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Catalytic hydrogenation of 40% aqueous solution®-glucose top-glucitol was studied in a high-
pressure trickle-bed reactor. The reactions were performed on a supported nickel catalyst at te
tures ranging from 115 to 16% and in the pressure range 0.5 to 10 MPa. The order of the rea
with respect to hydrogen is 0.65 and apparent activation energy 23.8-48.5kJthmllatter de-
pending on initial molar glucose concentration and density and viscosity of the solution. Tt
fluence of external diffusion is necessary to take into account for scaling-up the process.
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D-Glucitol (D-Sorbitol) has a variety of applications in pharmaceutics, cosmetics
textile and pulp industry, from the synthesis of vitamin C to food products. Its e
and derivatives are used in plasticizers, emulsifiers and detergents. Production of
tol is mainly based on glucose hydrogenation on Raney Aiélkelbatch stirred tank
reactors or continuous bubbled towers followed by catalyst separation and ic
change purification. Ruthenium appears as a new promising catalyst studied bot
ported on carriérand in a form of homogeneous phosphine contpl&ke usé®’ of
trickle-bed reactor with supported metal catalyst allows to eliminate catalyst sepa
and to improve the economy of the process.

The catalytic hydrogenation of glucose to glucitol is an exothermic rea¢iBf,g =
—57.36 kJ mott), which proceeds according to the Ed. (
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The back reaction, dehydrogenation of sorbitol, can be neglected due to high hy
nation equilibrium constant, amounting 470 at 280 Undesirable side and consec
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tive reactions like isomerizatiérof b-glucose tob-galactose and hydrogenolysisf
glucitol to glycerol and propylene glycol play an important role outside of the temj
ture range used. The kinefic¥ of hydrogenation on Raney nickel have been stuc
in detail. The reaction is first order with respect to glucose and its order with resp
hydrogen ranges from 0.5 to 1.

The aim of the work was to test feasibility mfglucose hydrogenation on comme
cial supported nickel catalysts in continuous trickle-bed reactor. The influence of
tion conditions and glucose solution properties on the rate of glucose conversio
investigated.

EXPERIMENTAL

The hydrogenation catalyst used was nickel on kieselgur (12% NiO, 2@&)CGZherox 37-03, Che-
mopetrol Group, a.s., Litvinov, Czech Republic, its originat 8 mm pellets were crushed to siz
2-3 mm. Two pretreatment methods were used; (i) the reduced and stabilized form of the c
was reactivated with hydrogen in the reactor at 175°20fr 3 h at space velocity 500 {catalyst a),
and (ii) the catalyst was calcinated for two hours at 42@nd after that it was reduced for 12 h
370°C and of hydrogen space velocity 50¢ (tatalyst b).

The hydrogenated aqueous solutions of glucose containedo4fléeose (1), 40%p-glucose and
15% p-glucitol (1), or 40%pb-glucose and 27%-glucitol (llI).

The experiments were carried out in a trickle-bed micropilot reactor which consisted of a 54
long stainless steel tube with an inner diameter of 30 mm. The volume of the catalyst bed, whi
located in the middle zone of the isothermal region, was 200 ml. The reactor was equipped
thermocouple probe in the axis of the bed and an electronically controlled heating jacket. Hyc
was fed from a gas cylinder and depressurized gas flow was set up at. Ahtaqueous solution
of glucose was fed with a high pressure pump (50-4007®ltb a preheater and mixed with hy
drogen at the inlet of the reactor. At the outlet of the reactor, liquid and gas flows were coole
separated in the phase separator.

0.2 0.4 W/E 0.6

Fe. 1
Mean reaction rate (mmol gt h™) versusresidence timeN/F (h g mIY) at various temperatures
(0) 115°C, (&) 130°C, (o) 145°C, (m) 165°C, solution I, catalyst a
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Determination of glucose in reaction mixtures was performed by spectrophotometry at 520 nrr
an alkaline solution of 3,5-dinitrosalicylic acid. The recommended concentration range is 0.05=9.6
glucose. The soluble nickel was determined as a red complex with diacetyl dioxime.

RESULTS AND DISCUSSION

In the trickle-bed reactor, kinetic experiments can be influenced by internal and
nal diffusion, inside and outside the particle of the catalyst. The internal diffusion
tation is generally accepted in reactor packed by pellets of porous catalyst. On the
hand, elimination of influence of external diffusion on kinetic results is necessar
the kinetic regime, the rate of glucose hydrogenation is independent of the resi
time of the liquid in the bed. In Fig. 1 is shown the mean reactiovsagsidence time
dependence in the catalyst bed for various temperatures. The range of experi
conditions for kinetic measurements was found for space hour velocities of the |
ranging from 1 to 2, and at temperatures from 115 to°@65herefore, further evalu-
ation of kinetic parameters was carried out in this region.

The effect of partial pressure of hydrogen on the rate of glucose hydrogenat
presented in Fig. 2. The publisfetfreaction orders with respect to hydrogen part
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Effect of partial pressure of hydrogpn2 on the hydrogenation rate of glucasdiquid feed 0.4 | i,
145 °C, solution I, catalyst a
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pressure range from 0.5 to 1. In the presented experiments the straight line follo
rate order of 0.65. pH value of the resulting reaction mixture was between of 3.9 an(
From the mean reaction rates measured at 115*168nder 10 MPa of total pressur
and the feed of 400 mih the apparent activation energy was obtained.
The values for three glucose solutions and two catalyst pretreatment metho
presented in Table I. The catalyst a with pretreatment according to (i) exhibited
activity; in addition, the activation energy is almost half of that for the catalyst b
treated according to (ii). Therefore, the reaction rate was probably influenced by
nal mass transfer limitations.
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Nickel leakage at various liquid feeds: 50, 0 100, e 250,00 400 ml W, solution I, catalyst b
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Thus, external diffusion was responsible for different effects of residence tim
glucose conversion for solutions with different water contents (see Fig. 3). The inc
in density and especially in viscosity due to the sorbitol content shifted the ree
conditions to the diffusion region. The course of conversion of both sorbitol solu
was hardly to distinguish, so the decrease in activity may have been caused by ¢
sorption.

The main problem of long-term utilisation of the supported catalyst is the leaka
active metal, which follows in decreasing of catalyst activity. In Fig. 4, the depenc
of the nickel content in the reaction mixture on temperature is presented for ve
liquid feeds. It can be concluded that the metal content depends mainly on the res
time proportional to the reciprocal liquid feed and influence of temperature is not
important.

The commercially stabilized catalyst of the type a exhibited somewhat higher activ
comparison to the laboratory b type, probably due to possible metal sintration c
laboratory catalyst reduction; on the other hand, the higher activity shifts the re:
to the diffusion-limited region.

CONCLUSIONS

Hydrogenation of glucose can be performed continually with more than 98% co
sion in a trickle-bed reactor with the fixed bed of supported nickel catalyst. The
tion is first order with respect to glucose and of the order of 0.65 with respe
hydrogen. Nevertheless, the kinetic data obtained at conditions unaffected by in
and/or external diffusion can be misleading for scaling up the process. The real g
hydrogenation proceeds under strong diffusion limitations due to high substrate cc
trations, viscosity of solutions, temperature and pressure, and therefore the p
must be investigated under these conditions.

SYMBOLS

concentration, mgt
activation energy, J mdi
liquid feed, ml it
pressure, MPa

reaction rate, mmolgth?
temperature, K

weight of catalyst, g
glucose conversion, %

xg-H4~-oTmMmo
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