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Figure 2.

Materials. In tests with nd steam-
hydrogen feed gas mixtures, the
accurately measured amount of he
about 1 mole %) as a traccr for exit gas {low
The hydrogen-inert gas [mixtures were mixe
sion and stored in a central gas storage system a
3600 p.si.g- Commercially available grade
(99.987% pure), helium (99.99% pure), and ar
pure) were used.

The coal char was separated
used in pilot plant tests to ensur
these tests would be applicable t
larger, pilot plant reactor systemm. This coal char was prepared
by the Consolidation Coal Co. from Pittsburgh Scam bitu-
minous coal from the Montour No. 10 mine by a low-tempera-
ture fuidized-bed pretreatment process. The analysis of the
feed char is shown in Table I.

Procedure. Inall the tests, a s€
a flowing gas and a single, stati
It was essentially the same as t
hydrogasiﬁcation of solid fossil fue
averaged about 1000 seconds.

hydrogen feed gas a
hydrogen contained a small,
lium or argon (usually
rate measurement.
d during compres-
t pressures up o
s of hydrogen
gon (99.998%

by screening from the char
e that the results obtained in
o work to be done in the

miflow technique employing
was used.
hat used in recent studies on the
Is (5, 6). Test pcriods
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Balanced pressure reactor

Because heat losses by free convection from internally in-
sulated reactors increase greatly when operating  at high
pressures, it was expedient to bring the reactor to operating
temperature before pressurizing it to avoid long heatup times.
When the reactor had reached the run temperature, the reac-
or pressure was brought to the desired level by increasing
pressure inside the reactor tube. As pressure was increased,
the pressurc-balancing system maintained a balanced pressure
on the reactor tube by admitting pressurized nitrogen to the
insulated area surrounding the reactor tube. About 15
minutes was required to bring the pressure to 1000 p.s.1.8-

After the desired pressure was attained, the flow of reactant
gas through the reactor tube was initiated. In tests with
steam feeds, the reactor tube was first prcssurized with nitro-
gen and then, when the steam generator pressure had been
ncreased to slightly more than the reactor pressure, the steam
was admitted to the reactor and the nitrogen was shut off.

This procedure was necessary to avoid introduction of large
quantities of steam condensate into the instrument lines. In
addition, since noncondensable exit gas flow rates were Vvery
small when pure steam feed gases were used. the exit gas
system was purged at a controlled flow rate of 25 SCF per hour




Table II. Typical Results on Hydrogen~Coal Char Reaction
(Coal char sample weight, 2.5008 grams)

Time of sampling, sec. 0 20 30 40 60 100 180 360 480 600 1000 1500
Temp. at bottom of =
__charge, °F, 1800 1490 1510 1550 1662 1786 1800 1800 1800 1796 1800 1800
Unit pressure, psig. 1010 1010 1010 1010 1010 1010 1010 1010 1010 1010 1011 1011
d h drogen rate, o .
FegdéF}'hr . b 39.3 39.4 39.3 39.1 39.3 398 39.8 39.8 40.8 40.8 40.8 40.8
Exit gas rate, SCF/hr. 393 40.0 39.5 39.0 38.1 38.6 39.0 39.7 41.0 41.0 41.0 41.4
it gas composition, mole
N ' 048 159 073 056 1.3 0.75  0.82  0.68 .59 0.73 126 1.2
CO 0.40 0.50 0,20 25 SO Araat
H, 99.47 98.36 99.21 97.44 92 .19 94.19  97.09 98.62 98,96 98.93 98 54 98.59
CH, 0.05 0.05 0.06 1.60 6.18 4.86 2.09 0.70 0.45 0.34 0.20 0.15
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00  100.00
Rate of formation of
ﬁ,ueous carbon, 1b./
. C fed-hr.
As hydrocarbons 0.1 0.2 4.6 1735 14.0 v 2.1 1.4 1.0 0.6 0.5
Total carbon 0.1 0.2 5.8 18.9 14.6 6.1 2.1 1.4 1.0 0.6 0.5
version of carbo, fed,
Co% ooy 0 0.3 10.4 29.4 51.6 70.0 75.5 79.5 88.2 95.6
with helium to avoid any distortion of the rate-time relation- test meter to provide a check on the flow rates calculated with
ship because of backmixing or holdup in the exit gas system. the helium or argon tracers. Gas analyses wereé performed
en feed gas flow rates, temperatures, and pressures had by mass Spectrometer at hifh sensitivity. Carbon monoxide
become completely stabilized, the feed 8as was sampled. One was determined by infrare Spectrophotometer, since it was
minute later, the tests were initiated by opening the quick- not possible to measure the relative amounts of carbon mon-
opening ball valve between the hopper and the reactor. oxide and nitrogen with sufficient daccuracy in the presence of
ingle charges of either 2.5 or 5 grams of coal char were fed methane with the mass Spectrometer,
and reactant gas flow rates of 50 SCF per hour were employed
in all tests. The coal charge was supported on a stainless steel Results
screen on tﬁP (;f appr?xin}'::\tgly 1911;1cl_1es}?f lhlgh'g“r:?' a:lur;lm.la Hydrogen-Coal Char Reaction, Initial testing was done
inerts in the form of cylinders, 1/, inc ong by 1/5 inch in . " by . )
diameter. Temperatures of the bottom of the coal char charge at 1000 p.s.i.g. and 1700 to 2100° F., with hydrogen feed gas,
and of the centers of the top and bottom heating zones were 3-gram coal char samples, and feed 8as flow rates of 50 SCF per
recorded.  Exit gas samples were taken in the early stages of a hour. At temperatures of 1800° F. and above, no consistent
test at frequent interyals (as small as 10 seconds) and later as effect of temperature on rate of gasification could be ob.
reElI';‘h"cg t‘t’ dehgeate tl;::iengre ‘;;‘;r;‘:i"ii t}tl}t:crf::?tu;:s sarabiling served. In addition, during the tests at 1800° F. and above,
€ lirst reaction products ap i 1 '
system in about 15 to 35 seconds. This holdup time depended stainless steel screens which had been used t(.) suPpo.rt the coal
on the feed 8as used, holdup times being shortest in tests with char charges were found to have melted, which indicated that
ure hydrogen feeds and longest in tests with pure steam feec!s. very large temperature rises had occurred during these tests
?n tests with Steam-containing feed gases, a constant liquid

es in the exit system would ot o This was necaisa mque's and assuming a heat of reaction equal to that for hydro-
il use a snzz’l()leszanaaon in gas hOll(.:l}:.lp times could distort genation of beta-graphite to methane showed that, at the high
the gasification rate-time relationship. When the reaction rates of reaction obtained with this highly reactive feedstock
rate had reached a ;ﬂueﬁ;;d ;‘m?lu to b; measured accu;au:lg', sample temperatures could easily rise to over 2500° F. from a

e was sto ¢ leed gas flow was sto , the . o ; :

reactrc:n heaters wle)xl‘): turned off, andgthe unit was deplr)el:zurxzcd starting tempe ;la fusc olf 2900 F., even with the high gas ﬂoyv
to minimize further reaction of the coal charge after the run, rates and small sample sizes used, F :)"th" tes:s were con-
; The feed gas and helium-purge gas orifices were calibrated ducted with 2.5-gram samples at 1700° to 2100° F. A 25
before each run with the exit gas wet-test meter. Exit gas gram sample size wag deemed the smallest that would give
flow measurements were made also during each run by a wet- sufficient methane in the Product gas for accurate measure-

ment. However, even with such small samples, sample tem-
peratures increased greatly. For example, when pieces of
=16, +20 USS. sievs size temperaturc-indicating pellets
having fusion temperatures of 1700°, 1900°, 2100°, 2250°, and
2500° F. were mixed with the feed char in one check run made
at1700° F., 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
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208 1 iy \ - cally in Figure 3 along with results of tests conducted without
Gt Boms mAcRTs, — S'SS inerts at 1800° and 2000° F. (which approached adiabatic
i conditions). Typical tabulated data are presented in Table I1I.

~

CARBON GASIFIcATION RATE, LB c/B ¢

CARBON c‘:s.p.go, % o s o gen feed gas, and al] further results presented for hydrogen
Figure 3, Comparison of results under conditions ap- feed gas were obtained by this method. 1In tests where char-

Proaching adiabatic and approaching isothermal and inerts were fed, the indicated bed temperature at first
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