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Applied Reaction Kinetics of Coal Hydrogenation
under High Pressure

Gen TAKEYA, Tadao IsHI and Yousuke MAEKAWA

Abstract

Coal hydrogenation is one of the most complex reaction systems, consisting of three
phases, i.e. pulverized coal phase, liquid vehicle phase, and gaseous hydrogen phase under
high pressure. .

In order to analyze the reactor for hydrogenation, numerical values of the reaction
rate and a detailed knowledge of the features of mixing in the reactor are required.

The purpose of this study is to obtain numerical values of the reaction rate covering a
wide range of reaction conditions which might possibly occur in the reactor, and to in-
vestigate factors affecting the reaction rate e.g. temperature, pressure and presence of vehicle.

Hydrogenation of two Hokkaido coals, Sumiyoshi coal (brown coal) and Yubari coal
(caking bituminous coal), was studied.

The reactor used in all the experiments to determine the reaction rates was an autoclave
(500 cc) of shaking type. The autoclave was charged with 10 grams of coal, 1 gram of red
mud catalyst, 0.1 gram of sulfer as a promoter, 15 grams of decrystallized anthracene oil
as the vehicle and about 100 kg/cm® of hydrogen for every experiment. After the prescribed
reaction temperature was reached, the fixed reaction temperature was maintained for a
prescribed interval and thereafter the contents of the autoclave were cooled down to room
temperature.

Of the reaction products, liquid and solid products were extracted with n-hexane and
benzene successively which resulted in the 3 fractions; n-hexane-soluble oil, benzene-soluble
and 7-hexane-insoluble material (asphalten) and organic benzene-insolubles (unreacted coal).

The rate of decrease of unreacted coal was taken as the rate of coal hydrogenolysis.

By the semi-logarithmic plots of remaining benzene-insolubles (unreacted coal) versus
the nominal reaction time at each reaction temperature, it was shown that the hydrogenolysis
reaction of both coals consists of two steps respectively. The rate of reaction in the first
step was high, and the second step was a much slower reaction. Both steps of the coal
hydrogenolysis reaction can be expressed as a first order reaction for each reaction temper-
ature run (Fig. IV-2).
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The specific reaction rates for Sumiyoshi coal were obtained at 335~450°C. The same
values for Yubari coal were also obtained at 380°C, 400°C and 450°C (Table 1V-2).
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Table TV-1. Analysis of sample coals

Proximate analysis Ultimate analysis
Sample coal HO | ash | v.m | FC| c | H N s o+
Sumiyoshi coal 6.2 6.9 478 39.1 755 6.2 1.2 04 16.7
Yubari coal 1.7 6.8 43.6 479 84.0 6.4 0.7 0.1 8.8

By difference
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Table IV-2. Reaction rate constants and activation energies
Reaction temp. °C)
Reaction rate constant Activation
(min—?) 335 350 375 400 450 energy

(Kcal)

Sumiyoshi coal Ist step 0.00258 | 0.00770 | 0.10200 0.02270 | 0.1740%* 26.8

” 2nd step e — | 0.00384 0.00928 |  0.0180 14.4

Yubari coal 1st step — — 0.01280* 0.01920 0.0615%* 18.8

” 2nd step e — | 0.00268* 0.00404 |  0.0085 16.1

* At 380°C #*  Extraporated value
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TR D Zh BT K B BRI TEZE L, BURSY IR IR R NB TETH B,




=

O oo W
= 2 2>

T i o vig FEAR S A A3 IR SS 3 177

X Bk

JiA - HERE - FHE: duk TR, 4, 58 (1950), 7, 94 (1952). [HiERJ, 4, 125 (1951).
A - GBI W BT Sl 26 4R ENE (1961).

B - FIF - B B LI 15 fEEE (1962).

R - aIF - e - TR TRRERRTE.

A - FIE - B0 28 4 R A (1962).



