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Activated carbon and alumina catalysts were prepared by impregnation with solutions of platinum 
compounds differing substantially in the nature of their interaction with the supports: chloro­
platinic acid (dissolved in water or acetone), tetraammineplatinum dichloride, and tetrakis (tri­
phenylphosphine)platinum complex. The relations between the course of impregnation, distri­
bution of platinum across the catalyst grain, and the activity of the catalyst in liquid phase hydro­
genations were studied. Lower adsorption rates and amounts of the platinum compound ad­
sorbed on the support bring about a more uniform platinum distribution across the grain. Catal­
ysts with a uniform distribution exhibit higher activities than those with nonuniform distribution. 
The highest activity was achieved with Pt/alumina catalysts prepared from triphenylphosphine 
platinum complex thermally treated in oxygen atmosphere prior to the reduction. 

The first stage of preparation of supported catalysts, viz_ impregnation of the support with 
a solution of a compound of the metal of interest, plays an important part in the formation of 
the catalyst properties. Catalysts with desired properties (distribution and dispersity of the metal, 
catalyst activity) can be obtained by choosing a suitable system support-compound of the active 
component-impregnating medium. Among the most significant parameters of the preparation 
procedures for supported catalysts are the starting compound of the metal and the type of the 
Support. 

For platinum support catalysts, chloroplatinic acid is most frequently used as the active com­
ponent1 ,2; organic complexes of platinum have also been employed3 - 5 _ Whereas the interaction 
of inorganic platinum compounds with the support is by nature a more or less strong adsorption, 
some organic complexes of platinum react with a functional group of the support to form chemical 
bonds, whereupon a virtually molecular distribution of the active component establishes over the 
surface, and a highly disperse catalyst can be obtained after the reduction. 

This way of preparation has been applied particularly to oxide supports (AI 2 0 3, Si0 2 ), 

involving surface hydroxy groups3 - 5. Regarding the occurrence of various oxygen-containing 
groups formed on the surface of activated carbons during the activation, a similar mechanism 
of surface reaction is conceivable for this type of support as welI

6
. 
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The aim of the present work was to examine to which extent the properties of Pt fC 
and Ptf Al z0 3 hydrogenation catalysts can be influenced by the choice of the starting 
platinum compound and the support. The compounds used for the study were hex a­
chloroplatinic (IV) acid, tetraammineplatinum dichloride [Pt(NH3)4]Clz (a cationic 
complex), and tetrakis (triphenylphosphine) platinum, Pt[P(C6H s)3]4 (an organo­
complex compound), hence platinum compounds whose properties, with respect to 
the impregnation, are substantially different. 

EXPERIMENTAL 

Chemicals. Activated carbon (Supersorbon HS-3, Degussa, FRO), cylindric particles 6 mm 
long, mean diameter 4 mm. y-Alumina (Condea, Pural S, FRO), cylindric particles 8·S mm long, 
mean diameter 1·8 mm. Ethanol (denatured with 2% petrol, Spojene lihovary, Prague) was 
rectified prior to use; b.t. 78°C/98'1 kPa . 1-0ctene p . (Koch-Licht, Coin brook, England) was 
distilled prior to use; b.t . 119°C/98'1 kPa. Nitrobenzene p. (Lachema-Chemapol, Prague) was 
distilled prior to use; b.t. 91 °C/I' 33 kPa. Hexachloroplatinic acid p.a. (Safina, Vestec). Potassium 
carbonate p., potassium hydroxide p.a., aqueous ammonia p.a., triphenylphosphine p., potassium 
bromate p.a., hydrochloric acid p.a., sulphuric acid p. , methanol p.a., benzene p.a., acetone p.a. 
(all Lachema, Bmo), potas,ium oxalate p.a. (Merck, Darmstadt, FRO), hydrogen peroxide p.a. 
(Chemicke zavody, Sokolov), 2-mercaptobenzthiazole p.a. (Loba-Chemie, Austria). 

Synthesis a/platinum COll/pol/nds. Of the platinum compounds used for the preparation of the 
catalysts, viz. chloroplatinic acid, tetraammineplatinum dichloride, and tetrakis (triphenyl­
phosphine)platinum, only chloroplatinic acid is being produced on a commercial scale in Czecho­
slovakia; therefore, this compound served as the starting substance for the synthesis of the two 
other substances. An intermediate in their preparation is dipotassium tetrachloroplatinate (fI), 
K 2PtC14' obtained by neutralization of chloroplatinic(IV) acid with potassium carb.o~ate followed 
by reduction with potassium oxalate7

. Tetraammineplatinum dichloride then was prepared by 
reacting K zPtCl4 with ammonia8

. Triphenylphosphine platinum complex was obtained by 
reacting triphenylphosphine with K 2 PtCl4 in an alcoholic solution of KOH (ref. s ); the complex 
was dried in vacuum and stored under nitrogen. The two complexes were identified by means of 
the infrared spectra. 

Preparation a/the catalysts. The supports were evacuated at 100°C for 4 h, boiled for 1 h in the 
corresponding solvent, and impregnated in a stationary bed9 with a circulating aqueous or 
acetone solution of H zPtCI 6 , aqueous solution of [Pt(NH3)41CI2' or benzene solution of Pt[P . 
. (C6Hsh14; the initial platinum concentration in the saturating solutions was invariably 3·8 gil. 

The long-term impregnation of the supports with the phosphine complex of platinum was 
conducted in nitrogen atmosphere. In order to free the material from the weakly sorbed forms 
of the platinum compounds, the impregnated supports were purged with the pure solvent. 
Particles of the impregnated and dried support were calcinated in a nitrogen stream and then 
reduced with hydrogen at 100, 200, or 300°C. After the reduction, the catalyst was passivated 
in a nitrogen stream at ambient temperature10• The catalysts prepared from the phosphine com­
plex were thermally treated in oxygen atmosphere prior to the reduction to ensure a perfect 
decomposition of the complexs . 

Evaluation 0/ the catalyst properties. The total concentration of platinum in the catalyst was 
determined gravimetrically after dissolving the sample in a HCI + H 20z mixture. In the case 
of the Pt/C catalysts the support was ashed before the decompositionll . The radial platinum 
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distr ibutio n profi les across the catalyst grain and the Pj Pt concen t ra tions were measured by 

employ ing the elect ron mic roana lysis tcchniquc2 . The acti vity of t hc cata lysts was a ppra iscd 

based on the initi a l rates of liquid phase hydrogcnations of nitmbenzcne a nd I-octcn.:, mcasured 
ill a balc h isothcrmal perfectly stirred r.:acto r at 25 ·C and a tmospheric press urc. 

/)(!terlll illafioll of the COl/ cel/trariol/ of the platil/ l1l11 COII /PO/lllel iI/ the illlpre{Jl/a til/g soilitiol/ . The 
conce n tra tion of e hloroplatinie ac id in the impregnating so luti on was measured colorimetr ica lly9. 

Pla t inul11 in the let raa llllllinepl a tinul11 dichlorde solu t ion was determined titrimctriea lly by 

a met ho d based on the oxida tion of the bivalent pla tinum by potassium bromate in ac id soluti o n 

using methyl orange as indicator t2 In the tetrakis (tri phenylphosp hi ne) platinum so lut ions, 

plati llum was not determined . 

RESULTS AND DISCUSSION 

During the contact of a grain or the porous support with the saturat ing so lutio n, the 

compound of the active component di ffuses into th e pores. According to its nature, 

the meta l compound e ither is m ore or less stro ngly so rbed o n the suppo rt , or reacts 
chemically with some functional group on the grain surface. 1n case that the reaction 

is adsorption, the di stribu t ion of the metal within the gra in depend s 011 the ex tent to 

which the competitive sorption and di ffus ion of the so lven t ta ke place; moreover, 
the metal compound is bonded in a nonspecific manner givi ng rise to agglo Illel ates 

with di ffe ren t numbers of molecules, from wh ich crysta ll ites of the metal al'e formed on 

the heat treatment and reduction . Thus the di spersity of the metal within the cata lyst 
and, thereby, the catalyst activity depend above a ll upon the metal distribution profile 

across the catalyst grain. 
If the interacti on of the active component with the support has the character of 

a chemical reaction , a mono molecular di stribution o f the metal compound establishes 

over the support surface; the compound then is decomposed on the heat treatment 
and reduction , so that ideally a dispersity of unity is attained, i. e., each of the metal 

atoms is a surface a tom. 
1n this work the starting platinum su bstances we re therefo re chosen so that, 

accordi ng to published data, adsorption (H 2 PtCI 6 ) as well as surface chemical reac­

tions ([Pt(NH3)4]CI2 , Pt[P(6H 5)3] 4) was in vo lved . The phosphine complex was 
chosen with regard to the fact that, unlike o ther organocomplexes of platinum used 

for such purposes, it is sufficient ly steady over the time typically required for the 

impregnation. 

I mpregnation of the supports . The course of impregnation of the supports (Fig. 1) 

\Vas evaluated in terms of the dependence of the pla tinum concentration in the satu­

rati ng solution on the square root of the saturation period , per unit size of the support 

grain (the supports used differed in the gtain size). The maximum amount of platinum 
sorbed on the support was determined from the segments of the adsorption isotherms 

corresponding to the saturated state (Fig. 2). For the sake of completeness, the results 

for the impregnation of activated carbon with chloroplatinic acid, although published 
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previously2, are included in this paper too. Since for the solutions of triphenylphos­
phine platinum complex, reproducible results could not be obtained by the available 
analytical methods (gravimetric analysis, atomic absorption spectrometry), only the 
experimentally established concentrations of platinum in the catalyst are given in 
Table I. 

The triphenylphosphine complex and, particularly, tetraammineplatinum dichloride 
are seen to bond onto the two supports to a considerably lower extent than chloro­
platinic acid. For a comparison of the platinum concentration calculated from the 
course of the impregnation (c i ) with the analytically determined concentration insid e 
the catalyst (cPt) it can be inferred that a great part oftetraammineplatinum dichloride 
is bonded to the support in so weak a way that it is desorbed on washing the support 
with the pure solvent. Chloroplatinic acid, on the othel hand, is bonded very strongly 
and cannot be desorbed to an appreciable extent. As follows from the literature 13 , 

platinum complexes with a square planar arrangement (such as the [Pt(NH3)4]2 + 

cation) display a lower adsorbing ability than those with an octahedral structure 

'c 

o 40 100 

FIG. 1 

Time course of impregnation of activated 
and y-alumina with platinum compounds. 
1 Activated carbon-H2PtCl6 (water); 2 
activated carbon-H2PtCl6 (acetone); 3 alu­
mina-H2PtCI6 (acetone); 4 alumina-H2PtCl6 
(water); 5 alumina-[Pt(NH3)4ICI2; 6 acti­
vated carbon-[Pt(NH3)41CI2 

03.----.-------,.----.-----. 

20 c. 40 

FIG. 2 

Adsorption isotherms of platinum com· 
pounds on activated carbon and on alumina. 
1 Activated carbon-H2 PtCl6 (water); 2 
activated carbon-H2PtCl6 (acetone); 3 alu· 
mina-H2PtCl6 (acetone); 4 alumina-H2PtCl 6 

(water); 5 alumina-[Pt(NH3)41CI2; 6 act i­
vated carbon- [Pt(NH3)41CI2 
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the [PtCI6]2- anion). In the case of carbon suppon s14, moreover, their acti ve centres 

a re eported to ha ve electron accepting properti es, which a lso accounts for the con­
siderably lower adsorption of the [Pt(NH 3 )4] 2+ cation as compared with the 
[PtCI 6 Y - anion. 

It has been found previously 2.9 that if nonaqueos solvent s (alcohols, ketones) are 

used for chloroplatinic acid in the impregna ti o n of activated carbon the a mount of 

chloroplatinic acid sorbed on the supports drops appreciably (Figs I , 2) ; this fact has 
been explained in terms of the higher ability of orga nic so lve nts to compete wi th 

chloroplatinic acid in the adsorption on act iva ted carbon. 

The present results indicate that in the impregnatio n of alumina the effect of the 

solvent of chloroplatinic acid is opposite to that encounterd in the case of act iva ted 

carbon, water as the solvent suppressing considerably, in co mparison with aceto ne , 
the adsorption of chloroplatinic acid on a lumina (Figs 1,2). Similarly as in the above 

case, this fact can be discussed in terms of the competitive so rption of the components 

in the system H zPtCI6-solvent- support. Water sorbs on the hydrophilic a lumina to 
a higher degree than on the hydrophobic carbon , thu s competing with the acid in the 

TABLE I 

Impregnation time f , concentratio n of pla tinum in the catalyst ca lcu lated after the impregna tion 
c j and experimentally determined in the ready catalyst c Pt> and max imum a dsorbed amount 

of platinum per unit weight of support am", 

Compound 

H 2 PtCI 6 (wa ter) 
H 2 PtCI 6 (acetone) 

[Pt(NH 3)4ICI2 

Pt[P(C6 H sh I4 

H zPtCI6 (water) 
H 2 PtCI 6 (acetone) 

[Pt(NH3)4ICI 2 

Pt[P(C6 H sh 14 

Impregna tion 
time f 

Activa ted carbon 

6 
80 

Alumina 

80 

Collection Czechoslovak Chern. Commun. [Vol. 48J [1983J 

Co ncentra ti o n 
of PI 

% % 

5·00 4'98 
3·90 3·72 
0·62 0·38 

0·95 
\ ·07 

3·20 3'18 
4-31 4·22 
1· 10 0·19 

1-08 
1·70 

a r.1 ~IX 
gig 

0·22 
0·12 
0·022 

0'06 
0·13 
0·053 
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sorption; and the reverse is true of the low-polar acetone. Consequences of the COI11-

petiti ve sorption of the solvent and the solute are to besought also in the establishment 

of the concentration gradient of the active component inside the support grain. 

Distribution or p/UtillUI11 across the catalyst grain. Generally, any interventi o n 
into the impregnating system that accelerates the diffusion or lowers the adsorpti o n 

of the compound of the active component on the support results in a more uniform 

disll ibulion of the metal. The concentratio n profiles of platinum across the grains 

of the PI/activated carbon and Pt/alumina catalysts are shown in Figs 3 and 4. Thc 
uniformily of the platinum distribution within the grain was found to increase with 

decreasing sorbed am ount of the platinum compound, hence in the order H 2PtCl 6 

(water) < 1-l 2PtC1 6 (acetone) ~ Pt[P(C6 H s)3]4 ~ [Pt(NH 3)4]Cl z for activated car­

bon, and H zPtCI 6 (acetone) < H zPtClr, (water) ~ Pt[P(C6 H s)3]4 ~ [Pt(NH 3)4]CI 2 

for alumina . 

rtJ Al 20 J catalysts prepared from tetraammineplatinum dichloride contained 
platinum in a very low concentration (0'2%), which was at the limit of resolution by 

the electron microanalysis meth od , so that the platinum concentration profile could 

not be plott ed reliably en ough ; on the other hand, this gives evidence that the meta l 
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I 
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I I 
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1
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~ 
I 

c i 

r 
J 

04 
rlR 

10 

FlO. 

Concentration profiles of platinum througl 
gra ins of Pt /activated carbon catalyst. 
r/ R ~-~ 0: grain centre, r/ R = 1: grain edge; 
1 H 2 PtCl 6 (water); 2 H zPtCl6 (acetone); 
3 Pt[P(C6H s)J4; 4 [Pt(NH 3)4]C12 

04 r/ R 10 

Fro. 

Concentration profiles of platinum througl 
grains of Pt /alumina catalyst. ,./ R = 0: grain 
centre, r/ R = 1: grain edge; 1 H2 PtCI. , 
(acetone) 2 H 2PtCl 6 (water); 3 Pt[P. 
. (C6 H sh 14' 6 h impregnation; Pt[ P 
. (C6 H s)314' 80 h impregnation 
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was not adsorbed on a local part of the grain cross section, but was evenly distribut ed 
across the grain. 

When alumina was impregnated with chl oroplat inic acid in aqueo us so lu tio n, 
a uniform di stribution of platinum within the gra in was obtained , whereas with 
ace tone as solvent the distribution was non uniform . T his fact, agai n, is contrary to 
the case of activated carbon, thus supporting the concept of the difTcrent competiti ve 
sorption of water and acetone in the im~'egn a ti o n of alumina and of ac ti va ted ca rbon 
wi th chloroplatinic acid, as discussed above. 

Acti vit y of the ca ta lysts. There are two ways in which the properties of the plclli­
nllm compound used for the impregnat ion affect the catalyst activity. Acco rd ing to 
the extent to which the compou nd is adsorbed (as cha racteri zed , e.g., by the adsorbed 
amount), catalysts with surface or uni fo rm d istr ibution of the meta l through the 
grain ca n be prepared. The shape of the distribution profile th en plays a n important 
part in the attaining of a certain level of dispersit y and, consequently, cata lyst act iv­
it y2 . If during the impregnation th e platinum co mpoun d bond s to so me functional 

T ABLE II 

Activit y of the catalyst s, pcr unil amoun t of p la tinulll , ill hydroge na tions o f J -oc tc ne a nd nitro -

be nzene 
- - ---------- -

Ca ta lys t act ivity, mmol'H l /gpl s, in 

Platinum 
Reduction the h yd rogena tion 

tempera ture -
compound 

°C 
ortene ni trobenzene 

---" ..... -- ___ 0 __ -

PI IC Pt / A l1 0 3 Pt l C Pt / AllO, 
- ... -.--.--~--~ 

HzPtCI (j (wa ter) JOO 39 6-9 2A 5·5 

200 I (i 7-1 16 8-2 

300 09 7 9 2- 2 6-9 

H 2 PtCI 6 (acetone) 100 5-4 44 2-9 5-4 

200 4- 1 5-2 2-7 6-2 

300 4-2 5-8 2-8 5-4 

[Pt(NH3)41CI 2 100 4-1 4-4 2-4 5-6 

200 3-1 5-0 3-3 8- 5 

300 2-7 8-3 2-7 9 -3 

Pt[P(CoH sh 14 200" 1-4 2-9 

300" 0 3-4 4 -9 

300b 2-4 3-5 2-4 4-2 

-------
Impregnation period: a 6 h; b 80 h _ 
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groups of the support by interaction of chemical nature, molecular distribution of 
the compound over the support surface takes place and a catalyst with a high activity 
emerges. 

The supports impregnated by the platinum compounds in question were reduced 
at temperatures of 100, 200, or 300°C. The catalyst activities found in hydrogenations 
of octene and nitrobenzene are given in Table II. Catalysts, of both types, with 

TAIlLE III 

Ca ta lyst activity in hydrogenations of octene and nitrobenzene for catalysts prepared from tri­
phenylphospi ne platinum complex, per unit a mount of platinum 

Time of Temperature Catalyst act ivity, 

Support 
oxygen of oxygen mmol Hz lgpl s 

treatment treatment ~ -----.--------~ 

nc octene nitroben zene 
- . --.-------------~--~--

Activated Oil 0 
carbon 9" 200 2-4 1·9 

0" 2-4 2·0 
91> 200 2·7 2·2 

Alumina Oil 3-4 4·9 
9" 300 6·9 7·5 
Oh. e 3'5 4·2 
9b•d 300 102 11·7 

(I impregnation period 6 h; b impregnation period 80 h; C PIPt = 0'5 (content of P measured by 
eleciron analysis); d PIPt = 0'6 (content of P measured by electron microanalysis). 

rj R 

FIG. 5 

Profiles of platinum a nd phosphorus signals. 
obtained by electron microanalysis , in PI : 
lactivated carbon catalyst prepared fro!11 
the triphenylphosphine complex and only 
reduced at 300°C. rl R = 0: grain centre. 
rlR = 1: grain edge; 1 Pt; 2 P 
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a uniform distribution of platinum exhibit a higher activity. The PI /alumina catalysts 
were invariably found more active than the Pt/activated carbon catalysts. As follows 
from Table 1I, catalysts prepared by using triphenylphosphine platinulll complex 
in the given conditions (applied in the preparation of catalysts from chloroplatinic 
acid 2

•
10

) show the lowest activity; a Pt /C catalyst obtained by a short-term impregna­
tion with the complex was even virtually inactive. The straightforward explanation 
of this fact is that the used conditions of reduction are not severe enough to bring 
about a complete decomposition of the phosphine complex. To verify this assumption, 
the concentration profiles within the grain were recorded for both platinum and 
phosphorus. A qualitative dependence of the X-ray intensities corresponding to the 
MiPt) and K,(P) lines on the radial coordinate of the catalyst grain, as viewed on 
the working CRT of the electron microscope, was shown in Fig. 5. An overlap of the 
two profiles is seen; hence, phosphorus occurs at platinum-containing sites. 

Triphenylphosphine complexes are reported s.1s to be highly stable in hydrogen, 
and only a long-term treatment under oxygen at temperatures above 200°C leads to 
their decomposition. In our previous work 16

, catalysts prepared from the phosph1l1e 
complex were subjected to heat treatment in oxygen atmosphere before the reduction. 
for the sake of completencess, selected conditions for the preparation of these 
catalysts and their properties are given in this paper in Table III. All of the catalysts 
listed were reduced in identical conditions at 300 °C. 

The maximum applicable temperature of the oxygen treatment of Pt/activated 
carbon catalysts was found to be 200°C; above this temperature the support is ignited. 
For Pt/alumina catalysts, a significant improvement of the catalyst activity could 
be achieved by prolonging the oxygen treatment period (Table JII). The explanation 
at hand, viz. that phosphorus (a catalyst poison) is removed from the catalyst, is 
unlikely as the P/pt ratio did not change appreciably. Probably the platinum complex 
decomposes but phosphorus remains bonded to the support in some way. 

The high activity of the Pt/alumina catalysts prepared from the phosphine complex 
can be ascribed to the chemical nature of the interaction between the complex and 
the alumina surface, as suggested recently for other organometallic compounds and 
supports 3 - S • Tetrakis(triphenylphosphine)platinum thus suggests potentials in the 
preparation of Pt/alumina catalysts by means of bonded organo-complex compounds; 
this substance is advantageous by its relative stability during the time requisite for 
the impregnation. On the other hand, the high temperature of the oxidation treatment 
and reduction by hydrogen, necessary for the conversion. is a serious drawback 
making the compound unsuitable for the preparation ofPt/activated carbon catalysts. 

LIST OF SYMBOLS 

a,nax maximum adsorbed amount of platinum per unit weight of support (g i g) 
OPt adsorbed amount of platinum per unit weight of support (g!g) 
A outer surface area of support grain (mm

2
) 
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C j concen tra ti on of platinum in catalyst calculated after the impregnation (%) 
CPt experimentally determined concentration of p latinum in the catalyst (%) 

C concentration of platinum in the impregnat ing solution (g/dm3 ) 

Co equilibrium concentration of platinum in soluti on (g /dm3 ) 

radial coordinate of support grain (mm) 
R equivalent radius of catalyst grain, Re ,= 3 VIA (mm) 

period of impregna tion (s) 
V volume of support grain (mm3

) 
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