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INTRODUCTION

The gasification of coal with steam and oxygen under elevated pressure is
an essential step in the Bureau of Mines Synthane process for comverting coal to
synthetic pipeline gas. Use of a suitable catalyst or additive in the gasifdica-
tion step could conceivably improve the gasification of coal. Earlier investi-
gators have catalyzed the gasification of coke and carbon with various additives
and have demonstrated that some benefits would result from the catalysis of gasi-
fication at atmospheric pressure. Vignon (1), for example, showed that the per-
centage of methane in water gas made from coke can be increased significantly by
addition of lime to the coke. Neumann, Kroger, and Fingas (2) demonstrated the
feasibility of improving the gasification of graphite at 450° to 1,000° C through
addition of K20, CuO, and other salts. Continuation of the studies by Kroger and
Melhorn (3) indicated that addition of either 8 pct Liz0 or (8 pect Kp0 + 3 pct
Co30;) to low-temperature coke increased steam decomposition at temperatures of
500° to 700° C. More recently, Kislykh and Shishakov (4) studied the effect of
Fe(C0)5, (Fez03 + CuCly), KCO3, and NaCl upon fluid-bed gasification of wood char-
coal at 750° C and atmospheric pressure. They found that sodium chloride was the
most effective additive, accelerating gasification by 62 pct and increasing steam
decomposition 2.5-fold.

The work on catalysis reviewed thus far does not include gasification at .
elevated pressures nor the use of volatile coals. The bench-scale work now
reported compares the catalytic activity of various additives in the gasifica-
tion of volatile coals with steam under pressure and studies other process param-
eters of interest such as gasification temperature, type of contact with the cat-
alyst, degree of gasification, and repeated use of a catalyst. Results of pilot
plant gasification tests using additives are also reported.

Bench-Scale Studies

The gasification tests were conducted in two bench-scale reactor units,
units A and B. The units were essentially the same; each unit contained an
electrically heated reactor constructed of a 21-in-long section of 3/4-in,
schedule 160 pipe of type 321 stainless steel. The coal~additive charge was
contained in the middle 6 in of the reactor to minimize the spread of bed temper-
atures. Alumina cylinders filled the void space at each end of the reactor. Three
thermocouples were located in the 6-in reactor zone, 1/2 in, 3 in, and 5=1/2 in
from the top of the zone. The maximum temperature occurred at the middle thermo-
couple and was considered the nominal temperature of the reaction. The top and -
bottom bed temperatures were generally within 35° C of the maximum temperature.

During a gasification test, the coal charge was gasified by steam, which was
introduced by saturation of the nitrogen carrier gas.




Figure 1 shows a schematic flowsheet of a reactor unit and its auxiliary
equipment: high-pressure gas supply, silica gel and charcoal purifiers, cali-
brated caplllary meter as feed gas flow indicator, gas saturator to humidify the
feed gas, condenser and trap for liquid product collection, and gasometer for
metering and collecting of total product gas. Reactor pressure was controlled by
a back-pressure regulator. Temperature of the gas saturation was controlled
within + 0.6° C by a chromel-alumel thermocouple control system.

Analyses of dry product gases were done by mass spectrometer as well as gas
chromatography. The liquid product about 95 pct water, was drained and weighed.

Coal Used

The coal charged in all the tests discussed in this report was a single batch
of high-volatile bituminous coal (Bruceton, Pa.) that had been pretreated at 450° C
with a steam—air mixture to destroy its caking quality. The pretreated coal was
crushed and sieved to a particle size of 20 to 60 mesh. Proximate and ultimate
analyses of the pretreated coal are shown in table 1 below, in weight percent:

TABLE 1. - Analyses of pretreated coal used for feedstock

Proximate ) Ultimate
Moisture 1.5 Hydrogen 3.9
Volatile 22.4 Carbon 74.3
Fixed carbon  65.5 Nitrogen 1.5
‘Ash 10.6 Oxygen 8.7

Sulfur 1.0
Ash . 10.6

Standard Gasification Tests for Screening Additives

Standard gasification tests were conducted 1in units A and B to determine the
effect of various additives upon rate of carbon gasification, rate of gas produc-
tion, and other gasification parameters.

In unit A, the standard gasification tests using various catalysts were made
at the selected operating conditions of 850° C, 300 psig, and 5.8 g/hr steam feed
carried by 2,000 em3 Ng/hr. The coal charge was 10 g plus 0.5 g of catalyst. All
catalysts were either powders or crystals that were admixed with the coal except
in the case of experiment 203. In experiment 203, a metal tubular insert was flame~
spray coated with about 10 g of unactivated Raney nickel, then inserted in the coal
bed. In experiment 200. the Raney nickel catalyst powder was activated or approx-
imately 65 pct reduced by treatment with 2 pct sodium hydroxide solution. In the
reduced activated state, the catalyst was dried, mixed with coal, and charged into
the unit under an inert atmosphere of nitrogen.

Reaction time, at the desired reaction temperature, was held constant at &4 hrs.
An additional heat~up time of about 40 min was needed to reach the desired reaction
temperature. Steam flow was not started until bed temperature exceeded 200° C.

Conditions in unit B were the same as in unit A except that the steam rate was
slightly lower at 5.0 g/hr.
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Generally, tests were conducted in triplicate or higher replication. The
average deviations in carbon gasification rate determinations generally ranged
from 1 to 5 pet.

The experimental results of the screening tests conducted in unit A are
presented in tables 2a and 2b; and for unit B, are presented in tables 3a and 3b.
The specific gas production rates and gasification rates presented are based on
the approximate 4-hr reaction time at 850° C. The results indicate that methane
production rates as well as carbon gasification rates can be increased signifi-
cantly by admixing certain compounds with the coal feed.

The rate of carbon gasification for the uncatalyzed coal was about 10 pct
higher in unit A than in unit B (experiment 167 vs 300). The slightly higher
steam rate in unit A is suspected as the cause of the higher reaction rate. Be-
cause of this difference in absolute rates, the percent increases achieved in gas-
ification rates and gas production rates due to a2dditives yere related only to
rates obtained in the gasification of the uncatalyzed coal in the same unit. Shown
in table 4 are the relative effects of 40 additives upon the production of methane
and hydrogen; and shown in table 5 are their relative effects upon the production
of carbon monoxide and the gasification of carbon. The additives are listed in
decreasing order of percent increased production. The corresponding reactor unit
used (either A or B) is also listed.

Table 4 shows that at standard test conditions, all the additives listed
except ZnBry increased methane production and that all the tested additives in-
creased hydrogen production significantly. The sprayed Raney nickel catalyst
increased methane production by 24 pct and was the most effective material for
promoting methane production. The next three materials ranking highest in promot-
ing methane production were LiCO3, Pb30,;, and Feq0; with respective methane in-
creases of 21, 20, and 18 pct.

A comparison of the methanation activity of zinc oxide with that of zinc bro-
mide indicates that the anion group of a catalyst can exert significant influence
on the activity.

As shown in table 4, the alkali metal compounds proved to be among the best
promoters of hydrogen production. The percent increase in hydrogen produced was
105, 83, 55, and 53 pct, respectively, with the addition of KCI, KpC03, LiCO3, and
NaCl. The sprayed Raney nickel was the third most effective promoter of hydrogen
production yielding a hydrogen increase of 63 pct.

Table 5 shows that the alkali metal compounds K2C03, KCl, and LiCO3 gave the
greatest increase in carbon monoxide production as well as in carbon gasification;
the increases ranged from 40 to 91 pct. ~The compound NaCl provided 3 significant
increase of 31 pct in carbon gasification but was much less effective in increasing
the production of carbon monoxide (7-pct increase).

As shown in tables 2b and 3b, the unit heating values of the total product
gases generally decreased as a result of mixing additives with the coal but, since
the total gas make was increased, the total amount of fuel value produced as product
gas increased.

Two methods of applying catalyst--by admixing with the coal or by coating the
surface of an insert or carrier--may be compared in the case of unactivated Raney
nickel catalyst (experiments 203 and 197).
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TABLE 4. - Increase in the production of methane and _hydrogen

Increase Increase in
in H; produced,
Catalyst Unit CH4, pct Catalyst Unit peL
Raney nickel, KC1 A 105
unactivated spray A 24 K=C03 A 83
LiCOs3 B 21 Raney nickel
Pb30g4 B 20 unactivated spray A 63
Fea04 B 18 LiCOs B 55
MgOo B 17 NaCl A 53
PbOo B 17 Raney nickel
Sro B 17 actlvated mix A 46
TiOs B 16 NiCly-6H0 A 43
Cry0s B 16 PbO, B 43
Bs03 B 16 Zno A 40
Cul B 15 Pbg 04 B 39
Zn0 A 14 Sro B 38
Al503 B. 14 B20s B 38
Ni B 13 Cu,0 B 38
2r05 B 13 Cu0 B 37
Sbx05 B 13 Ba0 B 37
CrOaq B 13 Sb05 B 37
V205 B 13 MoOs B 37
Raney nickel Co0 B 37
. unactivated mix A 12 BioOg B 36
BaO B 12 ZnBry A 35
MoOs B 12 MgO0 B 35
NiCl,' 6Hp0 A 11 TiO, B 34
Ca(OH) > B 11 N1SO, - 6H0 A 33
Co0 B 11 Fez04 B 33
Ni504 - 6HL0 A 10 Al0q © B 33
MnO, B 10 N1i0 B 32
NaCl A 9 Cr0y B 32
Bis0s B 9 MnO, B 31
Ni0 B 8 2ra, B 31
Cuz0 B 8 Raney nickel.
KC1 A 7 unactivared mix A 30
K=C0s A 6 Ni 03 B 29
Ni 03 B 5 Ni B 29
Raney rnickel Sn0, A 28
activated mix A 4 V205 B 28
Fe A 4 Cr03 B 25
Sn0, A 1 Ca(O0H) o B 22
ZnBry A -3 Fe A 16
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TABLE 5. - Increase in production of carbon monoxide and gasification of
carbon .
Increase Increase in
in CO carbon gasi-
Catalyst Unit produced pet Catalyst Unit fied, pet
KoC0g A 91 KC1 A 66
KC1l A 81 K>C0s A 62
LiCOs B 72 LiCOs B 40
BisOg B 69 NaCl A 31
Sb05 B 69 Pbz 04 B 30
Bo0s B 62 Bao B 28
Fez04 B 60 Bs0s B 28
Cr»0s B 55 PbOo B 27
Zr05 B 53 BisOg B 26
Pba 04 B 52 Cro0g B 26
Cu0 B 49 Sbx0sg B 26
Al50s5 B 45 Zn0 A 26
Ni B 42 Sro . B 25
Cux0 B 41 NiClo-6HS0 A 24
PbO- B 40 Mg0 B 23
CrO0s B 39 Feg04 B 23
NiO B 38 Cu0 B 22
BaO B 30 YA B 22
TiO, B 30 T1i0, B 22
Co0 B 29 CrOg B 22
MgO B 28 Al505 B 22
V205 B 27 NS0y - 6H50 A 21
MnO, B 21 MnO> B 21
MoOs B 19 Co0 B 21
NigOs B 16 Cuz0 . B 21
Sro B 15 Raney nickel
Raney nickel, un- activated mix A 20
activated spray A 8 Nio B 20
ZnBro A 8 Raney nickel
NaCl A 7 unactivated mix A 19
Raney nickel, un- Ni B 19
activated mix A 5 MoOg B 19
Zn0 A 5 V205 B 19
NiCl,-6Ho0 A 4 ZnBro A 17
NiS0y4 - 6H50 A -3 Nio03 B 14
Raney nickel Raney nickel, un-
~activated mix A =4 activated spray A 10
Ca(OH)» B -15 Sn0, A 10
Fe A -21 Ca (OH)» B 9
Sn05 A 24 Fe A 6




Admixing of the catalyst with the coal provides better contact between
coal and catalyst than does the insertion of catalyzed surfaces into the bed
of coal. The superior contact achieved by admixing the catalyst and coal is
proven by the higher specific rate of carbon gasification obtained by the ad-
- mixed Raney nickel (unactivated) in experiment 197 over that of sprayed Raney
nickel (unactivated) in experiment 203 (tables 2a and 2b). This is further
confirmed analytically by the larger amount of carbon left in the residue in the
case of the sprayed Raney nickel catalyst.

Table 2a indicates that the Raney nickel (unactivatcd) catalyst was more
effective in promoting methane production when sprayed on a surface than when it

was admixed with the coal charge. Apparently, the process of methane synthesis

from CO and Hy was more effectively promoted by the sprayed Raney nickel (unacti-
vated) cetalyst. Another possible reason for the greater production of methane in
the case of the sprayed Raney nickel (unactivated) catalyst 1s that the poorer con-
tact between coal and catalyst resulted in less reforming of methane and other hydro-
carbons. Hydrogen production was also greater when the sprayed Raney nickel (unacti-
vated) catalyst was used than when Raney nickel (unactivated) was admixed with the
coal.

Effect of Temperature and Steam Rate

Gasification experiments similar to the standard tests were conducted in
unit A, except that the reaction temperatures were varied from 650° to 950° C and
steam rates used were 1.16 and 5.8 g/hr. The catalyst used was flame-sprayed
Raney nickel 65 pct activated. Also, tests were conducted at 750° C and 1.16 g/hr
steam rate with sprayed Raney nickel activated and charged wet and at 850° C, and
5.8 g/hr steam rate with sprayed Raney nickel unactivated.

Results of these experiments are presented in figures 2, 3, 4, 5, and 6,
where rates of production of methane, hydrogen, carbon monoxide, carbon gasifica-
tion, and production of total dry gas, respectively, are shown. At the temperatures
and steam rates shown in these figures, the presence of the sprayed Raney nickel
insert has resulted in a higher production of nearly all the major gases and in a
higher carbon gasification than that achieved without catalysts. One exception is
in the case of methane production with the activated sprayed Raney nickel at 850°
and 950° C for 5.8 g/hr steam rate (fig. 2), when methane production was greater
for the uncatalyzed reaction than for the catalyzed reaction. HoweVer, a 6-pct
increase in methane production was achieved at 850° C and 5.8 g/hr steam rate when
the unactivated sprayed Raney nickel was used as compared to when no catalyst was
used (fig. 2). The other exception is in the production-of carbon monoxide at 950° C
and 1.16 g/hr steam rate (fig. 4). In this case, carbon monoxide production was
5 pct lower for the catalyzed reaction than for the uncatalyzed reaction.

In general, effectiveness of the catalyst decreases as temperature 1s increased.
For example, the increases achieved in carbon gasification and in total gas produc-—
tion due to the use of catalyst became smaller as the reaction temperature increased
from 750° to 950° C (Figs. 5 and 6). In the 5.8 g/hr steam rate tests, the carbon
gasification rate at 750° C was increased by 0.017 g/hr/g coal charged for a 33-pct
increase, whereas at 950° C the increase in carbon gasification was negligible at
an increment of 0.001 g/hr/g coal charged. Similarly, total gas production was
increased 43 pct at 750° C and 10 pct at 950° C.
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As shown by the gas production and carbon gasification rates presented
in figures 2 through 6, for reaction temperatures of 750° C and higher, the
higher steam feed rate of 5.8 g/hr resulted in significantly higher production
rates over that achieved at the lower steam rate of 1.16 g/hr.

Repeated Use of Sprayed Raney Nickel Catalyst

To determine the stability of sprayed Raney nickel catalyst, a single insert
flame-sprayed with Raney nickel catalyst was subjected to four gasification tests
at 750° C, 300 psig, and a steam rate of 1.16 g/hr. The resulting gas production
rates are shown in fig. 7; also shown is the base case, with no catalyst inserted
in the bed.

Gas production rates presented in figure 7 indicate that the activity of the
sprayed Raney nickel catalyst insert decreased rapidly with use. The gas produc-
tion of the fourth test (17.8 hr service), was only about 10 pct greater than that
obtained when no catalyst was used. An extrapolation of the total gas production
rate as a function of accumulated service time on one catalyst insert indicates
that the catalyst insert would be completely ineffective after about 20 hrs of
operation. Considerable flaking-off of the catalyst is apparent; thus the need
is indicated for an effective bonding agent or alloying substance that will in-
crease the physical durability of the catalyst. Sulfur compounds gasified from
the coal are also suspected of poisoning the nickel catalyst and resulting in the
decline in activity with time.

Effect of Extent of Gasification Time

A series of tests were conducted to determine whether catalysts remain effec-
tive as the extent of gasification increases. Sprayed Raney nickel inserts and Ca0
powder were subjected to the standard test conditions of 850° C, 300 psig, 5.8 g/hr
steam rate but with gasification times varying from 2 to 8 hrs. The abridged re-
sults presented in table 6 show that although the overall rate of gasification de-
creases with extent of gasification or with the length of time of gasification,
the catalysts tested still generally increased the rate of carbon gasification,
and the rate of gas production, as indicated by CH, production, over that achieved
with no catalyst.

TABLE 6. - Effect of extent of gasification time ‘upon
overall effectiveness of catalyst

Unit A. - Temperature, 850° C, N flow, 2000 std cc/hr;
steam rate, 5.8 g/hr

CH4 production Carbon gasification

Gasification time, hr 2 6 2 6
Rates with no catalyst 53.3 cc/hr/g  28.6 cc/hr/g 0.087 g/hr/g 0.062 g/hr/g
Rates with Ca0 56.9 cc/hr/g  30.7 cc/hr/g .090 g/hr/g .062 g/hr/g
Increase due to Ca0 7 pct 7 pct 3 pct 0 pct
Rates with sprayed .

Raney nickel catalyst 70.9 cc/hr/g 38.3 cc/hr/g .093 g/hr/g  .063 g/hr/g
Increase due to Raney

nickel 33 pect 34 pct 7 pct 2 pct
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Effect of Residues from Catalytic Gasification

The catalytic effectiveness of ash residues (some contain either residual
KC1l or KyCO4) from total gasification operations were tested and compared with
the effectiveness of the fresh additive, KyC03 and KCl.

The gasification residues were prepared by nominally complete steam-gasifica-
tion of coal in a 1-in diameter electrically heated, vertically mounted stainless-
steel reactor. The coal charge consisted of 70 g of pretreated Bruceton coal plus
3.5 g of admixed catalyst; the charge was gasified at 950° to 970° C and atmospheric
pressure using a steam feed rate of 45 g/hr. ‘The preparatory gasification step was
stopped whenever the flow of dry product gas appeared to cease. Carbon and ash con-
tent of the pretreated coal and of residues after total gasification and residue
analyses are presented in table 7. The ash analyses show that ash from the cata-
lyzed coals contained significantly larger amounts of potassium than did the ash of
uncatalyzed coal.

In the standard screening tests conducted in unit A, the amount of residue ad-
mixed with the 10-g coal charge was one-seventh of the residue from the total gasi-
fication. Thus, a theoretical equivalent of 0.5 g of the original 3.5 g of catalyst
was charged with the coal in the standard screening test. Production rates obtained
in the standard screening tests are presented in table 8 for the case of plain pre-
treated coal, for the cases of addition of catalyst-free residue, pure K,C03 and KC1,
and for the addition of residues from the total gasification of the coals admixed
with K5CO3 and KCI.

The results of the tests on residues from total gasification of coal indicate
that potassium compounds, K,CO3 and KCL, in the residues retained most of their acti-
vity in increasing the production of methane, lost part of their capability of in-
creasing hydrogen production, and inhibited carbon monoxide production. The addition
of 1.14 g of catalyst-free residue had very little effect on either methane or total
gas production (experiment 220 vs 167).

Pilot-Plant Tests

Tests using additives mixed in the coal feed were conducted in the Bureau's
4-1in diameter Synthane gasifier system. In this system, coal is first decaked in
a fluidized-bed pretreater and then dropped into the fluidized-bed gasifier for

steam-oxygen gasification. The general operation has been described by Forney and
others (5).

Ranges of pretreater and gasifier conditions used in this series of tests were
as follows:

Pretreater Gasifier
Coal rate, 1b/hr 17.8 - 21.2 em——e ——
02 feed, scf/1b coal .31 - .37 2,12 - 3.4
N2 feed, scf/1b coal 5.4 - 6.2 ————- -—
Steam feed, scf/1b coal =  ———em —m——o 19.6 - 25.4
Av. temp., °C 388 515 907 =945

Pretreater and gasifier pressure was 40 atm.

12
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To alleviate operating difficulties in the pretreater due to unwanted steam
condensation, a nitrogen gas feed was substituted for the steam feed of the pre-
treater,

The coal feed was Illinois No. 6, River King Mine, 20 x O mesh size. Additives
used were hydrated lime and dolomite, and additive concentrations used in the coal
feed mixtures were 5 and 2 pct by weight, respectively. The analyses and sizes of
the additives were as follows:

Hydrated lime: minimum Ca0, 72 wt pct
minimum Mg0O, .05 wt pct
95 pct less than 325 mesh, and

Dolomite : CaC03, 55 wt pct
MgCO3, 44 wt pct
85 pct less than 100 mesh

Results

The effect of the additives upon the percent carbon gasified and percent steam
decomposed can be seen in figure 8 for gasification temperature in the 900° to 950° C
range. Addition of 5 pct of either hydrated lime or dolomite to the coal resulted in
significant increases in carbon gasified. The 5-pct hydrated lime addition resulted
in an increase in carbon gasified of about 29 pct at an average gasification tempera-
ture of 914° C. Addition of 5 pct dolomite gave a 20-pct increase in carbon gasified
at 945° C, These increases compare favorably with the 9-pct increase obtained in the
850° C bench-scale test list using 5-pct addition of hydrated lime.

The 2-pct addition of dolomite did not significantly increase the percent carbon
gasification.

Steam decomposition was not significantly increased by either dolomite or hydrat-
ed lime at the 2- and 5-pct levels, respectively.

The effect of the additive upon yileld of hydrogen and methane in the pilot-plant

unit is shown in figure 9. At an average gasification temperature of 914° C, addition
of 5 pct hydrated lime in the coal feed increased the hydrrgen yield approximatel;
30 pct from 6.25 to 8.1 scf/1b of moisture-and-ash-free coal feed. ‘A similar increase
of 17 pct was obtained by the use of 5 pct dolomite in the coal feed at 945° C average
gasification temperature. Such significant increases in hydrogen production were also
observed in the bench-scale tests.

The yield of methane was increased significantly by 25 pct at 914° C average gasi-
fication temperature through the addition of 5 pct hydrated lime. The use of 5 pct
dolomite at 945° C gasification temperature brought no significant increase in methane
yield. Failure of catalytic action to increase the yield of methane at the higher gas-
ification temperature (945° C) agrees with the general trend observed on bench-scale
tests--that the increase in gas yield due to catalyses decreases with increase in
temperature. ’ ’

The effect of additives upon the yield of carbon monoxide is shown in figure 10.
Addition of hydrated lime and dolomite at the 5-pct concentration levels brought re-
spective increases of 23 and 26 pct in yleld of carbon monoxide. Figure 11 shows simi-
lar increases in product gas yield (CO + Hz + CHg), for the same additions.
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Addition of dolomite at the 2-pct level failed to bring any significant in-
crease in ylelds of methane, hydrogen, or carbon monoxide.

Other results in pilot-plant operation due to the use of dolomite and hydrated
lime at the 2- and 5-pct concentration levels, respectively, are that higher peak
temperatures could be tolerated in the gasifier without incurring excessive sintering.
With no additive in the coal, if a local temperature in the gasifier exceeded 1000° C,
the operation generally would terminate because of excessive gintering or slagging of
the char ash. With the additives in the coal, local temperatures as high as 1045° C
were encountered with no adverse effect on operations. A similar elevation in sin
ing temperature induced by the addition of limestone to the feed coal 1s reported to
be a key feature of the high-temperature Winkler process (6).

SUMMARY AND CONCLUSIONS

The overall results of the bench-scale investigation suggest that the use of
suitable additives would improve the coal gasification reaction at elevated pressures.
In connection with possible benefits to the Synthane process for making high-Btu gas,
it appears that appropriate additives could significantly increase production of
methane and hydrogen in the gasification step.

The bench-scale study thus far has shown the following:

1. Alkali metal compounds and many other materials such as oxides of iron,
calcium, magnesium, and zinc significantly increase the rate of carbon gasification
and the production of desirable gases such as methane, hydrogen, and generally carbon
monoxide during steam-coal gasification at 850° C and 300 psig.

2. The greatest yleld of methane occurred with the use of an insert flame-
sprayed Raney nickel catalyst (unactivated), which has a limited life of activity.
Significant methane increase resulted from the addition of 5 pct by weight of LiCO3,
Pb304, Fej04, MgO, and many other materials.

3. The increased gasification resulted whether the extent of coal gasification
was small or great.

4, At temperatures above 750° C, catalytic effectiveness decreased with further
increase in temperature.

5. Residue from total gasification of coal mixed with potassium compounds still
contained a significant concentration of potassium (over 10 pct) and was effective as
an additive in increasing production of hydrogen and methane.

Operation of the 4-in diamoter Synthane piloi-plant gasifier at 40 atm pressure
and average temperature of up to 945° C with dolomite and hydrated lime additives at
5-pct concentration has increased product gas (CO + Hy + CHy) yield significantly and
has increased allowable operating temperatures.

16

e
i Simnicel

ey




REFERENCES
Vignon, L., "Water Gas,'" Ann. Chim. v. 15, 1921, pp. 42-60.

Neumann, B., C. Kroger, and E. Fingas., "Die Wasserdampfzerzetzung an Kohlen-
stoff mit Aktivierenden Zusatzen,'" (Steam Decomposition on Carbon with Activat-
ing Additives.) Zeitschrift fur anorg. und allgen. Chemie, Band 197, 1931,

pp. 321-338.

Kroger, C., and Gunter Melhorn, 'The Behavior of Activated Bituminous Coal and
Low-Temperature Carbonization and Gasification in a Current of Steam," Brenn-
stoff-Chem., v. 19, 1938, pp. 257-262. :

Kislykh, V.I., and N. V. Shishakov, "Catalytic Effect on Gasification in a
Fluidized Bed," Gaz. Prom. v. 5, No. 8, 1960, pp. 15-19.

Forney, A. J., W. P. Haynes, and R. C. Corey, '""The Present Status of the Synthane
Coal~to-Gas Process." 46th Annual Fall Meeting Society of Petrol. Engrs. of AIME,
Preprint - SPE 3586, Oct. 3-6, 1971.

Meraikib, M. and F. H. Franke, "Carbon Gasification by the High-Temperature
Winkler Process.' Chem. Eng. Tech. v. 42, 1970, pp. 834-36.

17




Mu

Itiple thermocouple
connector
N

Process \D/
gas :
—J
Ceramic catalyst
support and space
Silica gel fiter
drier
M
i |- Screen -
/ |charcoal "
] * -Catalyst sprayed
v TC | insert
. #
Capillary TC 26
—t # - Coal bed
X T3 - Screen
Furnace N Ceramic catalyst
support and space
Ly ! filter
Process saturator
gas flow
indicator
Back pressure
regulator
TC
7 |
Ice hath Lo
TC=thormoccoupls Bt P
: : <l U
Condenser-1—Y. '
trap * Gasometer
Figure | .—Apparatus for the catalytic gasification
of coal.

18

L-10298

P



Li Oor—T T T T T T 1

A ONo catalyst
e‘ 80} ASprayed Raney nickel, activated -]
Y & Sprayed Raney nickel, unoctivated
\ O Sprayed Raney nickel, charged wet
X 70— Water rate: —

o Solid line 5.8g/hr

= o .

Brok line 1.16g/h

\\ é ‘é’,GO%—' roken lin g/hr ]

z 2 A

e) (&)

58T N
b =
. ~
/ = 40L -
| 3

/__a\\

Yo O— N

z T 30~ O —

<3 O—

Q
i ES /A/,o/ o o— o—
k 7 20— o —
,l of- i
o) [ | | 1 I l

600 650 700 750 800 850 900 950 1000
COAL BED TEMPERATURE, °C

Figure 2-Effect of temperature upon methane production rate
using sprayed Raney nickel. Test conditions: pressure,

% 300 psig ; flow, 2,000 standard cc/hour N, ; woter,
|

5.8 and 1.i6 g/hour.

; 4-29-68 L-10556
19




HYDROGEN PRODUCTION RATE, standardcc/hr/g coal charged

50Q

400

300

200

100

0

S a N N N R

T [ | I 1 l l
O No cotalyst

& Sproyed Raney nickel, activated

A SproyedRoney nickel, unactivated

O SprayedRaney nickel, charged wet
Water rate:

Solid line 58¢q/hr
Brokenline |.16g/hr

/A/ﬁ;_:&

/ -
_ B

600 650 700 750 800 850 900 950 1,000

COAL BED TEMPERATURE, °C

Figure 3. —Effect of temperature upon specific production of

hydrogen, using sprayed Roney nickel. Test conditions:

woter, 58 and .16 g/ hour.

4-26-68 L-1055I
20

i RS N, VP UV U

Py S S, P




CARBON MONOXIDE PRODUCTION RATE,

standard cc/hr/g coal charged

200

150

100

50

0

— O SprayedRaney nickel, charged wet

T T ] ] T | |

ONo catolyst :
A Sproyed Roney nickel,activated

A Sprayed Roney nickel, unactivated

Water rote:
Solid line 58 g/ hr
Broken linel16g/hr

=

—A———-B: 1 L ] | ] ]

600 650 700 750 800 850 900 950 1,000

COAL BED TEMPERATURE, °C

Figure 4.-Effect of temperature upon carbon monoxide production rate

using sproyed Raney nickel. Test conditions: pressure, 300
psig; flow 2,000 standard cc/hour N, ;water,5.8and).16q/hr.

4-29-68 L-10552

21




-

I l l | l 1 T

ONo catalyst
A Sprayed Raney nickel, activated

A Sprayed Raney nickel, unactivated _
O SprayedRaney nickel,charged wet
Water rate: h— /

vy LIST

Solid line 5.8 g/hr
Broken line .16 g/hr

;6;-‘#
=

-
’//o/

I l l l | | |

0.18
BT =
o
o
=
o 14}
S
[]
© 2k
o
~
£ ol
~
o
- 08}
ud
g
r 06
g |
P
o 04
L
B
<
© 02—
Z
(@]

g 0
S 600

650 700 750 800 850 900 950
COAL BED TEMPERATURE, °C

1,000

Figure 5 .-Effect of temperature upon carbon gasification rate

using sprayed Raney nickel. Test conditions:

pressure, 300 psig ; flow, 2,000 standard cc/hr Ny

water, 5.8 and 1.16g/hr,

4-30-68 L-10555

22




TOTAL DRY GAS PRODUCTION RATE,

SO T T T T T 1 \
» O No catalyst

700 | ASprayedRaney nickel, activated
A Sprayed Raney nickel,unactivated
O SprayedRaney nickel,charged wet

600 — Water rate:
Solid line 5.8g/hr

500l— Broken line .16 g/hr

400

300 r

standard cc/hr/g coal charged

200r— L = s
T
O
100~ ) 24840/ —
0 I I 1 l l l

600 650 700 750 800 850 900 950 1000
COAL BED TEMPERATURE, °C

Figure 6 .~Effectof temperature upon total dry gas production rate using
sprayed Raney nickel. Test conditions: pressure,300psig,
flow 2,000 standard cc/hour N, ;, water, 5.8 and 1.16 g/ hour.

4-29-68 L-10553

23



TOTAL DRY GAS AND CONSTITUENT GAS PRODUCTION RATES, standard

1o I T — -
100} Total dry gas production rate |
S0} —
8or- ANa catalyst \O\“
70 i A ! 1

(8]
()
T

»
o
T

A1

I

ANo catatyst

1

o
o

(8]
(]

cc / hour/gram of coal charged

H
o
T

[T
o

A |No catalyst |

T

T
Hp production rate

40 T

—
c

T

Hq productian rate

30— -
O No catolyst (o)

~——
A L 1 1
20
5 10 15 20

CATALYST SERVICE TIME , hours

Figure 7.—Effect of catalyst service time upon gas production rates.

Test conditions: temperature, 750°C ;, flow, 2,000
stondard cc/hour Np and 116 g/hour water,

2-17-7}

24

4-25-68

L-10545

~ .
N i M e e o e M

PR W




- m— e ————

o
o
)
O
a
=
O
)
w
=)
b
<
w
-
0
14
o
o
bt
w
0
<
©
z
O
@
@
a
)

-
c
Q
(8]
L
(V]
Q

(o) l'\lo addmve b '
A 5% hydrated lime
5% dolomite
1001 o 2% dolomite ]
75+ a —
A
Carbon
o o0
50 —
25 Steam —
0 |

8735 900 925 950 975 1000
AVERAGE GASIFICATION TEMPERTURE, °C

Figure 8— Effect of additives on percent carbon
gasified and percent steam decomposition
in 4" synthone gasifier operating at 40 atm.

-13094

25



0 T l I T
o No additive
A 59 hydrated lime
9 ® 5% dolomite , .
o 2% dolomite
E
o 8’_ A ] ]
g Ha
"E 7+ u] —
O
[72]
s -
-
w
Do
< 5 .
o
= A CHa
< 4L o " ]
o
T o o
3+ —
2 | | | |
875 900 925 950 a7s lelele;

AVERAGE GASIFICATION TEMP'E'R"’ATURE, °C

Figure 9-Effect of additives on yield of hydro-
gen and methane in 4" synthane
gosifier operating at 40 atm.

- 13095

26




> ! L 1
) _ o No additive
’,V P A 5% hydrated lime
\ © 5| ® 5% dolomite _
) E o 2% dolomite ]
ﬁ . |
> 4 —
[ ]
(7]
3.
w 3 —
P
o
o
2 |

875 900 925 950 975
AVERAGE GASIFICATION TEMPERTURE, °C

Figure 10- Effect of additives on yield of
carbon monoxide in 4" synthane
gasifier operating at 40 atm.

- L-13096

27




©
o]
o 25 T |
S © No additive
€ A 5% hydrated lime
Ne) - o .
I 20 ® 5/,_}dolom|.'re _
"-3 o 2% 4dolom|'re
3‘ .
w15+ A —
~
0
g ‘
- 10 — ]
Q
S
o o
g s 1 L |
- 875 900 " 925 950 975

AVERA GE GASIFICATION TEMPERTURE®C

Flgure II— Effecf of oddmves on yield of

produc'r gas (CO+ H,+CHg)in
4" synthdne gasifier operating

P et 40 aim. - 13097

28



