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A Method for Studying Catalytic Hydrogenation of Aqueous
Cinnamaldehyde over Platinum and Nickel Wire

Prevention of ecatalyst poizoning is a
general problem in the hydrogenation of
aldehydes in aqueous solution over nickel
and platinum catalysts, apparently, because
of the accompanying formation of poly-
meric products that are strongly adsorbed
on the catalyst surface. To measure this
type of catalyst poisoning and to learn how
to regenerate used nickel and platinum
catalysts in aqueous medium, the hydro-
genation of ecinnamaldehyde (B-phenyl-
acrolein) was employed as a convenient
test reaction. This aldehyde has an intense
absorption band at 2900 A that enables
measurement of the concentration changes
that occur during the catalytic hydrogena-
tion of dilute aqueous solutions {10-* to
10° M) at 25°C. Extremely low rates of
hydrogenation can, therefore, be deter-
mined—even as low as those oceurring over
massive platinum or nickel wire. Use of a
catalytic metal in the form of wire rather
than in the form of a dispersion on a porous
support enables rapid changes in catalyst
treatment, and precludes diffusion limita-
tions.

The high intensity of the 2900-A band in
cinnamaldehyde arises because of conjuga-~

tion of the phenyl vinyl, and carbonyl
groups in this molecule. Hydrogenation of
the carbonyl group to form cinnamyl alco-
hol would shift the above band to 2500 A
but this did not occur. The other probable
hydrogenation products, 3-phenyl-1-pro-
panol and 3-phenyl-1-propancl, have maxi-
mum absorptivities one-hundredth of that
for cinnamaldehyde, so these products are
not detected. However, since former studies
of the catalytic hydrogenation of a conju-
gated aldehyde (acrolein) have shown that
initial attack oceurs at the carbon-carbon
double hond during hydrogenation over
nickel (7) and platinum (2), it is likely
that cinnamaldehyde is hydrogenated to
3-phenyl-1-propanal in all the following
experiments.

An all-glass flow apparatus was devised
that would enable measurement of the ex-
tent of conversion of cinnamaldehyde (10
M) as the aqueous solution was passed
over platinum wire at a constant rate (0.2
ml/sec) at 25°C. The solution was satu-
rated with hydrogen at atmospheric pres-
sure (the solubility of hydrogen is sufficient
to give 10 moles of hydrogen per mole of
cinnamaldehyde}, then passed through the
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catalyst bed into a quartz absorption cell
mn a Cary spectrophotometer. When it was
so desired, the flow of cinnamaldehyde
solution could be stopped, and another so-
lution (poison or regenerant) passed over
the catalyst. A satisfactory level of con-
version, in the range 60% to 90%, could
be attained by means of disks of platinum
gauze (45 mesh) having a total surface
area of 140 cm?.

The effects of successive pretreatments
on platinum catalyst are shown in Table 1.

TABLE 1
Po1soNING AND REGENERATION OF PrLaTINUM
CaTaLysT™ rOR CINNAMALDEHYDE
HyprogeENAaTION AT 25°C

Decay
time

Pretreatinent? (min) ¢
4.5%, H0, 62
Water 48
309% Aqueous a-hydroxyadipaldehyde 25
4.5% H0, 73
4.5% H,0,, then cone. HNO; 75

@71 circles of 45-mesh platinum gauze, 1 cm in
diameter, surface area 140 em?2,

® 15-Minute duration at room temperature.

¢ Time for conversion to decrease to 509 of its
initial value.

After each pretreatment, a cinnamaldehyde
hydrogenation test was made. Even with
clean catalyst, the conversion gradually de-
creased due to poisoning during the cinna-
maldehyde hydrogenation. However, with
previously poisoned catalyst, the conver-
sion decreased faster. The table lists times
required for the conversion to fall to 50%
of ite initial value. We conclude that (1)
water washing does not restore activity
after cinnamaldehyde hydrogenation; (2)
e-hydroxyadipaldehyde poisons platinum;
(3) 45% hydrogen peroxide restores the
catalyst activity after poisoning with
a-hydroxyadipaldehyde; and (4) concen-
trated nitrie acid is no more effective as a
regenerant than 4.5% hydrogen peroxide.

From experiments of this kind, the effect
of pretreating platinum with a number of
substances was determined. It was found,
for example, that aqueous solutions of so-
dium sulfide and e-hydroxyadipaldehyde

NOTES

were strong poisons. Ethanol or 10% aque-
ous 1,2,6-hexanetriol did not act as poisons.
Platinum partially deactivated by hydro-
genation of hydroxyadipaldehyde could bhe
regenerated with 4.5% hydrogen peroxide,
concentrated nitric acid, 0.1 M potassium
persulfate, 0.01 M oxalic acid, or 0.1 M
maleic acid. The latter two reagents re-
stored the catalyst to better than the origi-
nal condition.

Experiments with nickel catalysts were
made in a static system, consisting of a
magnetically stirred solution through which
hydrogen was bubbled at atmospheric
pressure. The catalyst was 50-mesh nickel
gauze having a geometric surface area of
12.4 cm? Hydrogenation of 10-* M cinna-
maldehyde was again monitored spectro-
photometrically as a function of time.

Initial tests showed that the nickel cata-
lyst was inactive immediately after treat-
ment with 4.5% hydrogen peroxide. How-
ever, hydrogenation slowly set in over a
1-hr period. It thus appeared that hydrogen
in solution at room temperature was able
to remove an inhibiting oxygen film formed
on the nickel surface by exposure to hydro-
gen peroxide. Next, it was found that treat-
ment of the catalyst with concentrated
ammonium hydroxide after the hydrogen
peroxide treatment greatly shortened the
induction period in the hydrogenation.
Finally, it was found that if the hydrogen
peroxide and ammonium hydroxide treat-
ments were followed by exposure to hydro-
gen for 1.5 hr, the induction period in the
subsequent hydrogenation test was com-
pletely eliminated.
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