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REACTION OF COAL WITH STEAM-HYDROGEN MIXTURES
AT HIGH TEMPERATURES AND PRESSURES

H. L. Feldkirchner and J. Huebler

Institute of Gas Technology
Chicago 16, Illinois

INTROTICITON

Three basic problems have heern sncountersd
development of processes for the converslon of ccals
plpeline gas by destructive hydrogenation at high pressures:

in the
Lo

1. At 1%00° to 1500°F., the temperature range i
which permits the dlrect production of a high-
heatling-value gas, the rate of coal conversion

18 relatively low.

2. An external source cof hydrogen is required.

3. The high heat release of the hydrogenation
reactions cannot be utilized to the fullest
advantage; this creates a serious problem 1n
the design of a reactor in which adequate
temperature control and optimum process heat

economy can be achleved.

The first limitatlon has been partially overcome
by using countercurrent reactor operation wlth a steep
temperature gradient. The use of thls operatlng schene has
been found to be effective for producing a high-heating-value
gas 1n a single step by destructlve hydrogenation at 2000
p.s.i.g. and 1300° to 1700°F. (11). Several combined factors
cause thig countercurrent schewme to be preferred. Hrst, it
1s known that, at high levels of gasificatlon, the hydro-
gaslficatlon rates of coals increase rapidly with increases
In temperature: but at low levels of gasification, in the
temperature range of 1300° to I700°W., the hydrogasification
rates are nearly independent of temperature (1,2,5,15). Second,
alt all gasificetlon levels, gasification retes are roughly
Third, the
equllibrium methane content of the product gas decreases with
increases in temperature. For example, at 1700°F. and
1500 p.s.i.a., the maximum product gas methane concentration
which can be obtalned 1n the reaction of carbon with
hgdrogen 1s #7 mole %, while at 2000°F., thls value 1s only
2

proportional te the hydrogen psrtial pressure.

mole %.

In countercurrent operation, as now contemplated,
a large excess of hydrogen contacts the relatively unreactlve
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regldue st the hlgh-temperature end of the reactor.
low-temperature end of the reactor, highly reactive feed char
comes in contact with the product gas. It has been shown that
methane concentratlions in excess of those predicted for the
carbon-hydrogen reaction can be produced when the gas is in

contact wilth slightly gasified coal char (14).

Thus,

At the

the

contacting nf fresh char and product gas at low temperatures
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and spent char and feed hydrogen at high temperatures minimizes
equilibrium limitations. Since the rate of gasification is
roughly proportional to the dlfference between the hydrogen
partial pressure in the gas and the hydrogen partial pressure
in equilibrium with the char, countercurrent operation also
provides a maximum average hydrogen partial pressure and

thus a maximum average gasification rate.

Other variations of thls basic countercurrent
operating scheme might allow further increases in gas heating
value or reductione 1n reactor slze. For exemple, a reductlon
in the residence time of the residual char,and thus a
reduction in hydrogssifier size, might be achleved by using
an even hlgher temperature in the high-temperature end of the
reactor,

Increase of the reactlion temperature also offers
an opportunity for reducing external hydrogen requirements,
At temperatures of 1700°F. and above, 1t should be possible
to supply part of the hydrogen requirements by steam
decomposition reactions taking place. simultaneously with the .
hydrogasification reactions. In addltion to providing a
source of "“free" hydrogen, the endothermic steam reaction
has the advantage of providing a means for temperature control
by ugilization of the exothermlic heat of the hydrogenation
reaction.

On the basls of the above considerations,it appeared
that pillot plant studies of the production of methane from
solid fossil fuels should not be limited to the low tempera-
ture range previously lnvestigated, but should be extended
into the temperature range above 1700°F., where very rapld

gasification rates can be achleved. However, before prototype '

pilot plant equipment could be deslgned to investigate such
high temperature processes, 1t was necessary to obtain basic
data on the gasification characteristics of the various solid
fossll fuels under these extreme conditions., No data of

this type were avallable because of the great dlfficulty of
congtructing high temperature spparatus and devising
experimental techniques capable of achleving the following
three objectives:

1. Attainment of temperstures in excess of
2000°F., at pressures up to 3000 p.s.il.g.

2. Temperature control in splte of the considerable
exothermlcity or endothermicity of the reactions
of interest. :

3. %ontrol and reliasble measurement of reactién '
ime.
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In the course of the studies conducted by the
Institute of Gas Technology in its Basic Research Program
and in other studies, techniques had been developed which
appeared to give an acceptable solution to these problems on
a laboratory scale (4,5). These techniques minimized un-
certainties resulting from the gasification of & batch fuel
charge during heatup, as well as the uncertain solids
residence times encountered in entralned-flow systems where
the actual rate of flow of -the solld fuel through the heated
zone camnnot be measured directly.

A study of available equipment indicated that the
above-listed techniques could be applied. to a reactor capable
of operating at the extreme conditions desired. A sultable
reactor was designed and built consisting of an extermal
pressure vessel operating at low temperature, an electrical
reasistance heating system insulated from this outer shell,
and a thin-walled, high-temperature, alloy steel reactor
tube with means provided for balanced-pressure operation
and fitted with a bellows to compensate for thermal
expansion of the reactor tubs.

EXPERIMENTAL
Apparatug

Figure 1 1s a flow diagram of the system showlng
all major pleces of equipment and part of the control
instrumentation. Coal char was fed in single batches from s
feed hopper. This hopper was connected to the reactor by an
alr-operated, quick-opening ball valve. A pressure equaliza-
tion line was used to keep the hopper pressure equal to the
reactor pressure. A second hopper was also congtructed .
which contalned a rotating drum~type feeder for continuocus
coal char feeding.

Hydrogen was fed from a high pressure gas storage
system and was metered by an orifice meter. . Hydrogen flow
rates were controlled marmally. Orifice differential
pressures were sensed and converted to a 3- to 15-p.s.l.g.
alr signal by a differential pressure transmitter. This air
signal was then recorded, along with the orlfice and
reactor pressures, by conventional pneumatic recorders.

Controlled rates of steam feed were obtained by
pumplng water from a welgh tank through a steam generator
by a posltive-dlsplacement, adjustable-stroke, metering pump.
- The steam generator consisted of a coll of 3/ é—inch outside
dlameter by 1/8-inch inside dlameter stalnless steel tubing
contained in an electric furnace. The temperature of the
. steam from the steam generator was controlled manually

A2

Superheated steam and hydrogen were preheated to reaction
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temperature in passing through the upper heating zone of the
reactor. - : . - . .

Exit gases from the bottom of the reactor were
cooled by being passed through a water-cooled stalnless
steel coll. Condensed steam was collected in a high :
pressure sight glass. To minlmize loss of carbon dloxide
or other dissolved gases 1n the condensed steam, the water
was drained from the high pressure sight glass first into
a low preassure flash chamber which was vented into the low
pressure exlit gas system, before water was drained from the
unit.

Exit gases were metered continuously by wet test
meter. A small portion of this stream was passed through
a recording densitometer (to ald in selection of sampling
times) and metered with a smsller wet test meter. To avoid
distortion of the reaction rate-time relationship because of
backmixing and gas holdup, which would occur if gas samplés

‘were taken after gas metering, the gas sampling manifold was

ingtalled in the exlt gas line immediately after the
pressure~-reducing, back-pressure regulator, which was used
to control the reactor pressure.

The reactor, shown in detall in Figure 2, was
internally insulated and contained a stalnless steel reactor
tube which consisted of a length of 1 1/4-inch I.P.S.,
schedule 40, type 310 stailnless steel plpe which was attached
to two adapter fittings by plpe threads. This tube was
heated electrically by a 2 3/8-~inch inside diameter heater,
contalning three 8-inch long zones. The heater was fabricated
from a single length of heatlng wire which was tapped for
three-zone operation. A balanced pressure was maintained on
the reactor tube by means of an on-off type pressure-balancing
system. Full detalls of the design and operation of this
reactor have been described elsewhere (6). Deslgn of this
reactor followed closely that of reactors described by |
Wasilewskl (13) and Hodge and others (9).

Satisfactory operation was achieved st pressures
up to 1000 p.s.i.g. and reaction zone temperatures up to
2100°F. Higher-temperature operation should be possible by
use of higher temperature heaters, such as silicon carbide,
and refractory metal reactor tubes. Insulation having a
higher operating temperature limit than that of the insulation
used here would also be required 1n the vicinity of the
electric heater. ’

An insert, fabricated from a length of l-inch I.P.S.,
schedule 40, type 310 stainless steel pipe, was installed
within the reactor tube to provide for contaimment and complete
recovery of the coal char charge. An Integral thermowell,
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fabricated from 1/8-inch I.P.S.,. schedule 40, type 310 stain-
less steel plpe, was located axlally within the insert and
contalned three Chromel-Alumel, magneslum oxide-insulated,
0.062-1nch outslde dilameter, Inconel-sheated thermocouples.
The temperatures senged by these thermocouples were recorded
at approxlmately one-second intervals by a high speed
potentlometric-type temperature recorder.

Reactor temperatures were controlled by three on-
off, indicating temperature controllers and three thermo-
couples located wilthin the centers of the heating elements.
Satlsfactory operation was obtained with thls type of
thermocouple mounted in the electric heaters as well as
in the insert at reactor temperatures up to 2100°F. Electric

. heater temperatures were kept below 2300°F. to ensure as long

a heater life as possible.
Materlals

In tests with hydrogen feed gas and hydrogen-steam
feed gas mixtures, the hydrogen contained a small, accurately
measured, amount of helium or argon (usually about 1 mole %)
as a tracer for exit gas flow rate measurement. The hydrogen-
inert gas mixtures were mixed during compression and stored
in a central gas storage system at pressures up to 3600 p.s.il.g.
Commerclally availlable grades of hydrogen (99.987% pure),
helium (99.99% pure), and argon (99.99%% pure) were used.

The coal char was separated.by screening from that
used in pllot plant tests to ensure that the results obtained.
in these tests would be applicable to work to be -done in the
larger, pllot plant reactor system. This coal char wes
prepared by the Consolidatlon Coal Co. from Plttsburgh Seam
bitamincus coal from the Montour No. 10 mins by a low-
temperature fluidized-bed pretreatment process. The analysis
of the feed char is shown in Table I.

Procedure

In a1l of the tests, & semiflow technique employing
a Clowlng gas and single, static coal char charge wag used.
It was essentlally the same as that used in other studies
conducted recently on the hydrogesification of solid fossil
{uelsh(u,S). Test periods averaged about 1000 seconds in
ength. . '

_ 'Bocause heat losses by free convection from
Internally insulated reactors increase greatly when operating
at high pressures,it was expedient to bring the reactor to

- operating temperature before pressurlzing i1t to avold long
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Table I.-ANALYSIS OF COAL CHAR

Sample Designation 5851
Type Low-Temperature,
Bituminous Coal Char
Source Consolidation Coal Co.
Particle Size
U.S. standard sieve -16,+20
Ultimate Analysis, wt.%
(dry basis)
Carbon 76.6
Hydrogen 3.25
Nitrogen 1.76
Oxygen 10.07
Sulfur 0.86

Ash 7.46
Total 00.00

Proximate Analysls, wt. %

Moisture - 0.9
Volatile Matter _ 18.1
Fixed Carbon o 73.6
Ash _ 7.4

Total 100.0

heatup times. When the reactor had reached the run temperature,
the reactor pressure was brought to the desired level by
Increasing pressure Inside the reactor tube. As pressure

was Increased, the pressure-balancing system maintained a
balanced pressure on the reactor tube by admitting pressurized
nitrogen to the lnsulated area surrounding the reactor tube.
About 15 minutes was required to bring the pressure to

1000 p.s.i.g. ,

After the desired pressure was attalned, the flow
of reactant gas through the reactor tube was inltiated. In
tests wlth steam feeds, the reactor tube was first
pressurized with nitrogen and then, when the steam generator
pressure had been increased to slightly more than the
reactor pressure, the steam was admitted to the reactor and
the nitrogen was shut off. This procedure was neceassary to
avold Introduction of large quantities of steam condensate in-
to the instrument lines. 1In addition, since non-condensable
exlt gas flow rates were very small when using nure steam
feed gases, the exit gas system was purged at a controlled
flow rate of 25 SCF per hour with helium to avold any
distortion of the rate-time relationship because of backmixzing
or holdup in the exlt gas system.
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When feed gas flow rates, temperatures, and pressures
had become completely stabllized, the feed gas.was sampled.
One minute later, the tests were 1nitiated by opening the
quick-opening ball valve between the hopper and the reactor.
Single charges of elther 2.5 grams or 5 grams of coal char
wore fed and reactant gas flow rates of 50 3CF per hour
wore employed in all tests. The coal charge was supported
on a stalnless steel sBcreen on top of approximately 19
inches of high puritg alumina lnerts in the form of cylinders,
1/8-inch long and 1/8-inch in diameter. Temperatures of the
bottom of the coal char charge and of the centers of the top
and bottom heating zones were recorded. Exlt gas samples
were taken, in the early stages of a test at frequent
intervals (as small as 10 seconds) and later as required, to
delineate the entire course of the reaction,

- The first reaction products appeared 1n the exit
gas sampling system in about 15 to 35 seconds. Thls holdup
time depended on the feed gas used, with holdup times belng
the shortest in tests wlth pure hydrogen feeds and holdup
times belng the longest 1n tests with pure steam feeds. In
tests with steam-containing feed gases, a congtant liquid
level was maintained in the sight glass, so that gas holdup
times in the exit system would not vary. This was necessary
because a slzeable varlation in gas holdup times could
distort the gasificatlon rate-time relstionship. When the
reaction rate had reached a value too small to be measured
accurately, the run was stopped. The feed gas flow was
stopped, the reactor heaters were turned off, and the unit
was de-pressurlzed to minimlze further reactlon of the coal
charge after the run. .

The feed gas and hellum-purge-gas orifice calibrations
were verformed before each run with the exit gas yet 4ozt
meter. Exit gas flow measurements were also made during each
run by wet teat meter to provide a check on the flow rates
calculated with the helium or argon tracers. Gas analyses
were performed by mass spectrometer at high sensitivity.
Carbon monoxlde was determined by infrared spectrophotometer,
since 1t was not possible to measure the relstive amounts.
of carbon monoxide and nitrogen with sufficlent accuracy in
the presence of methane with the mass spectrometer.

RESULTS
Hydrogen-Coal Char Reactlon

Initial testing was done at 1000 p.s.i.g. and 1700°P
to 2100°F.,with hydrogen feed gas, 5-gram coal char samples,
and feed gas flow rates of 50 SCF per hour. At temperatures
of 1800°F. and above, no consistent effect of temperature on
rate of gasifilcation could be observed. In addition, during

. the testa at 1800°F. and above, stainless stesl screens which
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had been used to support the coal char charges were found to
have melted, which indicated that very large temperature
rises had occurred at some time durlng the course of these
tests. Heat balance calculations were fhen made using finlte
difference techniques. A heat of reaction equal to that for
hydrogenation of beta graphite to methane was assumed. These
calculations showed that, at the high rates of reaction
obtained with this highly reactlve feedstock, sample tempera-
tures could easlily rise to over 2500°F. from a starting
temperature of 2000°F., even with the high gas flow rates
and small sample sizes used. Further tests were conducted
with 2.5-gram samples at 1700° to 2100°F. A 2,5-gram sample
slze was deemed the smallest which would glve sufficlent
methane in the product- gas for accurate measurement. How-
ever, even with such small sample slzes, it was found that
sample temperatures increased greatly. For example, pleces

of -16, +20 U.S8.3. sleve size temperature-indicating pellets
having fusion temperatures of 1700°, 1900°, 2100°, 2250°,and
2500°F. were mixed with the feed char in one check run made
at 1700°F. Here both the 1700° and 1900°F. pellets melted.

Therefore, three more tests were conducted with
2.5 grams of coal char mixed with 30 grams of alumina inerts
to act as a heat sink. The results of these tests at 1800°
and 2000°F. are shown graphically in Figure 3 along with
results of tests conducted without inerts at 1800° and
2000°F. This dilution technique was used in all further
tests with hydrogen feed gas and all further results presented
for hydrogen feed gas were obtained by thls method. It
should be polnted out that in tests where char and inerts were
fed, the indlcated bed temperature first dropped rapidly
gseveral hundred degrees but by the time about 40 percent of
the carbon was gasified, the indicated bed temperature had
returned to the nominal run temperature. As can be seen,
there 1s a gradual decrease in gasification rate with in-
creasling carbon gasification which indicates a decrease in
char reactivity. The degree of reproducibllity of these
tests can be seen by the close agreement of the two tests
conducted at 1800°F. The finding that initial rates of .
gasification observed in these tests were almost as high as
those 1n tests conducted without inerts is further evidence
that initlial rates are essentlally independent of temperature
at temperatures above 1300°F. (5).

Other investigators, for example Hunt and others (10)
and von Fredersdorff (12), found diffusional limltations were
present with the carbon-steam reactlon. Therefore several-
tests were conducted at 1800°F. with hydrogen feed gas to
show whether diffusional effects may heve been present in

. the char-hydrogen system. The results of the tests using -

char samples having different particle sizes are shown in
Figure 4. It can be seen that at carbon gasificatlons above
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about 50 percent, there are no differences 1n the rates of
gasification of -16, +20 and -30, +40 U.S.3. sieve-size
particles. Because of the temperature upsets which occurred
when inerts were fed wlth the char no reliable Information
can be obtained on this system for low carbon gasification
levels. The results of tests conducied at different feed
hydrogen flow rates are shown in Figure 5. Agaln, at carbon
gasifications above about 50 percent, there 1s apparently

no effect of hydrogen flow rate on gasification rate.

Steam-Hydrogen Coal Char Reaction

The next set of tests was conducted with equimolar
steam-hydrogen mixtures, at 1700° to 2100°F., with 50-SCF
per hour feed gas flow rates, and with 2.5-gram coal char
pamples. The results of these tests are shown graphically
in Figure 6. Temperature-indicating pellets, which were
mixed with the coal char in these tests, did not indicate
the presence of large heat effects which were found in tests
with hydrogen feed gas. Heat-balance calculations indicated
that temperature changes during the course of these tests
would be lsss than 100°F. In general, the rate of gasifica-
tlon increased wlth increases in temperature. These results
also indicate that greater structural changes resulting in
lost reactlvity may occur after prolonged exposures of the
char to steam-hydrogen mixtures at 2100°F. than at lower
temperatures, or 1n gasification with pure hydrogen.

The effect of temperature on the relative rates
of formation of carbon oxldes and methane, shown graphically
in Figure 7, 18 more pronounced tharn the effect of
temperature on the total gasification rate. Since some
carbon oxldes are evolved during the early stages of gasifica-
tion with hydrogen, these data are also included for comparison.
At higher temperatures, the char is apparently more reactive
toward steam than toward hydrogen. However, it was not
possible to quantitatively measure the rates of the steam-
char and hydrogen-char reactlons here, slncé it is possible
for some of the methane formed by the char-hydrogen reaction
to undergo reforming to carbon monoxide and hydrogen in the
gas phase or by secondary reaction catalyzed by the coal
surface. Further work, using isotope- or radiocactive-tracer
techniques to measure these primary reactions, would be
desirable.

Several conclusions can be drawn from these results
about operation of high-temperature hydrogasification
reactors with steam-hydrogen feeds. WFirst, since the rate
of carbon oxides formation is greater than that of methane
formation above 1900°F. and is less below 1900°F., tempera-
ture control should not be a severe problem in steam-hydrogen
coal gasifiers. For example, if bed temperatures began to
increase, carbon oxide-forming reactions, which are
endothermic, should eventually predominate and provide an
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upper 1lmit on the bed temperature. If, on the other hand,
the temperature began to decrease, exothermic methane-
forming reactions should eventually predominate and provide

a lower limlt on the bed temperature. .S&cond, the reactivity
of the char for carbon oxide-forming reactions and for
methane-forming reactions depends strongly on the carbon
gasification level. Thus, selectlon of operating conditions
for process deslgn wlll also depend on the carbon gasifilcatlon
level 1n the reactor.

The equilibrium relationships for the steam-hydrogen-
carbon system also indicate that temperature control should
not be a severe. problem in steam-hydrogen coal gasiflers.
Figure 8 shows the effects of temperature, for three pressure
levels, on the equilibrium gas compositlon for steam-hydrogen
gasificatlon of carbon. In calculating these equilibrium
composlitions, ldeal gas behavior and a unit activity for
carbon were assumed. It can be seen that as temperature
Increases, the yleld of methane and carbon dioxlde decreases
and the yleld of carbon monoxide increases. Thus chemical
equilibrium limitations will exert a temperature-moderating
influence on the reactions.

It should be polnted out that, since the concentratlon
of reactlon products in the exit gas was very small in all
tests, the relative rates of the various gasifilcatlon reactlons
would probably be somewhat dlfferent under actual operating
conditions than 1s shown in Figure 7. However, the approximate
trends .shown should still be valid.

Calculations were also performed to show the degree
of approach to the carbon monoxide shift reaction equilibrium
in these tests. Although the concentration of reaction
products In the exit gas was too small at high carbon
gasification levels for making these calculations accurately,
it was possible to make calculations for carbon gasifications
below about .50 percent. At temperatures of 2000° and 2100°F.6
the equllibrium was approached quite closely, but below 2000°F.
the approach to equilibrium became progressively less with
decreases 1n temperature. At 1700°F. the experimentally
determined value for the ratio: (C0z)(H=)/(CO)(H20) averaged
approximately 0.55 tlmes the equilibrlum value calculated
from thermodynamic data.

Steam-Coal Char Reaction

The final set of tests was conducted with pure
steam feeds, at 17009 to 2050°F., wlth 50-SCF per hour steam
rates. Because of the generally lower gasification rates
measured wlth steam feed gas, 1t was necessary to use larger,

‘5-gram coal char samples so that the concentration of gaseous

products In the exit gas would be large enough for measurement
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by existing techniques. The concentration of products could
also have been increased by using a lower hellum sweep gas
flow rate, but this would have resulted in longer holdup times
in the exit gas system, which could cause distortion of the
rate-time relationship by heckmixing. Proportionately greater
losses of dissolved carbon.dloxlde in the condensed steam
with smaller sample sizes would be a further reason for

using larger coal char sample slzes. The results of these
tests are shown graphlically in Figure 9.

The carbon gasificatlion-gasification rate relation-
ship 1s somewhat different from that wlth steam-hydrogen
mixtures or hydrogen. Here, the rate of gasification 1s
strongly influenced by temperature at all levels of carbon
gasification, and the char-reactlivity decreases wilith 1lncreases
in carbon gasification. The reactivity begins to drop very
rapidly for all temperatures- after about 100 to 150 seconds
from the start of the run. A similar, buf less pronounced
behavior was observed im. a test at 2100°K.. with steam- i
hydrogen feed gas, which was discussed earlier. These
results would indicate that, at higher temperatures, the
reactivity of the char may be affected hy its previous gas
environment. This loss in reactivity with steam-containing
feed gases may apparently he cgounterached. by operation at
higher temperatures,however, so. thaht this should not be a
serious limitation. .

The combined results of tests conducted with -16,
+20 U.S.S5. sleve size char and at a 50-SCF per hour feed gas
flow rate are presented graphically in Figure 10 and Figure 11l.
It can be seen that at lower temperatures, the rate of
gasification with hydrogen 1s many times that with steam,
but as temperature is increased, the rate of steam gasification
approaches il for hydrogen. :

The results of these tests do differ from those
conducted at lower temperatures and pressures. with less
reactive feedstocks. Previous investigators have found that,
at hgdrogen partial pressures below 30 atmospheres and at
1300° to 1700°F., the addition of steam caused an increase
- in the methane formation rate, (3,7,8,16), but no such "activating"
effect was found here. This result is in agreement ‘
with previous work conducted at the Institute (5). From
Flgure 11, it can be seen that the methane content of the
product gas varies almost inversely with the feed gas steam
content, at higher carbon gasification levels. This decrease
in methane yield with increases in feed gas steam content may,
of course, be partially due to increased steam reforming of °
product methene with Iincreases in steam partial pressure
which was dlscussed earlier. In addition, the high yieldé of
carbon oxides at low carbon gasificatlon levels and at low
feed gas steam concentrations are partly due to devolatiliza-
tlon reactions which occur during the early phases of
gasification. The relatively high oxygen content of this
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coal char (10.07 wt. %), along with the fact that these carbon
oxide-forming reactions occur very rapldly and in the very
early stages of gasification (5) would cause the effects of
these reactions to be accentuated.

Other investigators have observed an lnhibition
of the steam-char reactions by hydrogen when working with
highly devolatilized chars (3,8,16). In work done recently
wlth low-temperature bituminous coal chars at 1700°F., this
inhibiting effect was also observed during initial stages of
gasification (5). The results shown in Figures 10 and 11
were studied, therefore, to see whether there was evidence
of hydrogen inhibition.of the steam-char reactions. If a
first order rate relationship for the formation of carbon
oxldes by steam 1s assumied, (i.e., the rate of formation of
carbon oxides proportional to the steam partial pressure),
the carbon oxlde-formation rates per unit steam partial
pressure were apparently no less 1n the tests with steam-
hydrogen mixtures than in the tests wlth pire stéam. This
result may be due to experimental conditions being somewhat
different in these tests from previous work (5). In the
previous work with coal-char the residence times of the exit
gas 1n the heated portlion of the reactor were only about
one-quarter as large as those in thils work. Therefore, since
there may have been more steam reforming of exlt methane in
these tests, inhibition by hydrogen may have been obscured.
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CARBON GASIFICATION RATE, LB C/LB C IN BED-HR
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