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1. INTRODUCTION

Decnlorination of polychlorinated biphenyls (PCBs) by catalytic hydro-
genavion wis studied, aiming at their industrial dispesal and conversion
into useful aaterials without causing any hazard. to the public or the
environzent, Yigh-cressure hydrogenaticn-dechlorination of PC3s using a
Panev zickel cazalysr (R=N{i catalyst) have been previously reported by us.
Following cthese vesults, a series of experiments were carried out, for the
=ost part using a carbon-supported palladium (5%) catalyse (Bd~C catalyse),
under the constant zear-normal pressure essential in order to take this
=athod beyond the laboratory stage.
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2 ZMPERINENT )
PC2 was disparsed and emulsified in a sodium hvdroxide aqueous solution
conzaining isocr

of hydrogen in = resence of the Pd=C catalyst at 507 = 100°C, and was
converted  ince-
chloride. This -esaction was carried out using the same autoclave (capacity
~$0 al) capable of escillacion as was uysed previcusly, and the temperacure
ing the reacticn was kepC constant within the change range of #0.5°C.
4e details of the s:znda:i)i§p¢rimnn:al conditicus were also the same as
for che pravious occasion. The Pd-C catalyst used was 250 mg (3.32 co
PC3 XC-400). A constant near-normal pressure of hydrogen was supplied
chrough a two-step consrolled, highly sensitive vegulator from a high
pressure tank (capacity 227.5 al) containing on average 25.0 kgw/em” of
hydrogen, and the pressure change was observed using a,strain gauge -
zpl:age converter within a change range of 0.0l kgw/cm”™ and an accuracy of
«3.5%, in order to astimace the hydrogen consumption during the reaction.
The dechlorinacicn cazios, the reaction products, and the am”"ifi?f residual
PC3 were determined by che same method as was used previcusly.
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carl aleohol, to react with the constant near-normal pressure
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3. RESULTS AND DISCUSSION
1) Reaction Process )

As is shown in Fig. 1, it is extremely characteristic that constant
pressure hydrogenation reactions using a Pd-C catalyst at 70°-100°C reveal
t2o distinct hydrogen comsumption rates, in other words are expressed as
two separate straight lines. The gradient of both thase linas decreases
in relation to the decrease i{n total pressure, i.e. hydrogen partial
pressurs. The firsc straight line suggests that dechlorinacion occurs
very rapidly, while the second line, which {s almost straightc, indicates
a quasi-equilibriu= state of dechlorination, vhere hydrogenation of the
double bonds of biphenyl proceeds gradually, aleng with the slow dechlorin-
ation of residual low-chlorinated PC3.

14) Material 3alance

Certain characteristics can be seen in the material balance, as shown

in Table 1, due to cthe controlling of hydrogen supply to the catalyst in
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the constang near-normal pressure reaction (hydrogen partial sressure 0.55 -
3.80 kgw/e=™). In the raaction at 100°C. the yield of biphenyl fs nearly
constane at a level of 86Y%; phenylcyclohexane is found to depend on hydrogen
pressure, and residual PC§ to depend on it _inversely, The yields of biphenyl
vere as =uch as $8%7 at 70°C, and 90% at 50°C.. Very little phenyleyclohexane
was produced at any temperaturs, due to the low hydrogen pressure. It is
apparent :shat at the quasi-equilibrium state a slight further concinuation
of the dechlsTinaticn process increases the quantity of biphenyl, and the
quanciczy of phenvicyclohexane also increases at almost che same rate; as 3
cesult, zhe guancizy of biphenyl remains almost constant at each temperature.
The material balance of the constant near-normal pressure reaction using the
R=N{ cacalyst is shown in Fig. 2, for comparison.
411) Relacicas 3esween Hydrogen Pressure and Initial Dechlorination Rate
The graciencs of first lines in Fig. 1 were plotted against constant
reaction pressures, to produce Fig. 3. This figure clearly indicates that
the resccion sroceeds proporticnal to the firsc order of hydrogen parcial
pressure. ,The reaction stopped at the background pressure of the solvent
1.2 kgw/em™, The straight line's equation {s as follows:~

dx
15.0 ( xa-l.Z ) o= - e (09
where x =eans the residual pressure of the hydrcgen tank, and x, means total
reaction prassure.
iv) Aczivazisn Znergy of Inizial Dechlorination Reaction

The inizisl hydrogen consumption rate R (equivalent te the dechlorination
rzate) is written as Zollows:
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dx
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_—xhere k cotrtapandscto the gradient of zhe slope 33 shown in Fig. 3. The k-
- ) ues ag 100°G, 50°C and 70°C, under 1.00 kgw/cm® of hydrogen partial
©. Jeessure, ware studied, which gave the Arrheaius Plot shown in Fig. 4. From
this gradient, the overall activacion energy of the reaction was determined
to be 5.5 keal/mol.  This degree of energy corresponds to the energy barrier
of inter=olecular force, more or less at the lavel of van der Waal's Force.
From this resuls, the initial reaction rate is seen to be under the control
of Henry's Law, as shown {n Fig. 3, and therefora it can be inferred that

the rate~derarninad stap of the hydrogenacion-dechlorination of PC3 is the
dissolving of hydrogen incto tha reaction solvent and its diffusion into the
catalyset, \

v) Puriey of Cruda Crystal 3iphenyl Produced by Pd-C Catalyst

5 The biphenvl produced was cooled in the solution in situ ac a race of

307C per wour; flaky biphenyl crystals were deposited. The catalyst had been
“filtered from the solution before it cooled, The depositc was filcered using
e suction filcer with ordinary filter paper, and dried in {ts crude state,
without any purificarion. Crystal recovery was found to be more than 99.5%,
and the residual Siphenyl in the solution (35ml) amounted to less than 20mg.
The crude crystal was analyzed by an ECD-gas chromatograph and found to be
99.902 pure.
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Tig. 1: =edn cnsumption rate of constcant near-normal pressure
zvdreganacio I 773 KC-400 by means of Pd~C Catalyst., Yumbers represent
total pressure (wvirvcgen partial pressure in brackets).

RN | TEMPTOTALMESS | TIME |HYORO |DECHLOA BIPWE ZCYCLOIRESIC
Ne. T {(KPART FRESS) GEN RN, [NYL g H °
i 100 Y s.uof::=‘li min % % i % 7'7- 235 %

m oo f = 20| a2 R 9.

m o | (?':g) 120 | 97.08 | 9854 | 87.03 | .00 | 481 | ok

m | 1o (;';:) 120 | 9366 | 938 | 8.2 | a8 | %79 | sanm
1.53

= | 90 ( (1.09) ; 90 | 95.01 | 9s.38 | 8540 | 1.37 231 | 9188

as |10 | Fon |iso | ssas| sss | s ooas | nn | osso
(1.

%3 | 50 (H:) 185 | 98.21 | saas | s9.21] 007 | S99 | gs.ao

o l 50 i ,?;; 160 | 95.35 | 94.02 | 90.89 | 042 | A31 | gs.u2

Table 1: Marerizl zlznece of constant near-normal pressyre hydrogenation
of XC-400 5y mezns ¢f Pd-C Catalyst.
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Tig. 4: Arrhenius Plot of ccngtan:onur-nomal pressure hydro-
geaazizn af XC-409 betwsen 707-100" C under hydrogen partial
sressure of 1.00 kgw/ca®,
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