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1. IXiRo13C'CTIO:: 

genoeiin vzs strdieci, afmiag a t  t h e i r  i n d u s t r i a l  disposal  and conversion 
i n t o  usefu l  m t e r i a l s  vi thout  causing any 'hazard to  ehe pub l i c  o r  the  
environzent . YI;.C,-pressure hydrogenrt ion-dechlor~aclon of PCSs using a 
?me\- s fcke l  c3:alysr (R-?\I c a t a l y s t )  have been previous l t  reported by us. 
Folloving these r e s u l t s ,  a s e r i e s  of experiments were carried out, f o r  t h e  
zest par t  u s i n g  a zar5on-supported ?alLadium ( 5 : )  c a t a l y s t  (PI-C c a t a l y s t ) ,  
under :Se constazt -ear-normal pressure-essent ia l  b order to take t h i s  
=etSod beyond the  1abora:ory stage. 

2 ~<-~~~:~;:T 

conzainins iso?rc>pi alcohol, to reac t  with the constant near-normal pressure 
o f  Sydrogen ir. t:..t 2resence of Khe Pd-C c a t a l y s t  a t  50' 2 100°C, and vas 
converted h t o .  5iJSsnyl. a sua11 amount of phenylcyclohexane and sodium 
cihloride. i3is react ion vas car r ied  out using che same autoclave (capacity 

0 d) capable of c s c i l l a t i o n  as vas used previously, and the tempergcure 
i a g  the reac t ioa  ;'is kept constant v i t h i n  the  change range of f3.s C. 

Dec'dorination o t  polycUorinated bfphenyls (PCBs) by c a t a l y t i c  hydro- 

I) 2) 

?C3 'as dts;.-roed and enuls i f ied in a sodiun: Sydroxide aqueous solution 

'3 ne d e t a f l s  o f  :ha standarp)~jrper'jnental conditions were a lso  the s a m e  a s  
_Lor the prsvious occasion. 
PCa K C 4 0 0 ) .  
through a t ~ - s t e p  control led.  highly rene i t ive  regulator  from a h i fh  ,' 

gressure tank (capacity 227.5 al) containing on average 25.0 kgv/cm of 
hydrogen, and tbc ;ressure change L-S observed using a ,s t ra ia  gauge - 
xoltage converter .;f:hin a change range of 0.01 kgv/cm' and an accuracy of  
-3.5%. in order t o  est*ate the hydrogen consumption during the reaction. 
The dechlor inat ion r a t i o s ,  the  react ion products, and Khe amou f res idual  
PC3 vere detemined by t h e  same method a s  vas used previously. 

The PC-C c a t a l y s t  used vas 250 ng (3.3% t o  
h constant near-sorrml pressure of hydrogan vas supplied 

sfi? 

3 .  ESXTS .um DISC:SSION 
i) Reaction Process 

As is shocsn in Pig. 1, it is extremely c h a r a c t e r i s t i c  that constant 
pressure hydrogenation react ions using a PI-C cacalyst  a t  7O0-1OO0C reveal 
t.bo d i s t i n c t  hydrogen consumption r a t e s ,  i n  other  vords a r e  expressed a s  
:*a separate  s t r a i g h t  l ines .  The gradient  of both those lines decreases 
in r e l a t i o n  to  t s e  decrease in t o t a l  pressure, i.e. hydrogen partial 
pressure. The first s t r a i g h t  l i n e  suggests that dechlorination occurs 
*iery rapidly,  *.-bile :he second line, vhich is almost s t ra ight .  indicates  
a quasi-cquilibriut. s t a t e  of  dechLorination, vhere hydrogenation of t h e  
Goublz bonds of tip:'.enyl proceeds gradually, along w i t h  the slov techlor in-  
a t ion of res idual  lsu-chlorinaced P C 3 .  
11) !.!aterial fa iance  

. 

Certain c k a r a c t r r i s t i c s  can be seen in the material  balance, a s  shom 
Table 1, due t o  the cont ro l l ing  of hydrogen s u p p l y  to  the  c a t a l y s t  in 



t ie  cons:an! near-r.orrd1 pressure reaction (hydrogen p a r t i a l  2ressure 0.55 - 
3.50 kg-:,'c='). 
COnStant 3t a l eve l  of 8 6 : ;  phenylcyclohexane Is found to depezd on tydrsgen 
pressure, aac res idaa l  P g  to depend on it Inversely. 
ware as a c k  as 98: a t  ?O C, and 90% a t  5OoC. Very l i t t l e  phenylcyclohexane 
sas producrd a t  any tenperature, due t o  tha low hydrogen pressure. I t  is 
apparent :kat a t  che quasi-equflibrlum s t a t e  a s l i g h t  fur ther  continuation 
of the  dacY:rt7st:cn process Increases the quantity of biphenyl, and the 
quantity o f  ?t.enylcyclohexane also i n c r u s a s  a t  almost the saae ra te;  
reade ,  zke <uaa:f:y of biphenyl remains alnost  constant a t  each :ezperature. 
th. E.eerf.1 5 d m c e  of the constant near-norrcrl prassure react ion Using che 
3-!X catalyst  is skocin in Fig. 2, for  comparfson. 
iii) R.lr:icas 9a:raen Ilydrogen Pressure and I n i t i a l  Dechlorination Pate 

i h e  ftrditntr o f  first  lines in Fig. 1 zare plot ted agair.st constant 
r u e t i o n  ~ r e s s u r a s ,  t o  produce Fig. 3. T h i s  f igure  c lear ly  indicates  that 
the r u c z i o n  p x e e d s  proport ioaai  t o  the  first order of hydrosen p a r t i a l  
pressure. ,The reacc,ion stopped a t  the background pressure of t h e  solvent 
1.2 kpr/ca'. TZo s t r a i g h t  line's equation 1s a s  follows:- 

:a :he reaction a t  LOO'C. Khe yield of  biphenyl is nearly 

The yields  of blphenyl 

a s  a 

15.0 ( xo-1.2 ) - - * C t  . . . , . . . . . (1) 

vhere x eeazs the resic!ual pressure of the hydrcgen tank, and xo  means t o t a l  
rmactior. ;rcrsoure. 
iv)  Act:-a:.t?n L:erzy oi 1zi:ial i)ec:dort?a:ion Reaction 

r a t e )  is ~7i::ea as fo l lows:  
fhe k.t:iaL :-.:rlroSen consumption r a t e  R (equivalent EO :?.e dech?orlnacion 

clx 
3 - k PBz [PCSl0 - k . . . . . . . . (2) 

.,hare k corregpocdr KO the  gradient of the  slope 3s shovn in 'ig. 3. 

thfs grad:mt, zke overall ac t iva t ion  energy o f  the  react ion tas determined 
t o  b. S.5 kcal / lo i .  
of krter=oleculnr forca, more o r  leas a t  the l e v e l  of van d e r  Waal's Force. 
From t h i s  r e s u l t .  the  inftlal react ion rata is seen t o  be under t h e  control  
of Hmry's Lac;, as shown In tis. 3. and therefore  i t  can b e  Inferred that 
:he r a t e d e t a r n i n o d  s tep  o f  the h y d r o s e n a t i o n d e c h l o r ~ a t i o n  of PC3 Is the 
? i s m a l v t l ~  of hjjdrogen into the react ion solvent and its diffusion Into :he 

v) Puri ty  o f  Crude Crystal Siphenyl Produced b y  Pd-C Catalyst 

3OoC p e r  Sour; f laky biphenyl c r y s t a l s  were deposited. 
f i l t e r e d  f ron  the solucion before It cooled. The deposit was fi1:ered using 

suction f i l t e r  with ordinary f l l t e r  paper, ana dried In Its crude s t a t e ,  
without any ?urif icaelon.  C r y s t a l  recovery was found t o  be  nore than 99.5%, 
and the residual  biphenyl in the  solut ion ( 9 5 4  amounted EO less than 2Omg. 
The crude c r y s t a l  was analyzed by an Ea]-gar chromatograph and found to  be 
99.902 pure.  

?.zm~:crs 

The k- 

-3 " s e ,  were studied, whfeh gave the Arrheniur Plot  shoun i n  Fig .  4. From 

This degree of energy corresponds eo thc  energy  bar r ie r  

1u.r a t  LOO C, FO'C and 7OoC, undar 1.00 kgu/cm of hydrogen p a r t i a l  

ca ta lys t .  ! 

The biphenyl produced was cooled in  the solut ion In s i t u  ac a r a t e  of 
The ca ta lys t  had been 
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?is. i :  XyCrs,-sr. cxs;r.q:ion r t c e  of constant near-noma1 pressure 
5yd:~;~saiiot si ?'3 RC-400 by means of Pd-C Caca1::sc. 
c o t a l  prersu:a i.-:.?:c;;en partial  pressure is brackets). 

?!umbers represenc 

-~ 

m j i o 0  1 1 120 93.54 943s mzs 1 0.; 7.79 92.71 

zzz j 9 0  1 (::::, 
O-'' 1 ISO 95.69 94.53 (7.79 0.1s 7.14 gs.09 ,= 

2.n 50 j i s s  9a.a 94.4s a9.u 0.07 i.90 9s .a  

- 
i 90 

95.01 95.9) 85.40 I 1.37 4.91 91.66 

1 0 '  
(1.00) 

0 . 0 0  

, tw 1 SO 1 ,?*?!, 1 160 , 95.35 I 94.02 1 90.59 I 0.12 , 5.31 , 95.12 , 



Fig. 1:  :~:szLzI kalance of constant 
l u r - n c r a i  ;;tSS2:8 hydrogenation of 
!:C-WO 3:: rea-s c i  ?.-!,Ti cata lyst  10°C. 

'fg.3 : Reiacion becvaen :oca1 7ressure 
and reazt lon rate of coastanc near- 
noma1 pressure hydrogenatlon of KC- 
400 a t  1 0 0 ~ ~ .  

1000/T 
Tip. 4: .;rtheniut Plot of constant near-normal ptcssura hydro- 
geiii:f:r: 3f Y , C A O O  betvfen 7O0-LOO0 C under hydrogen partial  
?rerrsc:e a: 1.00 kgu/ca . 


