.

Elempio 2

En este ejempio todas las condiciones son las mismas del ejemplo 1 (incluyen-
do la relacién molar fi/f y la concentracién de la oxima de la ciclohexanona en el me-
dio orgénico), excepto que el medio de reaccién acuoso que sale de la zona A y entra
en la zona B tenfa la sigulente composicién:

1,25 mol de NHyOH.H;PO,
1,25 mol de NH,H:PO,
0,75 mol de HyPO,

1,75 mol da NH,NO,

40,5 mol de H,O

El medio de reaccién acuoso que sale de la zona C de exiraccion contenla
0,0438 mol/t de hidroxflamonlo. Siguiendo la formacién in situ de 4cido nitrico por ab-
sorciin de gases nitrosos en la planta E del éckdo nitrico, no se encontré hidroxilamo-
nic en el medio de reeccidn acuoso que entra en | zona A. La cantidad molar de
hidroxlamonio perdida a causa de la descomposicién por la cantidad de hidroxilamo-
nio formado en la zona de sintesia del hidroxitamonio fue 3,50 %.
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Ejemplo 3

En este ejemplo todas las condiciones son las mismas de los ejemplos anterio-
res, excepto que el medio de reaccién acuoso que sale de la zona A y antra en la zona
B tenia la sigulente composicién:
1,33 mol de NH;OH.H,PO,
1,18 mol de NHH:PO,
0,71 mol de HyPO,
1,70 mol de NH,NO,
40,9 mol de Hz0

El medio de reaccién acuoso que sale de |a zona C de extraccién contenla
0,0438 mol/l de hidroxilamonio. Sigulendo la formacién in sifu de écido nitrico por ab-
sorcidn de gases nitrosos en la planta E del 4cldo nitrico, no se ancontrd hidraxilamo-
nio en ol medio de reaccidn acuoso que enira en la zona A. La cantidad molar de
hidroxdlamonio perdida a causa de la descomposlcién por la cantidad de hidroxllamo-
nio formado en la zona de sintesls del hidroxilamonio fus 3,30 %.
Eiempio 4

En este ejemplo todas las condiciones son las mismas de los ejemplos anterlo-
res, excepio que el madio de reaccién acuoao que sale de la zona A y entra en ia zona
B tenla la siguiente composicién:
1,44 mol dé NH,OH.H:PO,
1,18 mol de NHH;PO,
0,71 mol de HsPO,
1,88 mol de NHNQ;
38,3 mol de H:0

El medio de reaccién acuoso que sale de la zona C de extraccién contenla
0,0483 mol/l de hidraxilamonlo. Siguiendo la formacién in situ de dcido nifrico por ab-
sorcién de gases nitroacs en la planta E del acido nitrico, no se encontrd hidroxilamo-
nio en el medio de reaccién acuocso que entra en la zona A. La cantidad molar de
hidroxilamonio perdida a causa de la descomposicién por la cantidad de hidroxilamo-
nio formado en la zona de sintesis del hidroxilamonio fue 3,22 %.
Eiemplo 5

En este sjemplo todas las condiciones son las mismas de los elemplos anterio-
res, excepto que el medio de reaccion acuoso que sale de la zona A y entra en la zona
B tenla la siguiente composicion:
1,48 mol de NHyOH.HaPO,
1,64 mol de NHH,PO,

6l
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0,69 mol de H,PO,
1,41 mol de NHNO,
38,3 mol de H;O

El medio de reaccién acucao que sale de la zona C de extraccién contenla
0,0375 mol/l de hidroxilamonio. Siguiendo la formacidn /n situ de écido nitrico por ab-
sorcién de gases nitrosos en la planta E del Acido nitrico, no se encontrd hidroxilamo-
nio en el medio de reaccién acuoso que entra en la zona A. La cantidad molar de
hidroxilamonio perdida a causa de la descomposicién por la cantidad de hidroxilamo-
nio formado en la zona de alntesis del hidroxilamonio fue 2,54 %.
Eiemplo 6

En este ejemplo todas las condiciones son las mismas de los sjemplos anterio-
res, excepto que el medio de reacclén acuoso que sale de la zona A y entra en la zona
B tenla la siquiente composicidn:
1,54 mol de NHyOH.H;PO,
1,63 mol de NH;H;PO,
0,71 mol de HyPO,
1,63 mol de NH;NO,
37,2 mol de H;0

El medio de reaccién acuoso que sale de la zona C de extraccién contenia
0,0188 moll de hidroxilamonio. Siguiendo la formacién in situ de dckio nitrico por ab-
sorcién de gases nitrosos en la planta E del dicido nitrico, no se encontrd hidroxilamo-
nio en el medio de reacclén acuoso que entra en la zona A. La cantidad molar de
hidroxilamonio perdida a causa de la daescomposicién por la cantidad de hidroxilamo-
nio formado en la zona de sintesis del hidroxilamonio fue 1,22 %.
Eiemplo 7

En este ejemplo todas las condiciones son las mismas de los ejemplos anterio-
res, excepio que el medio de reacclén acuoso que sale de la zona A y entra en la zona
B tenfa la siguiente composicién:
1,63 mol de NHy;OH.H:PO,
1,65 mol de NH,H,PO,
0,70 mol de HsPO,
1,51 mol de NH,NO,
36,5 mol de H,O

El medio de reacclén acuoso que sale de la zona C de exiraccién contenla
0,0163 mol1 de hidroxilamonio. Sigulendo la formacién /n sifu de acido nlirico por ab-
sorcién de gases nitrosos en la planta E del dcido nitrico, no se encontrd hidroxitamo-



10

15

-14 -

nio en 8l medio de reaccién acuoso que entra en la zona A. La cantidad molar de
hidroxilamonio perdida a causa de la descomposicién por la cantidad de hidroxilamo-
nio formado en la zona de sintesis del hidroxllamonio fue 1,00 %.

Los resultados de los ejemplos 1 a 7 se han resumido en |a tabla 1, que mues-
tra la cantidad molar de hidroxilamonlo perdida a causa de la descomposicién por la
cantidad de hidroxilamonio formado en la zona de sintesis del hidroxilamonio (en %) y
la converalén del hidroxilamonio. Se demuesira que un aumento de la concentracién
de hidroxilamonio en el medio de reaccién acuoso que entra en la zona de sintesis de
la oxima de la ciciohexanona da como resultado una disminucién de la cantidad molar
de hidroxilamonio perdida a causa de la descomposicién por la cantidad de hidroxila-
monio formado en la zona de sintesis del hidroxllamonio y un aumento de la conver-
slén del hidroxilamonio.

Ejemplo | c(NHyOH Yaryrada | S{NH2OH")pusse | Conversion de Pérdida de
(mol/) (molA) NH5OH* NH,OH"

(%) (%)
1 1,00 0,0475 95,25 475
2 1,25 0,0438 86,5 3,50
3 1,33 0,0438 98,7 3,30
4 1,44 0,0483 66,78 3,22
5 1.48 0,0375 87.48 2,54
6 1.54 0.0188 88,78 1,22
7 1,83 0,0163 98,0 1,00

En el taxto anterior se han ilustrado y descrito realizaciones particulares de esta
invencién. Sin embargo, los expertos en la técnica pueden entender que se pueden
hacer diferentes modificaciones, sin separarse del esplritu y alcance de la invencién.
Por tanto, la interpretacién de esta nvencién no debe limitarse més que por las relvin-
dicaciones adjuntas.

&3



10

15

20

25

30

35

-15-

REIVINDICACIONES

1. Un procedimiento para la produccién de la oxima de la ciciohexanona, en el
cual un medio de reaccién acuoso que contiene fosfato se somete a un ciclo de opera-
ciones desde una zona de sintesis de hidroxilamonio hasta una zona de sintesis de la
oxima de la ciclohexanona y retomo a la zona de sintesis del hidroxilamonio, en cuya
zona de alntesis del hidroxilamonic se forma el hidroxilamonio por reduccién catalitica
de nitrato con hidrégeno, y en cuya zona de sintesis de la oxima de la ciclohexanona
8e hace reaccionar el hidraxilamonio con ciclohexanona en presencia de un disolvente
organico para formar la oxima de la ciclohexanona, caracterizado porque la concentra-
cldn de hidroxilamonio en el medio de reaccién acuoso que entra en la zona de sinte-
sis de la oxima de la ciclohexanona es mayor que 1,0 mol,

2. Un procedimiento para la produccién de la oxima de la ciclohexanona, en el
cual un medio de reaccldn acuoso que contiene hidroxilamonlo, fosfato y nitrato se
afiade a una zona de sintesis de la oxima de la ciclohexanona, en la que el hidroxila-
monio se hace reaccionar con ciclohexanona en presencia de un disolvente orgénico
para formar la oxima de la ciclohexanona, caracterizado porque la concentracién de
hidroxilamonio en el medio de reaccién acuoso que entra en la zona de sintesls de la
oxima de Ia ciclohexanona 8s mayor que 1,0 moll.

3. El procedimiento segiin la reivindicacién 1 o Ia reivindicacién 2, caracterizado
porque la concentracién de hidroxilamonic en el medio de reaccién acuoso que entra
en la zona de sintesls de la oxima de la clclohexanona es mayor que 1,2 molil.

4, El procedimiento segin una cusiquiera de las reivindicaciones 1 a 3, caracte-
rizado porque la concentracién de hidroxilamonio en el medio de reaccién acuoso que
entra en la zona de sintesis de la oximea de la ciclohexanona, es mayor que 1,4 molfl.

§. El procedimiento segin una cuaiquiera de las relvindicaciones 1 a 4, caracte-
rizado porque la concentracidn de hidroxilamonio en el medio de reaccidn acuosc que
entra en la zona de sintesis de la cxima de la ciciohexanona, @s mayor que 1,6 mol/l.

6. El procedimiento segun una cuaiquiera de las reivindicaciones 1 a 5, caracte-
rizado porque el medio de reaccién acuoso y una cofmrienta que comprande la ciclo-
hexanona y el disolvente orgénico, se ponen en contacte en un flujo contracorriente.

7. El procedimiento segin una cualquiera de las relvindicaciones 1 a 8, caracte-
rizado porque el disolventa orgénico y la ciclohexanona se afladen a la zona de sinte-
als de la oxima de la ciclohexanona, y un medio orgénico que comprenda el disolvente
orgiéinico y la ciclochexanona, se separa de |a zona de sinteals de la oxima de la clclo-
hexanona, siendo la concentracién de la oxima de la ciclohexanona en el medio orgé-
nico mayor que 5 % en peso.



10

-18-

8. El procedimiento segiin la relvindicaclén 7, caracterizado porque la concen-
tracién de la oxima de la ciclohexanona en el medio orgénico que sale de la zona de
sintesis de la oxima de la ciclohexanona es mayor que 25 % en peso.

9. El procedimlento saglin une cualquiera de las reivindicaciones 1 a 8, caracte-
rizado porque el disolvente orgénico se selecciona del grupo constituido por benceno,
tolueno, xileno, metilciclopentano, ciclohexano y sus mazcias.

10. El procedimiento segtin una cuelquiera de las reivindicaciones 1 a 9, carac-
terizado porque la concentracion de hidroxilamonic en el medio de reaccién acuoso
que sale ia zona de sintesia de la oxima de la ciclohexanona, es menor que 0,1 mol/l.

11. El procedimiento segin la reivindicacién 10, caracterizado porque ia con-
centracién de hidroxilamonio en el medio de rsaccién acuoso que sale la zona de sin-
tesis de la oxima de la ciclohexanona estd entre 0,01 y 0,05 moll.



10

-17-

RESUMEN

La invencidn se reflere @ un procedimiento para la produccién de la oxima de la
ciclohexanona, en el cual un medio de remsccidén acuoso que contiane fosfato se some-
te a un ciclo de operaciones desde una zona de sintesis de hidroxflamonio hasta una
zona de sintesis de la oxima de la ciciohexanona y retomo a la zona de sintesis del
hidroxilamonio, en cuya zona de sintesls del hidroxilemonio se forma el hkiroxilamonio
por reduccién catalitica de nitrato con hidrégeno, y en cuya zona de sintesis de la oxi-
ma de la ciclohexanona se hace reaccionar el hidroxilamonio con ciclohexanona para
formar la oxima de la ciclohexanona, en el que la concentracién de hidroxilamonio en
el medio de reaccién acuoso que entra en la zona de sintesis de la oxima de la ciclo-
hexanona @3 mayor que 1,0 mol/.
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