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SUKTJJIY 

THE PíPORT:JIC£ OF THE PHCTQiHTTIOS /I'IC" PROCESS  FOR  THE 

PRODUCTION ci- ::YLO:
T
-' ::oNorm 1/ 

Ycchik-.zu  Ite 

Te ye P.-yv.af  Jr.p-\n 

ûur PNC process-  convert e cyclehcx-.no  te  cyclohcxr.n is 

one step without  usin- nydrcxyl',.:in,   reducing te  h~df the   -vnncniun 

sulphote  produco! —  hy-rrcduct   m   th.;.  convent i. n; 1   pnc:Gc. 

Research  work sorted m 19%   ~nd th.  fir.t  r,(,.wrrl  pi.nt 

cc*ie ün strc/n   m 15,2 ond by 19u8  we   h-l -   -:^it>v     f  200 .mllien 

lbs./annum of  copra-c+oo  (nyi,--6  :\-nc.r.cr). 

The  paper  detr.iic the  re-en   t\ r   the   lc,i(; P<.no \  rf   rcs.--.rch 

necessary  and  then  discusser,  the cp.r.tr n ef th.; piceas.     Thin 

consists  cf  th..   trc-.r.v.e-nt  cf cycL h.,x- n,   with nitrc-eyl   chi.ride 

(produce by  the  rcarticn cf hyircgen  chien .!,. with   -.  rulphunc 

acid eolutim  cf  the  £~.r>^-  proou-v-i  by  th .    xH-tien  < f  -„nr,j 

Cyclohuxan-ie  OXK,,  hycreehl.- rr',    is   fer-, d under e r.dit i. rio 

J/ The vicwr; 
-.Uthe-r -,:;, 
cf UNIX. 

id.69-3839 

n~l ^Pi»i-ns   .xpre^U  in  thie  p-.j, r    r,-   the ne  ,f the 

¿° :'ct  ^oessanly  refKct   the viuwr     f  th«,   secretariat 
This  d^cum^nt  ho.:;  boon  reproduced without   fennel  editing. 
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involving illur.iinr.ticn with ultr.-. vielc/t light  prefcr-.bly between  ~. rvc 

length if 35c -.nd óO(>   .^,.     Thin product   io  nubr.ittcd te  the Bcc!c.-nn 

ro-rr-.nger.ient b,; trc^tr...,it   with cul-huric  -cid  in the conventún-.l  -rnncr. 

'¡no iV.och.-niEr.: •.. f  the   re"Ct.i.->n  1.   0. ns.idered  in  c<.:.:e dttii     ::•   -.re  the 

re-.cti,n  cmditi^.s iiecc.öi'.r'  U   -v. i 1   i he   pr^lucticn <:f undccirible  by- 

i-r  ducts.     o:>cci~l high  pressure ., ^rcurp v .;•( ur  l^.pc    f up. te   60  hv/ c~.p-city 

L-vc been  developed which  reduce ¡XVKT  censii..^ 11. n  t.   "bout   2.5 dH;I  per kg 

; f OXíMC produced,    dhe   re• ,,vd > j   thciv.r.l  energy r.nd i;.ct!u \r, <f deling with 

the  corrosive  -,cticn     f mtr, ayl  chloride    -.re   discussed. 



We   regret   that   some  of   the   pages   in   the  microfiche 
copy   oí    th.s   report   mav   not   be   up   to   the   proper 
leg.iul.tv   standards,   rv,.i   though   the   best    possible 
eopv   was   usod   to.    preparing   the   master   fiche 
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'* * 

Summary 

Our PÎIC process converts  cyclohexcne to cyclohe:ccne oxirne  in one step 

without usine hydror.yl amine reducing to half the armonium sulphate produced 

as by-product  in  the conventional proceas. 

heceareh work started in  195C   raid   the  first commercial   plant came on 

stream in  1962 and  uy  1963 wo had a capacity of 200 million  TOR'annum oí 

caprolactam  (nylon-6 monomer). 

ï'ie paper details the reason for the  long period of research 

necessary and then discusses the operation of the process.     This consists 

of the trectucat  of cyclokexane with nitroa-.'l  chloride  (produced by the 

reaction of hydrogen chloride with a sulphuric acie solution  of the yy.ses 

produced by   ihr.  oxidation of armonia,.     Ci-xlohenanone oxime hydrochloride 

is formed under conditions involving  illumination wit1-', ultraviolet light 

preferably  between  r  urve length of  350  and 500 rrt--.    This  produci  is sub- 

mitted to the Beckmann rearrangement  by  treatment with sulphuric acid in 

the conventional   manner. 

The mechanism of the reaction  is  considered in some detail  as are 

the reaction conditions necessary to  avoid the production of  undesirable 

by-products.     3pecirl high pressure mercury vapour lamps  of  up to 60 Kw 

capacity have  been developed which  reduce power consumption  to  about 

2.5 IC.JTI per ky of o::ime produced.     .he removal of  thermal  energy and methods 

of dealing with tue corrosive action of nitrosyl chloride  are  discussed. 
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Table  1 

Development of P"C Process 

Total 
production 
ITTI Lbs/yv 

L a 
Capacity 
. Kw 

m p 
Oxuie yield 
g oximc/KWi 

1 50 

5 130 

10 200 

8 iO 

32 20 

48 20 300 
110 20,40 400 
200 40,60 400 

1950 Basic   ¿csearch started 

1952 

1958 Bench serle plant 

I960 Pilot pl.-rnt 

1962 Commercial plant 

1963 l'eu plant 

1964 1st extension 

1966 2nd extension 

1963  3rd extension 

The review oí'   the  P1TC process development   io  shown in /Vole  1.     Our 

research work s ta-ted in   1950.     /he first  commercial production has  been on 

stream at  about 25 million pc-wdc per year  sine.   1963.     '.t prcsem   ëOO mUlio» 

pounds  oí   ¿-canrolactam  is produced by  the   P;TC procese m our   .ngcya  plant. 

The  rv.r.son why such  a lona *ime was required  to commercially dew..]op  t«1, 

PI'C process wan  „hat  the   solution of the technical  problems consumai  a rr,. ; 

deal  of time: 

1) Suppression of sicL.   reactions incidental  to  the photonitrosation and 

stabilisation of  the  continuous  reaction. 

Development of lamps  having both  lar-v   capacity and high  efficiency. 

Design of photo-reactors  nid determination of  economic capacity  of the 

pilOtO-I'eCotoi'. 

Selection of corrosion-re sircant materials. 

Development of a process for economical   manufacturc of nitrosyl   chloride 

TOYÜ h/YCV,  BUS? in  Germany,   .Qlied Chemicals  in the United 3tates,   and 

the Soviet Union are proceeding with the research work.    However,  we  have 

resolved ail  the aforesaid probi ^s and established the process on an  indus- 

trial  basis. 

2) 

3) 

4) 

5) 
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"ow.  I Preset experimental rcoults « 
nd discussion to you. 

figure 3 

MECHANISM 
OF   PHOTONITROSATION   REACTION 
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1—~ (7}=N0H.HCI 

LIGHT 
HKAT 

CODC 

HCl 

(E> NOH-2HCI 

»• J«oto-aitro.3tioa Is n ,lngli ^ _ 

» oposite ruction znvoJvi,- rrdicil        ' "^  " 1B »^-"v 
liâtes  („ 0„01m  la  ri„,rc  " r-dlCal  r^tlMS •* Wr^tio,  „f iaUp. 
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—<- -r «. y,ld or tc lleilt ^ : ;t: :
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Figure 5 

EFFECT OF   HYDROGEN   CHLORIDE 

50 KX) 

NOCI       RATE , 

"TT- 

0 HCl/NOCI- 3 

0 HCl/NOCI = 10 

A   HCl /NOCI -20 J 
150 200 250 

il/ •"ni / mm 
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•io  oupprvoH   L:.,:  rrowi'i   of such   tr.rry fillll3|   various  i,i; r-   n 

proposed,   mUiidinj,   for . ;. U.VîL..,   ^Hi'in.! ,•'   ^i,:..-':,   ;.Uii:.   +.c 

and rcycl;;,-: nf  cMon.   .t...]   >,y-prod-crr  oln:u¡ud duri    •  L',. 

However,   non,   .,r   ;•-, ^  i,aî.r.,v.-:^.r.t0 l.r.v,   proved sn; ml : c torv. 

Figure  ó 

SPECTRA 
OF   HIGH PRESSURE  MERCURY   LAMP 
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PHOTONITROSATION  IN ABSENCE 
OF  ULTRAVIOLET   RAYS 

I 
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Hip»» (?idur,   7). 
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