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Active carbon (AC)-supported catalysts based on
noble metals or their complexes have been widely used
for industrial applications. Immobilised metal-complex
catalysts, as a rule, combine advantages of homogeneous
and heterogeneous catalysts [ 1,2].
Electrochemical, physical and chemical properties of
AC's play a very significant role in their widespread and
increasing use as adsorbents and catalysts supports [3].
This is specially important when the AC supported
catalysts are prepared by adsorption of metal ions from
liquid phases.
The objectives of present work are:
- creation of new method for preparation of ACpalladium catalysts which is based on the reductive
sorption processes (ability of AC's to reduce partly or
completely the noble metal ions adsorbed onto their
surface) [4];
preparation of palladium catalysts supported on
synthetic AC's for hydrogenation in solutions;
- determination of correlation between chemical state of
palladium on catalysts, porous structure of carriers and
activity of prepared catalysts in liquid-phase reactions of
phenylacetylene (PA) and butadiene-nitrile rubbers
(BNR) hydrogenation.

Model of Reductive Sorption

Experimental

In the system:
C/[PdLn] m , L, H + (OH), 02, H20

(1)

two cathode-bound reactions can occur on AC"
[MeLn] m + (n-m) e ~ Me°+ n L,

(2)

O 2 + 4 H + + 4 e --~2H20.

(3)

These reactions are conjugated to the oxidation of AC
matrix:
C + H20 ~ C(O) 4- 2H + + 2 e .

Reactions of the type (2) are thermodynamically
favourable in the system (1) provided their equilibrium
potential is more positive than the potential of the AC
surface: AE = E ([MeLn] m/Me")-E(AC) > 0.
Reaction (3) plays an important role in the system
(1) as it determinates the rate of the potential formation
on the surface of AC and its value [5,6].
In contact with solution, the potential of the AC
surface grows from the initial value to the stationary
value (Est). For each type of AC these potentials are
dependent on the pH of the solution; increase of pH
causes shift of the potentials to the negative side of the
scale. In course of the reaction (2) and (3) the Est of AC
surface changes in the wide range of values due to the
oxidation of the AC's surface by reaction (4). In the
presence of CI- anions palladium is reduced to the
metallic state and precipitated on the surface of AC. In
contrast, the potential of the oxidised AC surface
decreases in contact with the hydrochloric solution and
remains higher than the potential of the couple [PdCI4] 2"
/Pd °, which makes the reduction of palladium to the
metallic state thermodynamically unfavourable.
Stationary potential of Pd reduction from its complex
cation with anamonia is negative on the hydrogen scale
but Est of AC is positive in these conditions, therefore,
Pd cannot undergo electrochemical reduction on the AC
surface.

(4)
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Synthetic AC's prepared from polymer-pyrolysed
resin (carbons type SCN and SCS) and their oxidised
tbrms were used as catalyst carriers [7].The porous structure of the carriers was studied by mercury p0rosimetry
and nitrogen adsorption at 77 K. Application of palladium to AC's was carried out by adsorption from solutions: PdCI2 + HCI (pH =0-2), Pd(NO3)2 +HNO3 (pH= 1)
and from solutions of PdCle in aqueous ammonia
(pH= 10-I 1) at 25°C [2]. The valence state of Pd on the
carbon surface was determined by XPS method [5,6].
The activity of supported catalysts were studied in model
liquid-phase
reactions
of PA
and
BNR
[7]
hydrogenation.

Results
It was found that chemical state of palladium on
catalysts and porous structure of carriers are the main
factors for PA and BNR hydrogenation processes.
Using XPS method it was shown that at pH = 1-2 the
metallic phase of Pd was formed on the surface of AC
according to the reaction:
[PdCI4] 2- + 2 e --->Pd ° + 4 CI.

(5)

Palladium adsorbed by AC's from very strong
hydrochloric solution (pH=0) remained in the form of
surface complex. XPS spectra indicated the formation of
the metal-carbon bond between adsorbed Pd and the
surface of AC with simultaneous transfer of the electron
density from the AC surface to the palladium atoms
(formation of n-complex):
[PdCI4] 2 + (AC) ---> [PdCI2.(AC)] + 2 CI-.

The AC's metal-complex catalysts provide selective
hydrogenation of double bounds in BNR without
touching CN groups in the oligomers and carbonyl
groups of solvent. The degree of BNR hydrogenation
was changed from 15 to 98 % for different samples
under investigation. In the course of BNR hydrogenation
the catalysts activity decreases due to partial reduction of
palladium fixed on the carriers.
Activity of prepared catalysts is determined also by
porous structure of the carriers. It is notable that catalytic
activity of samples decreases symbatically with reduction
of volume of mesopores. This steric effect is quite
explicable if one takes into account that the size of a
BNR macromolecule (kinetic radius ca 20 nm) is
comparable to that of mesopores in the carriers (average
radius is 12 nm for SCS and 35 nm for SCN). Thus, by
varying porous structure of carbons, it is possible not
only to affect the observed reaction rate but also to
achieve degrees of BNR hydrogenation higher than 98 %.

(6)

Conclusions
On the oxidised AC's reaction (6) did not take place;
the XPS spectra confirmed that Pd was adsorbed onto its
surface as a complex Cl-containing anion. Adsorption of
Pd from the ammonia solutions was not followed by its
further reduction either on activated AC, or on the
oxidised ones. In these conditions Pd existed in the
cation complex form and it was adsorbed by the cationexchange mechanism.
In the case of adsorption from Pd(NO3)2 + HNO3
solutions the state of palladium on oxidized AC's
corresponds to a surface complexes of Pd(II) with
different degree of charge transfer from the carbon
matrix to palladium:
C--OOH

C--OO..
+ Pd 2 + ~

C--OOH

A method of preparation of Pd/AC catalysts by the
reductive adsorption was developed. The reductive
adsorption has an electrochemical nature and the
formation of the metallic phase occurs in some cases
during adsorption from liquid phase. Thus the further
stage of the thermal treatment of Pd-impregnated
catalysts in the reducing atmosphere was eliminated.
High catalytic activity and selectivity of prepared
Pd/AC catalysts were demonstrated for hydrogenation of
PA and double bonds in BNB.
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