
I 5 .4 K W I 
~ 22 

19 21 

22 

3 6 

4 

-0 13 
DPR 

f"C----
I 

FEED GAS STORAGE CYLINDERS, 3600 P.S.I. 

PRESSURE REGULATOR 

FEED GAS METERING VALVE 

SOLIDS FEED HOPPER 

PNEUMATICALLY OPERATED FULL-OPENING VALVE 

PRESSURE EQ~AlIZATION L";E 

REACTOR. 2-INCH 10 60-INCH IL 

INTERCHANGEABLE FEED GAS AND PRODUCT GAS LINES 
FOR UPFLOW AND DDWNFLOW OPERATION 

BACK· PRESSURE REGULATOR 

10 BYPASS FOR FEED GAS ORIFICE CALIBRATION 

11 GAS SA TURAT ORS 

12 PRODUCT GAS WET-TEST METER 

13 SYNTRON VIBRATOR 

14 RUPTURE DISK 

15 RANAREX RECORDER 

16 LIQUID PRODUCTS KNOCKOUT 

17 GAS SAMPLE BOTTLE 

18 WATER -C OOLED CONDENSER 

lq WATER WEIGH TANK 

20 ME TERING PUMP 

21 STEAM GENERATOR 

22 HIGH - TEMPERATURE VALVES 

PR - PRESSURE RECORDER 

DPT ·.DIFFERENTIAL PRESSURE TRANSMITTER 

DPR - DIFFERE~TIAL PRESSURE RECORDER 

II 

110 

I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 

12 

15 

TO 
STACK 

FILTER 

B 

~ 
[ 
[ 
L 

TO PR 

FILTER 

-0 
DPR 

FILTER 

Figure 1. SemiAow reactor system for study of rates of hydrogasification of solid fossil fuels at ,temperatures to 1700° F. 
and pressures to 3000 p.s.i.g. 

or less. The reactor was first heated up to the desired operat
ing temperature. Then gas flow, at the desired ·rate, was 
started through the reactor. The heat input to the reactor was 
then adjusted so that all temperatures within the reactor 
remained constant. . When the system was stabilized. com
pletely, the run was initiated by opening the valve between the 
feed hopper and the reactor. 

At typical conditions of 1500 p.s.i.g., 1700° F., and a hydro
gen flow rate of 100 SCF per hour, the first hydrogasification 
products appeared in the exit gas at the sampling manifold 
in approximately 10 seconds. During the initial period of high 
conversion rate, samples were taken at time intervals as short 
as 5 seconds to delineate the exact course of the reaction. 
Temperatures at the center of the coal charge, at a point 6 
inches above the charge, and at the bottom of the insert were 

recorded continuously by means of a high-speed temperature 
recorder, which recorded each temperature at approximately 
3-second intervals. 

When the reaction rate had reached a value too small to 
be measured accurately at the high gas rates employed (usually 
after about 600 seconds), the run was stopped. The electric 
heaters were turned off and the reactant gases were purged 
from the reactor with nitrogen. The reactor was kept fill ed 
with nitrogen until the temperature was low enough to allow 
retrieval of the coal residue. 

Results 

Exploratory Tests. Before the test program was initiated, 
several exploratory tests were conducted at the base condi-
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Coal 
Type 
Source 

Table I. Coal Analyses 
Bituminous coal char Anthracite 
Low temperature Medium volatility 

Anthracite Experiment Consolidation Coal Co. (Montour No. 
10 mine) Station, U. S. Bur. 

Mines 
Particle size, U. S. stand

ard sieve 

Ultimate analysis, wt. % 
(dry basis) 

Carbon 
Hydrogen 
Nitrogen and oxygen (by 

difference) 
Sulfur 
Ash 

Total 

Proximate analysis, wt. % 
Moisture 
Volatile matter 
Fixed carbon 
Ash 

Total 

-16, +20 

78.3 
3.46 

10 .03 
1.01 
7.20 

100 .00 

1.7 
17.3 
73.9 

7.1 
100 .0 

- 40, +50 

79.5 
3.46 

10 . 12 
0.91 
6.01 

100 .00 

2 .3 
17.9 
73.9 

5. 9 
100.0 

-16, +20 

83.3 
2 .47 

2.90 
0.88 

10.45 
100.00 

0.7 
5.7 

83.2 
10.4 

100.0 

Coal 
Type 
Source 

Bituminous coal 
Pittsburgh Seam 

Lignite 
North Dakota 
Truax-Traer Co. Consolidation Coal Co. (Montour No. -

4 mine) (Velva mine) 

Particle size, U. S. stand
ard sieve 

Ultimate analysis, wt. % 
(dry basis) 

Carbon 
Hydrogen 
Nitrogen and oxygen (by 

difference) 
Sulfur 
Ash 

Total 

Proximate analysis, wt. % 
Moisture 
Volati le matter 
Fixed carbon 
Ash 

tions of 1000 or 1500 p.s.i.g. and 1700 0 F., with a hydrogen 
flow rate of 100 SCF per hour. It was necessary to select 
sample weights which gave small temperature changes and low 
concentrations of methane in the exit gas, without impairing 
analytical accuracy. 

With 50- and 20-gram samples of low-temperature bitu
minous coal char ( - 8, +16 sieve size), the maximum exit gas 
methane content was too high and the temperature changes 
during the run were too great to allow the assumption of dif
ferential reaction conditions. In tests with 10- and 5-gram 
samples of -16, +20 sieve size low-temperature bituminous 
coal char, the exit gas methane contents approached the de
sired levels, and reaction rates (expressed as pounds of carbon 
converted to gaseous hydrocarbons per pound of carbon re
maining in bed per hour) were similar. With bituminous coal 
char, temperature changes were not completely eliminated 
even with the 3-gram sample (Figure 2) . However, further 
reductions in sample weight would have reduced methane con
centrations in the exit gas to values too low for accurate meas
urement of reaction rates. 

With low-temperature bituminous coal char at nominal run 
temperatures of 1700° F., two periods of high rate were ob
served (Figure 2). The second, occurring after approximately 
30% carbon gasification, was a result of increases in the 
temperature of the char sample due to the inability of the char 
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-1 6, +20 

75.9 
5.01 

8 .99 
1. 54 
8.56 

100.00 

1.1 
33.5 
56.9 

8 .5 
100.0 

-16, +20 

65.4 
4 .49 

23.21 
0.45 
6.45 

100.00 

6.8 
41.2 
46.0 
6.0 

100.0 

sample to dissipate the high heat of reaction to the surl"Ound
ings. This was substantiated by conducting a further test 
with a 3-gram sample weight. Here rate increased only 
slightly at carbon conversions above 30%. In tests with un
pretreated coals, and with bituminous coal char at 1300° and 
1500° F., no second period of high rate was observed . 

I t was also necessary to select a coal particle size for the 
remainder of the test program. An effect of particle size on 
the rate of reaction could indicate the presence of significant 
diffusional resistances. Tests conducted with to-gram samples 
of -16, +20 and - 40, +50 sieve size material (Figure 3) 
indicate negligible effects of particle size on the reaction rate . 
The displacement of the rate curve for the - 40, + 50 sieve size 
material was probably due to the slower feeding rate of the more 
finely divided material, or to an initial holdup in the coal feed 
hopper. On the basis of duplicate tests to check repro
ducibility, it was believed that these small differences were 
within the limits of experimental and analytical accuracy. 

From the results of these exploratory tests, the following base 
conditions were selected for the remainder of the tests, unless 
otherwise noted: 

Temperature 
Pressure 
Sample weight 
Coal particle size 
Feed gas flow rate 

1700 ° F. 
1500 p.s.i .g. 
5 and 10 grams 
-16, +20 sie=..s.ize 
100 SCF per hour 


