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Gur PNC process converts cyclcehex~ne tc cyclohexmn v

e
enc step without using nyldroxyl-iin. rceducing to Lnlf the ~mncniun

sulph~te producel ~n by-vrcduct in tie ecnvention 1 Prec oo,

Rescenrell work c'~rsol i 1950 “nd the firet rniamerei-l nl-nt
7

Cone on strerm in 1952 ~nt oy 19¢8 we Yo chrnerty ot 200 millicn

1bs./~nnwa of coprelocton (nylon=f onc “ET )

The poper detoals the remacn £or the long peried o f pescoreh

neceessery ~nd then discusses the cper-tion of the precess.  Thig

consicts of tho tre-*nopt

of cvel hexorn. with nitresyl chloride

reduced by the re~csticn of hylrcgen ehleri ) with - ~ul shuri-
A . & t

acid scluticn of the s produce b byt cxidetion of ~pont, )

Cyclohux~nine cximic dydrcchlerits as formod under conditions

_1_/ The views nl Cpialone Xpressod in this poper roe those o f the
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invelving illwuincticn with ultr- viclet light wrefer-bly between -~ wove

length of 350 ~nd OCO =i, This product is submitted to thic Beck ~nn

renrroagenent by trontmont with sulthuric ~cid in thoe cenventicn~l o~nncr.
the mechinigs L0 the roccfion 1. consildercl in cone Aot il o cre the
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retcticn crnditivas necoosaey Lo i the o Auction of wndecirble b=

pToducts. Doceltl hish proscure corcurs vovur Lups foul to 50 D oennmelty
Lrve been developed witieh roduce power cencw.tion to o mheut 2.9 .0 ner kg
+f oximc prcduccts The rooovel o f thera-l cnergy snd owethe o of denling with

the corresive -cticn of nitrosyl chleride ro discuscod.
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summary

Our DIIC process ronverts cyclohexane to cyclehexcae oxime in one ste

witout using hydrorylamine reducing to hali the cmmonium sulphate nroduced

as by-nroduct 1. the coaventional process.

Lesearch worl storted in 105C end the {irst commercial plant came on
gtream in 1962 ond oy 1962 we had o cepacity of 200 million 1bs cnaom of
caprolectom (nylon-6 monomcr).

e paper detzils the reason for tiie long period of researca
necess-r end then discusses tlc operciion G U@ process. Thilsg zous1sus
of the trectment of cvclolexane with nitros’l chloride (»roducecd br the
reaction of liydrogen chloride witl. a sulphuric zcic solutlion of the oscs
nroduced by ihe oxidation of ammonic,. O -clohenenone oxim< hdrochtoride
is formed under conditions involving illuminetion with uvltraviolet light
preferably botween ¢ wove lengtl. of 325C end 500 m:  This nroduci 1s suv-
mitted %o the Beclkmaan rearrencemcat by treatment witl sulpliuric ceid in
the coaventionsl mesrcr.

The mechanism of the recctron is considercd in some detail os ure
the reaction conditions nccessar: to avoid the production of undegircple
by-products. 3Ivcciel high pressare mercury vapours lamps of up to 60 Kw

capacity hove beea developed whiich reduce poiler coasumpiiorn to ~bout

2.5 I per kg of oxime produced. .lie removal of thermel encergy @d nethods

of dealing with tue corrosive action of nitrosyl chloridc aore discussed.
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Teble 1
. Development of I'C Process
Total Lamp
production Capecity Oxime yicld
IT Lbs/yv . Kw g oximc/Xu'i
1950 Basic csearch storted
1952 1 50
1958 Bench scalc plint . 5 130
1960 Pilot plont ' 10 200
1962 Zommercinl plont 8 10
1963 TIcu plont 32 20
1964 1st xtcension 48 20 300
1966 2nd . xicnsion 110 20,40 400
1963 3rd oxtoasion 200 40,60 400

The revicw of' the PIIC proccss devilopment is shown in Trble 1. Qur
rescarch work started in 1950. he first commercisl produvction has bucn on
strcam ot cbout 25 million pounds por yeer sinec 1963, ‘4 preseat 000 mallion
pounds of ¢-coprolactam is producced by the PI'C proccss in our Lageyo plint,

The remson why such o long *ime was riquired to commerciolly dovelop i
PUC proccss was Jhot the soluticn of the tochnienl problems consum.d o oro. -

dcal of time:

1) Suppression of side reactiuns incidoniol to the photonitrosation cad
stobilizotion of the continmvons ro~ction.

2) Development of lemps hoving both lorge copacity end high cificicncey.

3) Dusign of photo-reactors cnd dotormin~tion of ceonomic cepacity of the
piolo-reector.

4) Scluction of corraosion-resisiant matoricls.

5) Development of o process for wconomiesl manufacture of nitrosyl chloride

TOYD LMYQI, DS in Gurmeay, f1licd Chemicals in the Unitod 3tates, ond
the Sovict Union cre procceding with the roescorech work. Jowever, wo hinve
resolved 11 the oforcescid problums and cstablished the process on an indus-

trial basis.
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liow, T prcscnt vXperimental regults and discussion to you.

Pigurc 3
MECHANISM
OF PHOTONITROSATION REACTION ‘_
NOC! L o 4 e
GOXD e GO 4w

. H T\ HHC -
@’. + NO*-—-—-’<HXNO-—~——~—:1-NOH HCI

LIGHT i_“j'
HEA
( H :=NOH-2HCI
H
[@NOJ:

The Photo-nitresation is o singl: stup procuss. Towever, it ig actuelly
& eompositc runctiop involving rrdical rcactions eond isomerization of inter-
mediates (cs shown in Manre 3), - Presint this cen be ~ecounted for Ly
the cage cffect Liicory cdveisced by ‘rank and “ebinovitel,  The cege ffecy
whercby the reclion teokes place Within i Coge of cyclohixone ig supportcd
by the foct thet “Ven 1n o rezetion ip Wil F150 is 2ddud to th_ nitrosyl
chloride gos ih. oxime produced doos ol contain ony 7]5 “itrosyl chilorid.

18 an vxelllopt Light obsorbor PVET oowiidl ronge from visible rogrion .o

the ultroviolot rvzion.  The bond Ty of C1-70 15 rhout 33 keal, mol, and

Corresponds Lo th. CALTEY poss.sscd by the light quentun "oviug the uave lingth
of 759 mi, Thuorutically, thercfor., it should he paoto-disroci~t. g into
radicnls of nitric VX1de oad chiloria. whon th 11irosyl chloride cbsorbs lighs

having shortep Ve longths thien 195 i proctice, hownv¥r, light hiving
short.r wey. lengths then 600 Q;bis ffcetive from the steandpoini of absorptiy,
Boterminetion of the yicld of the light quontum indicates thet the seid yiold

consistently stonds at chout 0.7 over o wide ronge of wrve lengths from
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EFFECT OF HYDROGEN CHLORIDE
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O HCI/NOCL=10
A HCI/NOCI=20J

CYCLOHE XANONE OXIME  VIE:
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i .k [ W
100 150 200 250
NOCI  RATE, ml/min

It is knowm thot 43¢ cyclohexonong oxime, bisnicrosocycloh;xanc, ond
cyclohconons oxim. monolydrecnloride form a 2y e photo-aitrosction furih-
recet with ritrosyl ehloride to rorm l—ohloro—l-uitrosocyclolc:anu cteo The
gcm-chloronitrasocyclohu:anu ~bsorby 1i7h: and deconroses ints o browm torry

. R Y L B TP -~ . :
substaarc., Tt ot ches Lusclf o to thoe sericcee or b lisad soure.
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1 N o y 4 i 3 3
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blsnltrosocyulo,buvgxi ard cyclohzenone sxime monordrochlovile orc unstable o

34 A I 3 Ty R, . PR T T . . . :
niirosyl chlorid.. S nre eonverted by Lydrosin cllaride ints cyclo-
SLIanonc oxime divydrochl ride thie, 15 procirenlly siobic 9 ihe nitrogyl
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] C ™ =y e~ r RV T o < 4 . \ S 1 3
chloridc. Trom it rre. thel e usce of nitrogln in ploce of aydrogen chloridge
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decs not achicve seme rozulty it is eccneludll tial bl cforimentioned

zdditicn of svdroo g ehloride Qoos s met Coonodilvent oaly. Caother sdvents
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i il

of 1atroducines wdrogen chloride is tiep it rrovants tho oily liydrochlor
dAcposited on t 1) of ihe light source wube fron turninz into a trown i
filn. Formotion of tarry fiims on it surcsoce of tho lizht sourecc tube resu, s
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