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The trend of carbon gasified and rate of gas production with combustion-space
temperature at constant water-lignite ratic is similar regardless of the time se-
quence of the data. In the single instance in which the results indicate rate of
gas production to decrease with increase in combustion-space temperature {fig. 8),
the test periods at lower temperatures were made last, so that the observed effect
could not be caused by a trend to buildup of ash deposits with time,

Tn run 14, water-lignite ratioc was the main variable affecting gasification
rate. In obtaining the data of run 14, the complete sequence at the lowest water-
lignite ratio was obtained first, then the sequence at the second ratic, etec. Thus
the test periods most widely separated in time also involve a change in water-1lig-
nite ratio. The larpe effect of water-lignite ratio does not permit evaluation of
any secondary effects that may be present in comparing results from the most widely
separated test periods in run l4.

Runs 15 and 16

The specific objective of these two rums was to evaluate gasification character-
igtice of the continuous annulus arrangement of the gasification retort for compari-
son with data previously obtained from opetation with the divided annulus. Data
were obtained over a range of values of lignite feed rate, steam feed rate, and tem-
perature distribution along the length of the combustion space, Run 15 was termi-
nated after 466 hours of operation when the lignite elevator failed. Run 16 was
completed on schedule after 637 hours of operation., Experiments during run 15 and
the first seven test periods of run 16 were made 2as usual with Dakota Star lignite.
Baukol-Nocnan lignite, obtained from the University of North Dakota power plant,
was used during the last five test periods of Tun 16.

Influence of Liznite Feed Rate on Gasification Using Continuous Annulus

Data on tests run with the continuous annulus arrangement at constant tempera=
rure distribution in the heating space and constant water-lignite ratio but varying
lignite feed rates are presanted in cable 9. The test periods are divided into four
series, each at a fixed combustion-space-temperature distribution. Tn each of these
series, lignite was charged to the retort at approximately the same 3 feed rates -
nominally 450, 550, and 650 pounds of natural lignite per hour. Water-lignite ratio
was maintained approximately coanstant throughout the series of tests at 1.5 to 1.6
pounds of total water available per pound of m.a.f. lignite.

In general, data of tahble 9 show the same type of relationship of gasification
characteristics to lignite feed rate as was observed in previous comparable tests
with the divided anmulus arrangement (3). An increase in lignite feed rate - at
constant water-lignite ratio and combustion-space temperatures - caused a decrease
in the percent of added carbon that was gasified., However, the decrease in percent
carbon gasified was in all cases lass than proportionate to the increase in lignite
feed rate, so that the overall rate of gas production showed an increase. This ino-
dicatas that the initial fractioas of carbon in the lignite are gasified more
easily than subsequent poxtions. This would be expected, since the first phase of
gasification presumably consists of release of volatiles and tar, which are released
relatively readily., In normal operation these volatilas are further cracked with
steam in passing down through the remainder of the retort.
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Temperatures at measuvrement locations along the iuner tube of the gasification
retort also dropped as lignite feed rate was Increased (table 9). Lignite near the
inner wall is farthest from the main heat source. At higher feed rates, the lignite
moved down through the retort more rapidly and was at a lower temperature at any one
of the fixed measurement positions.

In figure 10 data on percent carbon gasified, hourly gas production, and Hp-CO -
ratio of the product gas as funetions of lignite feed rate are plotted and cempared %
for the divided and continuous annulus arrangements of the gasification retort. All
the data of Ligure 10 were obtained at the same combustion-space-temperature dis-
tribution. Total water available was approximately comstant at 1.5 te 1.6 pounds
per pound of m.a.f. lignite., Data for the continucus annulus arrangement are from
periods 13-A to 15-C (table 9). Most of the data on the divided annulus are from
run 11, periods 1l-A through 11-E. Additional data are given for 3 test periuvds
(13-H, 13-F, 13-N) in run 13 and 1 test period (14-E) in ruan 14, which were wmadc
at the same combusticn-space temperatures and within the same range of water-
lignite ratios.

In general, the results are similar for the two design modifications within the
apparent precision of Lhe experiments. As feed rate is increased, carbon gasified
and rate of gas production tend to be higher for the continuous annulus than [or the
divided annulus. H;-CO ratios for the divided annulus, including results of test
periods from thrce separate runs, show considerable scatter but appear to be in the
same range as the results for the continuous annulus. Ratios are about the same
despite the fact that in the divided anmulus arrangemeant from one-half to three-
fourths of the process steam was fed to the bottom of the retort, so that steasm con-
centrations in the upper part of the retort were substantially less than in the con-
tinuous annulus arrangement. This suggests that in the divided asnnulus arrangement
steam from the lower reaction zone participates in "shifting" composition of gas
from the upper reaction zune as the twe gas streams meet near the zas offtake,

Influence of Water-Lignite Ratio on Gasification Using Continuous Annclus

In figure 11, data are given for a series of five test periods (15-C through
15-G) at approximately the same lignite feed rate and combustion-space temperatures,
but with varying rates of addition of process steam., Liznite feed rate for the 5
tests was equal to 615 % 23 pounds of natural lignite per hour. Process cteam was
added at a series of rates up to a maximum of 250 pounds per hour, corresponding to
a ratio of total water avallable to m.a.f. lignite of 1.55.

The general trend of the results is similar to that observed in previous tests
(run 14) with the divided annulus at the same combustion-space temperatures but at
somewhat lower lignlte feed rate. Tests with the continuous annulus were in a com-
paratively low range of water-lignite ratios, and one test of the series was made
without adding pxocess steam. Within the precision of the data, slupes of the best
strajght lines for carbon gasified and rate of gas production versus water-lignite
ratio are about two-thirds greater than was found in run 14 for the divided anmulus
at water-iignite ratios of 1,35 to 2.65 and a nominal lignite feed rate of 5900
pounds per hour.

During rum 13 the gasifier was opexated for two test periods without adding
process steam. Data for one of the test periods are plotted im figure 1l as part
of the series at various water-lignite ratios and at a nominal lignite feed rate
of 600 pounds per hour. Lignite feed rate for the other test period without addi-
tion of process stcam was about 10 percent higher. The same combustion-space-tem-
perature distribution was used, '
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Data for both of these test periods are listed and compared in table 10. Trends
in the variables are about as expected within the ncrmal precision of the data. Per-~
cent carbon gasified 1s approximately the same for the two test periods, although
this trend obviously could not continue over wider ranges of lignite feed rate. Gas
yield increased about in proportion to increase in lignite feed rate, Hp-CO ratic
of the product gas was slightly higher at the higher feed rate,

TABLE 10. - Operation of continuous annulus arrangement without
addition of process steam

Run and perdod (iiiiiii ettt it st ai sttt st st 15-G 15-H
Combustion space temperatures, °F,:

Thermocouple No, 1 iy, et riiviisnearartacirsnsenavansvassrsaad 1,924 1,927
e et aaaaeraresismasmsasasamsanennananan 1,848 1,851
A B v £ 3] 1,750
B i ureiear e s ras et nesansaanraaan | 1,599 1,600

ILignite Tfeed rate:
As charged ...t r et a i aaa e wees 1b/he. Lol 591 668
L T R - ¥ 3 15 < [ T 351 383
Total water available:
Lb/1b. m.a.f. lignitel/ ........... e e 0.83 0.87
Gas made:
M UL FE. 2/ DT MOUT L iiuteinrnieienresessrisorenassrasisonennones 8.7 9.5
M cu.ft.2/ per ton of m.a.f. lignite ...c.i.ieininrennnceneanan - 40.3 40.2
H2-CO ratio of product a5 v.iie.eerinressronrsosaroneeroveesaccssos 2,06 2.36
Carbon gasified ...... . . iiisiniiisiicvevere ... percent ..., 47.7 47.2
Inner tube wall temperatures, °F.:
Thermocouplegf A it i e rreeaamr et aenae fem e caaa 1,208 1,150
P (S 1 1,106
3 I 9 ¢ (48] 844
T i saatssarossantosnansassssasanrasarnsnaonananns 718 624
L f i e auas a4 escbueasisssmerecsesens 619 333

1/ Water equivalent to total oxygen in the lignite, calculated from the
ultimate analwvsisz.
2/ OCas volume, 60° F., 30 inches Hg, dry.
3/ vbistance from bottom of heated space, ft,:
' A-1.31, B - 3.3, D - 7.31, F - 11,31, ¢ - 13,31

Comparison of Gasification Characteristics of Two Lignites

Dakota Star lignite was used for all test periods in runs 14 and 15 and run 16
through period 16-G. In the latter part of rum 16, a scries of test periods was run
on zasification of lignite from the Baukol-Noonan mine, Noonan, N. Dak,

_ In figure 12 carbon gasified, hourly gas production, and Hp-CO ratio of the
PfﬂdUCt gas of Dakota Star and Baukol-Noonan lignite are compared as a function of
lignite feed rate. All data of figure 12 were obtained at a single combustion-
Space-temperature distribution and at approximately Lhe same water-lignite ratio.
}Test Pexriods included are 16-D to 16-F for Daketa Star lignite and 16-1 to 16-K
for Baukol-Wooman 1ignire.

At a given lignite feed rate, the results plotted in figure 12 indicate that
;EﬁrCant carbon gasified and rate of gas production were 8 to 12 percent lower for
1€ test periods with Baukol-Foonan lignite than for those with Dakota Star lignite,
H12~C0 ratio of the product gas was higher for tests with Baukol-Novnman lignite, as
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a result of the lower volume of dry gas made and the higher steam concentrations in
the total gas leaving the retort.

In figure 13, temperatures along the inner wall of the gasification retort are
plotted and compared for the same two series of test periods with Daketa Star and
Baukol-Noonan lignite, Inner tube temperatures at all points of measurement were
lower for tests with Baukol-Noonan lignite, MHigh percent gasification 1is indicated
to correspond to high inner tube temperatures under otherwise comparable experimecn-
tal conditions; that is, constant lignite feed rate, water to lignite ratic, and
combustion-space-temperature distribution.

Differences in gasification charactexistics evidently could be the result of
fundamental differences in relative reaction rate between the two lignites tasted.
The results of figures 12 and 13 suggest clearly, however, that restriction on heat
transfer rather than differences in reaction rate was the predominant factor detex-
mining gasification characteristics. If heat tyansfer characteristics werc equal
and the only differences were in reaction rate, a higher temperature gradient across
the retort - and therefore a lower temperature at the inner wall - should be found
for the lignite with the higher reactivity, since the gasification reactions are
endothermic., Actually the higher overall rates of reaction correspond to higher
temperatures at the innmer wall, indicating heat transfer, not reactivity differ-
ences, to be the controlling phenomenon.

Differences in heat transfer may have been caused by differcnces in size dis-
tribution of the two lignites tested. Average size was about 12 percent lower for
the Baukol-Noonan lignite for the tesl periods compared. Another factor previously
considered, which could also affect heat transfer rate, is ash bujildup on the inside
of the alloy tube.

Most of the gasification data of rumns 15 and 16 show no evidence of the re-
striction of operating capacity with time that would be expected from increase in
ash deposits. In run 15, the large effect of change in wates-lignite ratio pre-
dominates for most test periods, making it difficult to evaluate secondary factors.
Run 15 was terminated because of mechanical failure in the lignite feed system.

A relatively large amount of ash was collected from the alloy tube wall after run
15 (table 8); howaver, this is believed to be due in part to several hours’' heating
of the pasifier at the end of the run at zero rate of char discharge while attempts
were made to repalr the lignite feed system, Intercomparison of data for runs 15
and 16 (rable 9) shows that gasification rate [Lor periods 16-D to 16-F was compar-
able to rate in perfods 15-A to 15-C, although slightly higher combustion-space
temperatures were used in porieds 15-A to 15-C, On the basis of this comparison,
there is no evidence of decline in capacity with time in run 16 up to period 16-F.

There is the possibility, however, that further heat transfer restriction by
ash deposit formation may have cccurred in the lakter part of run 16, perieds 16-H
through 16-1., because of the relatively low ash-fusion temperature of the second
lignite tested. The possible effect of ash-fusion temperature on ash deposition
is considered further in discusseing results for gasification of seven different
lignites 1n run 17.

Run 17

) Lignite from sevea different mines was gasified in run 17. Mine locaticns were
1;5ted in a pr?vious srection Experimental Conditions and Objectives of Test Ruas and
t‘e shown in figure 3. Data on proximate and ultimate analysis and size distribu-~

icn of the lignites are given in tables 1 and 2.
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Each of the lignites was charged to the gasifier at 2 feed rates, nominally 430
and 550 pounds per hour. Lignite feed rate for individual test periods was main-
tained within 7 percent of the preselected rate at 450 and within 4 percent at 550
pounds per heur,

A single combustion-space-temperature distribution was maintained throughout
run 17 as folloys:

Thermocouple NWo. 1 2 4
Temp., °F. 1,925 1,500 1,600

Variation in Lemperature at these three mcasurement points for individual test peri-
ods was negligible { £ 3° ¥.). Rate of addition of process steam to the retort was
adjusted for change in lignite wmoisture content and feed rale to maintain an approxi-
mately constant water to lignite ratio for all test periods, Watcr-lignite ratlo was
held within the range 1.5 to 1.7 pounds of total water. available per pound of m.a.f.
lignite.

Run 17 was terminated on completion of the scheduled test program after a total
of 974 hours of continucus operation, This £inal run of the series was the longest

pericd of continucus operation ever carried out with the annular-retort gasifier,

Comparison of Gasification of Eight Lignites

Principal experimental data and results for gasification uf the seven lignites
tested during run 17 are summarized in table 11. Also listed in table 11 are data
for gasificarion of Dakota Star lignite at similar lignite feed rates, combustion-
space-temperature distribution, and water-lignite ratio during the first two test
perteds of run 16.

Comparisen of gasification results of table 11 shows a wide variarion in carbon
gasified and rate of gas production at each of the two levels of lignite feed rate.
For the serics of Lest periods at a nominal lignite feed rate of 430 ( %+ 33 ) pounds
per hour, rate of gas production varied from 8.2 to 13.1 M cu. ft. per hour and cax-
bon gasified varied from 66.5 to 86.4 percent. For test periods at a neminal lignite
feed rate of 550 ( % 21 ) pounds pex hour, rate of gas production varied from 9.3 te
14,1 M cu, ft. per hour and carbon gasified from 58.2 to 79.4 percent,

It is evident that differences in rate of gas production for the test perieds
listed in tabie 11 were far larger than could result from change of lignite feed rate
in the two test series, The differences are also far larger than would be expected
-from the relatively small variation in water-lignite ratio during the two test
Series, on the basis of correlations previously developed (figs. 7 and 11).

Eﬁﬁ%&g_gﬁ Heat Transfer on Casification Characteristics

. Analysfs of the data indicates that the factors affecting change in gasifica-
Yfion rate are probably complex. However, as was the case in the comparison of two

zignites in run 16, the main differences appear to be those associated with heat
Tangfar,
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