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A Gradientless Reactor for Kinetic Studies of Catalytical Processes 
at High Temperatures

Reaktor bezgradientowy do badań kmetyki procesów katalitycznych 
w wysokich temperaturach

Безградиентный реактор для исследований кинетики каталитических процессов 
в высоких температурах

The gradientless technique for determining the rate of ca
talytical reaction has more and more pushed .out other tradi
tional methods for a longer time. To determine the reaction 
rate rotating reactors, in which the catalyst С1-5П is pla

ced, are most frequently used, as well as stirred gas reactors, 
where the catalyst is stationary [Ъ-loJ.

DETAILS OF THE REACTOR

Many catalytic reactions take place at temperatures within 
600-900°C. An example of such a process jis steam reforming of 

methane, to carry out such a reaction both on pellets 20x20 mm, 

or on very fine catalyst particles, a reactor with internal
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circulation has been constructed of acid - and heat - resist
ant! steel. The scheme of the. reactor is presented in Fig. 1.

Fig. 1. The scheme of the reactor: A - the power transmission 
system, D ~ the head of the reactor, 3. - rotating shaft, 2 - 
gas nozzle, 3 - thermocouple shield, 4 - catalyst bed, 5 - 
heating coils, ö - thermal insulation, 7 - duralism casing

This instrument consists of two parts; the power transmis
sion system denoted by symbol A, and the reactor itself deno

ted by letter D. The head of the reactor 100 mm in internal
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diameter has been designed in such a way that on its top wide 
part the chamber of the rotating shaft is located, in its 
bottom narrower part a heat-resistant wire' net with ■ meshes 

0.1 mm on which catalyst is held. In the middle of the 
reactor head under the rotating shaft, feed - gas tubes con
sisting of three parts are located. Its upper part has a co
nical shape and covers the rotating shaft up. The middle 
part forms the connecting piece between the conical element 
and the wire mesh with the catalyst and the lower part, which 
is affixed to the bottom of the reactor head and equipped 
with tubes allowing the gas to enter the centre of the agita
tor. Thé whole reactor head is placed in a furnace which con

sists of duralumin casing, asbestos lining and a heating ele
ment. The head with the furnace has been fitted to the power 
transmission part by means of six screws with nuts. Thightness 
between these elements has been obtained'by using a ballistic 
closing. To impet the reactor a triph'aser induction motor 
with 2870 rpm. 0,6 kVA, has been used. The motor base has 
been separated from the rotating shaft which has been closed 
in a pipe connected with the whole instrument. The coiling 
of the motor base has been cooled with air.

RESULTS AND DISCUSSION

In order to check the gradientlessness of the reactor,some 
tests were carried out. Temperature distribution wasjmeas- 
ured inside the reactor chamber in hydrogen and nitrogen at
mosphere, in the temperature range 330-850°C. The temperature 

profile in the vertical axis of the reactor chamber fob the 
temperatures chosen is presented in Fig. 2. It was found that 
maximal temperature difference in the reaction xone is about 
-2°C at the very beginning, and then a constant value is ob
tained on both sides of ths1wire mosh containing a catalyst. 
As standard of gradientlessness, a kinetic test was accepted, 
informing about the change in the reaction rate with that in 

the geometry of the catalyst bod.
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Fig. 2. The temperature profile in the vertical axis of the 
catalyst bed; 1 - 380°C; 2 - 560°C; 3 - 850°C ,

According to the theory, a gradientless reactor should, 
for a definite catalyst and reaction, at a given temperature 
and conversion degree, give the same reaction rate regardless 
of the catalyst weight, i.e. bed geometry. The test were car
ried out in two reactions: steam reforming of methane and 
methanation of carbon dioxide. In case of steam reforming 
of methane, the catalysts were reduced with hydrogen at 850°C 

for two hrs. Measurements of the reaction*rate  always started 
at the highest temperature. The initial ratio of CH^/HgO was 
1/3, The studies of carbon dioxide methanation were conduc
ted in the temperature range of 300-500°C, at a molar ratio 

of COg/Hg as 1/4. In both cases the following method was used. 
Temperature dependences of the reaction rate as a function of 
the degree of methane or carbon dioxide conversion were meas- - 
ured.|From the functions of reaction rate obtained from the 
degree of methane or carbon dioxide conversion at the given 
temperatures, temperature dependences of the reaction rate at 
a constant degree of methane or carbon dioxide conversion were 
plotted for (various catalyst weights. The way of calcula
ting the reaction çate and conversion degree of methane was
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described in the paper £sj. The reaction products were analy

zed chromatographically. For the measurements Ni/MgAl204 ca
talyst containing 8.6 % wgt of Ni, of total surface 1.4 n,2/9cat 
after reduction at 85O°C, was used as catalyst. The measure - 

ments of reaction rate were performed on 1.2-2.O mm grains. 
From the kinetic measurements carried out it can be seen 

that the change in the sample from 0.6980 to 2.5026 g does 
not change temperature dependence of the reaction rate of the 
methane steam reforming.

T (°C)

e-5 x-6 a-7
Fig. 3. The temperaturo dependence of the reaction rates of 
steam reforming of methane and methanation of carbon dioxide 
for the different catalyst bed geometry (XcH4 “ a>X^Og “ 
= 65 %) steam reforming of methane: 1 - 0.6980 g. 2 - 1.2233g, 
3 - 2.5026 g, methanation of CO2, 4 - 1.43431 g, 5 - 2.49680g, 

6 - 3.50319g, 7 - 5.05954g



174  Janusz Barcicki 1 wap.

An analogical situation was obtained in methanation of car
bon dioxide. In this case the changes in the height of the ca
talyst bed were still higher from 1.43431 to 3.5031 g. Measure
ments were also! carried out in this way that grains ofcÇ-AlgOj 
support of the same size were added, so that the total weight 
was 5.5954 g, which gave an about 10 mm thick layer of the ca
talyst bed.

As it appears from Fig. 3. the obtained results show a typi
cal dispersion caused only be inaccuracy in the measurements. 
It can be noted that in case of steam reforming of methane this 
dispersion is a little higher, because of considerably higher 
temperatures of the process. From the studies which were carried 
out in can be concluded, that the constructed reactor satisfies 
the conditions of gradientlessness, and the technique applied 
to test the reactor is generally available and it reveals the 
possibilités of this reactor. ' "

REFERENCES-

1. Tàjbl D. G., Simons □. B., Carberry 0. J.t Ind. Eng. Chem. 
Fund. 5, 171 (1966).

2. Carberry □. : Catal. Rev.: 3, 62 (1970).
3. Doraiswamy L. K., Tajbl D. G.“ Catal. Rev.-Sei. Eng., 10, 

177 (1974).
4. Perkowski □., Bereś Przem. Chem. 49, 602 (1970).
5. Tajbl D., G. : Ind. Eng. Chem. Proc. ariTJ Dev. 8, 364 (1969).
6. Weychert S., Trela M.: Przem. Chem. 47, 126 (Ï968).
7. Mahoney J. A.: □. Catal. 32, 247 (1973).
8. Barcicki Nazimek D., Üëmidziuk W., Frąk R. : In. Chem. 

Eng. 15, 159 (1975). .
9. Berty“U. M.: Chem. Eng. Progress. 70, 78 (1974).

10. Livbjerg H., Willadsen Chem. Eng. Sei. 26, 1945 (1971).

STRESZCZENIE

Opisano reaktor bezgradientowy z wewnętrzny cyrkulację ga
zów. Przedstawiono rozkład temperatur wewnątrz głowicy reakto
ra w atmosferze azotu i wodoru w zakresie temperatur 380-850°C.

Opracowano test reaktora polegający na pomiarach zależności 
szybkości reakcji od geometrii złoża katalizatora. Pomiary ki
netyczne przeprowadzono w dwu reakcjach: reformingu parowego 
metanu oraz metanizacji dwutlenku węgla. Badania wykazały, że 
opracowany reaktor całkowicie spełnia wymagania stawiane przez 
teorię i może być stosowany w szerokim zakresie temperatur oraz 
wymiarów ziarn katalizatora.
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Резюме

В данной работе описан безградиентный реактор с внутренней 
циркуляцией газов. Представлено разложение температур внутри 
головки реактора в атмосфере азота и водорода в пределе темпе
ратур 380-850°С. Обработано тест реактора, основанный на изме
рениях зависимости скорости реакции от геометрии загрузки ката
лизатора. Изменения проводились в двух реакциях: парового ре
форминга метана и метанирования углекислоты. Исследования пока
ли, что представленный реактор вполне исполняет теоретические 
требования и может быть применен в широком интервале температур 
а также размеров зерен катализатора.



ANNALES UNIVERSITATIS MARIAE CURIE-SKŁODOWSKA

Nakład 550+25 egz. Ark. wyd. 9, ark. druk. 12. Papier offset, kl. V, B5, 80 g. Oddano do wykonania 
w grudniu 1981 r., podpisano do druku i wydrukowano w październiku 1982 r. Cena 135,-

Tłoczono w Oficynie Drukarskiej UMCS w Lublinie, zam. 21/82, R-3



ANNALES
UNI VERSIT ATIS MARIAE C U R I E - S К Ł O D O W S К A 

LUBLIN—POLONIA
VOL. XXXV SECTIO AA . 1980

7. K. Sykut, T. Gę c a, J. Basak: Sprzężony amperostat-potencjostat z modu
łem programującym.
Coupled Amperostat-Potentiostat with a Digital-Analog Programming 
Device.

8. S. Przeszlakowski, J. Iwaniuk: Ekstrakcyjno-spektrofotometryczne 
oznaczanie miedzi w postaci kompleksu z LIX 34.
Extraction-Spectrophotometric Determination of Copper as Its Complex 
with LIX 34.

9. L. Pawłowski: Badania stopnia degradacji chemicznej i fizycznej jonitów 
przy zastosowaniu do ich regeneracji stężonych roztworów.
Investigations of the Chemical and Physical Ion Exchangers Degradation 
by Using Concentrated Solutions for Regeneration.

10. K. Woliński: Rachunek zaburzeń Hartree-Focka w skończenie wymiarowych 
bazach funkcyjnych. Część II. Konstrukcja i zastosowanie zmiennych 
baz funkcyjnych do obliczeń polaryzowalności dipolowych i kwadrupo- 
lowych.
The Hartree-Fock Perturbation Theory for Finite Dimensional Basis 
Sets. Part II. Construction and Application of the Variable Basis Sets 
in Calculations of Dipole and Quadrupole Polarizabilities.

11. L. Pawlowski, H. Wasąg: Urea Decomposition by Nitrites.
Rozkład mocznika za pomocą azotynów.

12. M. Dobosz: III. Reakcja soli aminoguanidyny z izotiocyjanomrówczanem 
etylu, izotiocyjanianem acetylu i benzoilu oraz z izocyjanianami.
III. Reaction of Aminoguanidine Salts with Carboethoxyl, Acethyl and 
Benzoyl Isothiocyanates and Isocyanate Esters.



Biblioteka Uniwersytetu 
MARII CURIE-SKŁODOWSKIEJ 

w Lublinie 

405^
CZASOPISMA

Adresse:

UNIWERSYTET MARII CURIE-SKŁODOWSKIEJ 
BIURO WYDAWNICTW 

Plac Marii
Curie-Skłodowskiej 5 20-031 LUBLIN POLOGNE

Cena zł 135.—


