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Composition of Product Gas

Rates of gas gencration during runs 14 through 17 varied from 8.2 to 14.3 M cu,
fr. per hour, the actual production rate depending upon experimental conditions.
H2-C0 ratio of the product gas varied from 2.06 ro 4.64, Gas composition data for
selected H2-CO ratios covering the range produced are summarized fn table 5., Percent
hydrogen in the gas varied relatively little; most of the change in Hy-CO ratio re-
sulted from a shift in concentration of carbon monoxide. Concentration of carbon
dioxide increased and that of methane decreased with increasing ratio. Ethane wasg
present only in very small percentages. As a result of the increase in carbon diox-
ide and decrease in methane cencentration, the heating value of the gas decreased
with increasing ratio, Gas compositions obtained during these runs were similar at
corresponding ratios to those previously reported (4, 2.

TABLE 53, - Iypical analvses of product gas at various
hydrogen-carbon monoxide ratrios

Runt and period I, 15-6| 14-E| 14-07 16-g
Ratio: H3-CO Tttt ssati i aaaaas | 2,061 3,02 4,12 484
Component, percent:lf
co T T 26.8 19.0 14,5 13,0
Hy Tttt | 55,3 ] 5704 se.8| 60.3
€Oy R T I T 12,5 18.2 21,9 22.9
CHy, R L T S 4.5 3.9 3.0 2.8
CgHs 0,1 0.1 0.1 0.3
Illuminants T .3 G.2 0.2 0.2
X5 T e e e e e i e araan e 0.5 0.5 0.5 0.5
Specific gravity {calc.) Trerrasesceaeiiasaneaianaaaaas | 0,522 10,544 1 0,543 ] 0,545
Cross heating value (calc.), Bt U /e ft. vivnnennnnn, 313 288 273 271

1/ Air and purge gas free; nitrogen from lignite taken as 0.5 percent,

Sulfur content of the product gas ranged from 22 to 248 grains per 100 cubic
feet, of which approximately 2 grains per 100 cubic feet was arganic sulfur and the
Test hydrogen sulfide. Actual percentages of sulfur transferred to gas from lignite
depended upon experimental conditiogns and original sulfur content of lignite, Data
for sulfur concentration in product gas did not reveal any significant variation with
retort design (divided versus continuous annulus). As discussed in a previous prog-
ress report (3), sulfur balances onm the externally heated gasifier tend to be erra-
tic, probably because of difficulties in analyzing the high ash-gasifieation residua,
Sulfur balanccs in runs 14 through 17 continued to fluctuate widely despite improve-
Ment in total material balances.

Concentration of tar vapor in the product gas after the water scrubber, deter-
@ined by passing a measured volume of scrubbed gas through a tared packed tube, was
about 0,03 pound per 100 cu. ft, of gas. Siightly lees tar vapor was found when
the continmous annulus arrangement was used,

Gasification Residue

Composition and size distribution of the residue or char that was discharged
Continuoysiy during gasifier operation varied considergbly, depending primarily upon
the percent of carbon gasified, as discussed in previous reports (3, 4). Tables 6
and 7 present proximate and ultimate analyses and size distribution of the residue
for the game test periods for which corresponding dara on the lignite feed were
8lven 1p tahles 1 and 2,
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Results from conventionmal ultimate analysis of gasification residues frequently
show a sum of constituents exceeding 100 percent, owing chiefly to sulfur retention
in the ash, as discussed in an earlier report (4). Oxygen is retained with the sul-
fur in the form of sulfate., Sulfur Iin the ash was determined for each test and is
given in table & {sulfur reported as 503). It is evident that most of the sulfur in
the original residue was rctained In the ash on ignitien.

Ash Deposits on Retort Tube

In all runs, in addition to residue removed continucusly at the bottem of the
retort, there was some buildup of ash daposits on the inner wall of the alleoy tube,
These ash deposits were removed completely and waighed at the end of each Tun. The
quantity of ash collected from the inner wall of the alloy tube at the end of rums

o

14, 13, 16, and 17 is showm in table &.

TABLE &. - Weight. ol ash deposits ceollected from inner wall of 310-zlloy tube

Residue discharged
continuously during i Asgh collected
gasifier operation, Total hours | from tube wall,l/
Bun Ko, pounds of operation pounds

L it . 60,800 802 52

159 ciiiii it . 48,400 466 71

16 cueineon.. Ceaereraradna 53,300 637 36

Y T T R R 74,500 074 109

1/ Tube-wall deposits removed aud weighed at end of each run.

Probable influence of tube-wall ash depusits on gasifier opcoraticn is consid-
ered under discussion of results for the individual runs.

Material and Heat Balances

Complete date on material and heat balances for individual pericds of runs 14
through 17 are tabulated in the Appendix, Data from representative periods of each
run are presented in figures 4 and 5,

For the plot of representative data on material entering and leaving the gasi-
[ication retert, figure 4, three parlods were selected from each of runs 14 through
17. Results for these periods represent the highest, medium, and the lowest re-
covery obtained in each run. The weight of cach individual component varied to
some exteat, depending upon experimental conditions. Generally, the percentage
accounted for as material leaving the gasifier ranged from 93.3 to 100.7 percent
of the entering material, with an average recovery of 97.7.

Heat balances at a series of Hy-CO0 ratiocs of the product gas are presented in
figure 5. The heat required for external heating of the gasifier ranged from about
28 to 31 percent of the total heat input. Efficiency of the process calculared on
the basis of potential heatr im product gas and discharged residue was from 73.5 to
77.5 percent, which-is in the range previously reported for natural lignite (3).
Comparative data indicate that arrangement of the annular reaction space had no
significant affect on thermel efficiency. Radiation, couvection and unaccuunted
for losses were generally slightly higher than those previously reportad (3).
Convection losses were influenced by time of operation of the ventileting system
in the pilot-plant building.
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Thermal Requirements

As in previous runs, results of runs 14 through 17 indicate that thermal re-
quirements for gasification varied over 2 relatively narrow range, despite wide
variation in gasifier operating conditions. Data on thermal requirements for in-
dividual tests in runs 14 through 17, expressced as net B.t.u. released in the ex-
ternal heating furnace per standard cubic foot of dry gas made, are given in table
16, Appendix. Limits of variation were from 115 to 156 B.t.u. per cu. LE. A gen-
eral correlaticn of rate of gas generation as a function of heat-release rate, in-
cluding data from runs 14 through 17 and from carlier gasification tests, is pre-
gsented in Secticn ITL of this report Correlating Methods for Overall Gasification
Data.

Run 14
The divided annulus arrangement of the gasification retort was used in run l4.

In this run, rate of addition of process steam and temperature distxibution in
the combustion space were varied at a single, approximately constant lignite feed
rate of 500 (& 18) pounds per hour. The test schedule included 15 tests covering 3
steam feed rates and 5 combustion-space-temperature distributionms, The schedule
was designed to permit the separate evaluation of the effeet of these two variables
combustion-space-temperature distribution and stcam feed rate - on gasifier opera-
tion. Gasifier and auxiliary equipment were operated for a total of 802 hours
during rvn 4. The plant was voluntarily shut down for inspection upon completion
of the scheduled test program,

Influence of Water-Lignite Ratio on Gasification Using Divided Annulus

Results of experiments at various ratios of total water-lignite are correlated
in figures 6 and 7. In additiom to process steam, total water available” includes
wvater equivalent to total oxygen in the lignite, as charged, calculated from the
ultimate analysis. Water eguivalent to total oxygen was relatively constant at
from 0,83 to 0.88 pound per pound of m.a.f. lignite.

Data were ohtained at five separate combustion-space-temperature distributiens,
as indicated on figures 6 and 7.

Four dependent variables characterizing gasifier performance are plotted in
figures 6 and 7, as follows: Percent carbon gasified, H2-CO ratio of product gas,
Tate of gas production, and rate of heat transfer through the externally heated wall
of the gasification retort.

Heat transfer data were obtained by a heat balance method involving differenccs
between large quantities, and the resulting heat transfer rates were, in gencral,
Telatively unsatisfactory in precision. However, the data in this series appear to
be internally comsistent and are presented as an indication of order of magnitude
&nd general trend of heat transfer rate,

Data of figures 6 and 7 show that each of the four variables increased with in-
Crease in water-lignite ratic. The general trend with water=lignite ratio is simi-
lar at cach combustion-space-temperature distribution. As would be expected, maxi-
Mum percent carhon gasified and highest rate of gas production were obtained at the
highest water-lignite ratic and highest combustion-space temperatures.




26

§¥9 1DNOOWE 40 OILYH 00-2H

"Sn|NUUD PaplAlp “1aieu
-0iod SO uolNGIYSIp ainypiaduwey-eo0ds-uoiisngquiod ‘sofb jonpoid o

o101 OU.NI pup paijisnb UOGIDD UO B(GU|IDAD JADA [DJO} jO SJUBA U] - *g 2inbi4

FLINDIT  A3Hd - HEY  ONY I.uﬂn.-._.ﬂ_.&- A0 OHNAGd k3d S0OWNDs ‘' FTE¥YHVAY HZLivM ¥LlOL
[ L og %1 mr oE B2z &2 Bl Ll oE o2 o2 1) ol oe T o' T ol e e o ol @1
9E ™ 7 I
ot -] — : —
s
\u‘ \.. \ﬁ
e - % R \._..\ - N I
v A
; 7 vl il
o A \ - \ I — ..
A VA
q\ xn\
- . o # i
[3]
a
/ o
' Q\‘
agdl » [+ [ r Dol ¥ noe| F o 1]
BERI 2 o5aL 2 coal z o5l z oSkl z
sz8 3 ; DeFI 1 ol 1 ard 1 oail ]
PR TN NjdmcawMliqL T cdwel OGN MenosawIaL . a2, Wi oM apratowaeni e vdwal TR LT o, dwnl Tk WEeaoL L
. L . R
sobk onpoud
o sod 09-FH  ————
—_——
anay rad ajubp pingou G0 spunad GG PaiioD Uogsan
Ti64 FFEy FIUBH [DUIWER 483037

[ag. ]

of

S

e

CQINAEYT NABHTD

ANIOHAL



27

L4 'D5-yiod H3d nye "HIASNYEL LT3 40 vy

9

FE I an z?nno!:gn

o
/]
_E
N
L

"SNNUMD papIAlp “Jajswntod sp
uoNnq ISP uLEEanEu_.ouuum.ca:m:ﬁ_Enu ‘1ajsuoyy joay Jo ejny
PUa uoponperd sob O 3401 U0 BJGD|I0AD tBynM jeio) jo aouan|qu) - i E_._m_m

ALINDYT FINS - MEY  aNy - AHNLSIOR 40 OMNDd  H3g Eawnpg ¢ INev Ay HILym AvLoL

W&D _ e
1 zt]

[ | ] [
2 SR 2 '
| o*a__ 1

‘BN W [AiDM0w ey ) FN ui-» BN Brdnesowey)

AHITAIL Jaey e moy ——g
ugjanposd wod o MO e

'l

——
I wpdravow ey

Aney Jad pipuly mungoe M Epuncd pog

D) pRE; BBy LI L EL Y-l

AUDHNOM ¥3d La N W "HOILOMMUNY Sva



28

The range over which water-~liznite ratio was varied at each combustion-space-
temperature distribution was from about 1.55 to 2.65 pounds of total water available
per pound of m.a.f. lignite., In general, an increase in water-iignite ratio from
1.55 to 2.65, or about 70 percent, increcased the carbon gasified and the rate of
gas production by 20 to 30 percent. The data show an approximate straight-line re-
lationship of parcent carbon gasified and rate of gas production to water-lignite
ratio in the range investigated, although this relationship obviously could not con-
tinue at higher water-lignite ratios, with lignite feed rate held constant. Maximun
percent carbon gasified under the operating conditions investigated was 76 percent.

Extrapolation of the curves back to 0.85 pound of water per pound of m.a.f.
lignite - corresponding to water available from the lignite with no addition of
process steam - indicates that carbon gasified without steam addition would be about
57 percent at the highest combustion-space temperatures.

Ho-CO ratio of the product gas also increased rapidly with increase in water-
lignite ratio. At the highest combustion-space temperatures, Hp-CO ratio increaased
from 3.0 to 4.2 with increase in water-lignite ratio from 1.55 to 2.65, Concentra-
tions of unreacted steam in the total gas leaving Lhe retort increased simultane-
ously. The increase in Hy-CO ratic evidently was caused by the increascd concentra-
tions of steam in the total gas passing through the retort by the mechanism of the
water-zas shift reaction.

Although the percent carbon gasified increased significantly with increase in
water-lignite ratic, the largest proportion of the total water gvailable passed
through uareacted at the higher rates of steam addition. Steam in the total product
gas increased from 48 percent of the total water available at a water-lignite ratio
of 1.55 to 60 percent at a water-lignite ratio of 2.65. At a water-lignite ratio
of 2.65, steam in the total gas leaving the retort was equal to approximately 80
percent of the volume of dry gas generated,

At the lower water-lignite ratios, the amount of unreacted steam in the total
product gas exceeded the process steam fed to the retort. At a water-lignite ratio
of 2.65, the amount of steam Ln the total product gas was equal to 87 to 90 percent
of the process steam fed to the retort.

To summarize: In the range of operating conditions investigated, increase in
the feed rate of process steam caused a significant increase in the percent carbon
gagified and the rate of gas generation. However, most of the total water available
passed through the retort unreacted. Increasing concentraticns of steam in the
total gas passing through the retort altered the gas composition and increased
Hy-CO ratio by water-gas shift,

Influence of Combustion Space Temperatures on Gasification Using Divided Annulus

within the range of conditions used in this series of erperiments, the effect
of combustion-space temperatures on gasification was comsiderably less than the
effect of steam feed rate. To indicate more clearly the effect of combustion-space
temperature on the main dependent variables, the data of fipures & and 7 are re-
plotted in figure 8 with combustion-space temperature as the independent variable
and water-lignite ratio as the parameter.

Percent carbon gasified and gas-production rates generally increased with in-
creasing combustion-space temperatures. A temperature increase at thermocouple Z
seemed to have more effect on percent carbon gasified than an increase at
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thermocouple 1. Thermocouple 1 is opposite the lower reaction zone of the divided
annulus arrangement (sce figs. 1 and 2). 1In this lower zone residual carbom in the
char descending from the upper portion of the retort is gasified with steam fed at
the bottom of the retort. Thermocouple 2 is opposite the upper reaction zone, where
steam and gas generated from the lignite, as charged, are passing downward toward
the gas vfftake,

Changes of the variables with combustion-space temperaturc are relatively small
and show discrepancies. Hourly gas production rates do not necegsarily follow car-
bon conversion closely, in part becanse of small variations in the liznite feed
rate,

Hy~CO ratio of the product gas decrcased slowly with Increase in combustion-
Space temperature at approximately constant water-lignite feed ratio. This trend
may be explained by the gradual change in water-gas shift equilibrium constant
with temperature, as well as the lowcr concentration of steam in the gas ocwing to
increased gasification,

On the whole, the influence of combustion gpace {empevature on carbon gasifi-
cation and rate of pas production, as shown by the data in figure 8, is perhape less
than would be expected, The data appear to indicate that not a great deal of ad-
vantage would be gained by increasing these temperatures within reasonable limits.
The highest combustion space temperatures used in this series of experiments are
close to the maximum temperakbures that have been considered acceptable for use in
the long-term experimental program for derermining useful 1ife of the alley reaction
tube. The data on temperature dependence may reflect in part the unsatisfactory
nature of combustion-space temperature as a variable in examining effeet of rela-
tively small changes and the failure of this temperature to represent accuralely
changes in temperature within the gasification retort.

Changes in Composition of Gasification Residue and Attaclment of Ash Deposits

To obtain additiomal information on possible [luctuation in composition of the
residue or char discharged from the gasifier during a stabilized test period, 14
samples were collected at 2-hour intervals, Twelve sanples were taken during period
14-F and one samplc each at the end and beginning of preceding and following transi-
tion periods. Fluctuation of ash and sulfur contents of the individual samples is
shown in figure 9. The weighted averdage of ash content was 40,2 percent, whereas
the usual composite sampla, prepared from individual samples representing 3 percent
of the net weight of ecach char container, showed an ash content of 39.3 percent.
Results of this investigation indicated that the established procedure for obtain-
ing representative char samples from a stabilized period was satisfactory despite
erratic composition of residue at intervals during the test period.

As discussed in & previous report (3), the obsarved [luctuations im ash content
of the gasification residus during a stabfilized test period can be explained by con-
sidering that layers of ash that are formed ar the cxiernally heated wall of the
gasification retort occasionally break loose and are discharged with the residue,
increasing its ash content, During the following buildup period the ash content
of residue would then be lower.

Data of run 14 were also examined for pussible changes in gasifiration results
with time, caused by a trend te permanent buildup of ash deposits (see table 8).
Within the precision of the data, no such effect is observable in the results of
run 14.
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