Each test period of approximately 24 hours was preceded by a preliminary or

" yransition period, also of 24 hours. The sctual time of these periods was not con-
© gtant, depending on the cutolf time, bubt was never shorter than 20 hours. During

: test pericds, the only chenges mede were slight adjustments to maintain the selected
conditions.

Since sll instruments wers maintzined in good operating condition and were, vhen
. possible, carefully calibrated before cach run, their accurecy was believed to be
within the generally saccepted limits for each instrument.

TEST RUINS, CPERATINC CONDITIONS, AND LIGNITE GASIFIED
Bun 10

The retort was blown into operation at 4 p.m., January 17, 1949, and the heeting
system was shif'ted from city gas to product gas sbout 33 hours later, Ezperimental
conditions werce sct for the first stabllization period, snd ettemphs were made to
bring the wnit into halance. Erratic performence resulbed with marked fluctustien in
gas flow, static pressures, and temperatures, At 9:00 p.m. on Januwary 19, the rate
" of ges production dropped sharply from spuroximetely 12,000 to 9,000 cublc feet per
hour; the pressure in the combustion space Increased repidly end could not be con-

. trolled by opening the stack damper. The temperature of the P.0.C.-primery air
mixture lesving the recuperator increased from 1,300° to 1,600° F,, end the tempers-
ture of the P.0.C. leaving the recuperator to the cxheust fan went from 9069 to more
“then 1,000° F, The temperature of the P,0.C. at the outlet of the [urnace advanced
“from 1,300° to 2,0¢0° F, within 9 minutes, whereas the temperatures in the combustion
spece remgined low. Thesc observations Indicated thaet the cast allay tube must have
broken in the upper section, giving the product ges direct access to the combustion
gpace. Emergency procedure was put into effect, and the plant was rapidly shutdown.

When the Inner itube wes renoved, a horizontal crsck wes discovered rumning slong

the circumferential weld seam 5 feet, 8 inches from the flanged end of the cast-alloy

tube. Approximately 128 inches of the 150-inch weld hed separated, the 2 sections of

tke tube being held together by only 22 inches of intect weld. More detailed informa-
tion vcorncerning the inspection of the tube may be foumd in the section on behavier of

the various tubes.

Owing to the failure of the cuast tube, run 10 lasted only 53 hours without
Ateady-state conditions being reached; consequently, no testing period could be sstab-
lished. Approximastely 253,000 cubic feet of gzs was made during gasificetion of 12,000
pounde of natural lignite.

Before the HE-vast alloy tube cracked, the erratiec behavior of the gas generator
was similar to that of um 9, when actusl bridging or hangup of the charge occurred.
However, 1t is belijeved thet hangup as such did not teke place during run 10, becsause
before the run, tests were made in which 1- 1/2 by 1/2-inch lignite wes fed tLrougn
the 3- 1/4 inch wide wnnulus at various rates without any indication of bridging.
Also, no difficulty was encountered when the lignite remasining at the end of the run
Was removed. In additicn, temperature, pressurs, and gas-rate varistions indicated
that the apparent obstruction occurred st or near the gas offtake where gasification
hed taken place to such an extent thet the size of the lignite was so reduced that
bridging was not lisble to cccur. It was thought that cher picked up by the gas
leaving the gus offtake would sccumulate between the h-Foot, l/h-inch—mcsh screen
fastened in the cone of the gas offtake and the wall of the inner tube. This aceumi-
lated char was periodically lifted bty the gas, causlng sureges and weven operation

of the retort. The screen was therefore removed for the the succeeding runs.
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upper reaction zome, end the ssme gmount was sent into the lower zone ,

k81 -8-

Run 11

Since no testing pericd was completed during run 10, the cxperimental prograng -
Initisted for thet mm was kept for run 11. Four sets of hydrogen-carbon monoxide .
ratios ranging from approximately 2.5 to 6 were to be investiguted, The combustioy -
space temperatures, as well as the total stcam admitted based on the bercentage of
natural lignite fed to the generator, were kept comstant Tor eaeh get of experimants;
as the lignite feed rate was the veriahle under investigation., The 310-alloy, Tolleqs
piate outer tube was first used in this rur.

During periods & through £ a low-rutio gas of espproximately 2.5 was produced ati
various feed rates. The combustion space temperatures used for this series of eXpari
nents were:

The
Me

ilig
Op . of -
Thermocouple 1., 1,925 '
2, 1,8%0
L, 1,600 was

res
-as

Steam admitted to the upper reaction zone wes 10 percent of the weight of the raw it

lignite charged, whereas 30 bercent of the feed weight wss blown Into the lower
resction zone, The range of feed rates tegted wag frem 395 to 780 pounds per hour,

The ok jective of the pericds F through I wes to Produce a ges having a retio be-
tween k.5 and 5. The lignite feed rate ranged from L1l 4o 579

; Pounds per hour, whereags —
the steam to the uprer reaction zone was 23 to 35 percent of the welpght of the raw Rur
lignite, gnd the stear to the lower reaction zone Was wprroximately 60 percent. The Prc
combustion space temperatures for pericd F were: ' .
¥
% ;
Thermocouple 1. 1,759 £
2. 1,790 oLt

k. 1,ks0

However, with this tamperature distribution, the inner tube temperature was low,
$0 the temperature et the middle Tow of burners was ineressed 50° F. This resulted
in the following distribution of temperature for periods ¢ through I:

R N e B ad)

_..?F_"_. He.
Thermocouple 1, 1,750 éi
' 2. 1,850
L. 1,Lk60
el
For periads J through L, the Specifiic objective was ta Produce a medium ratio ax

&8s of =bout 3.5. The feed rate range was from 306 to Log pounds per hour with com-
bustion space temperstures adjusteda to:

“F
Therrocouple 1, 1,750
2, 1,800
b, 1,k80

Steam smounting to 33 percent of the welght of lignite charged was admitted +o the
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Production of an Hy-CO ratic of the gas of approximately & was the objective of
periods M and MN., In aeddition, more infermation concerning the appearance of gas

Program
onoxide surges at high steam rates wss sought. The combusticn gpace temperatures used during
ebustign these periods were:

tage of
periments, ~:§;§—
OF, rolleg. Thermocouple é. i,ggg
- -2
b, 1,h80

rduced gt

of exper{. The lignite feed rate was nearly constant at 389 and 395 pourds per hour for periods

M end MN, respectively, The total stesm admitied, equally distributed between the
lignite zone and the char zone, was 159 and 169 percent respectively, of the weight
of the rew lignite,

The sioker-size lignite of 1-1/2- by 3/B-inch size used for these experiments
was obtained from the Dakota Star mine at Hazen, Mercer County, N. Dek., and was
rescreened to 1-1/2- by 1/2-inch. This material was very wmiform in composition,
as shown in teble 1, which contsins the proximate and ultimate snalyses of the lig-

e or
werew nite feed for the first, the elghth, and the last test pericds of run 11,
¥ hour, TABLE 1. - Typical anmalyses of naturel Dakota Star lisnite
ratio be- as_charged durlng run 11
1r, wherea
e raw Bun and peried U T s 4 s s seestnrannnsnnrsnreassnneessn 114 11 11M
1t. The Proximste analyses, percent:
Mo ture. . e e e 34,2 34.1 35.3
Volatile matter. uiiiiini e siirinniennnnnnnns.. 28.5 27.9 28.1
Fixed s 32.3 31.0 29.3
Ash.f............................................... 3.0 7.0 .3
Ultimate asnelysis, percent:
= I 6.7 6.6 6.7
L <1< W1 ho,9 hi.g
was low, L s .7 .6 5
sulted - Sulfur.............................................. D e 1.0
Oxygen.............................................. k3.0 42,0 42,8
Ash................................................. 5.0 T.0 T.3
Heating value, Boboe POT 1By veveurnsernsonrnnonnn.. ) 7,210 7,010
Ash-softening temperature, OF. tuineioriuunnneennn.n.. 2,490 2,360 2,280
Table 2 gives the size consist of the lignite charge again for the first, the
~atio eighth, and last test periods. This tsble shows thet no significent difference
;h co- existed in the size distribution of the lignite charged during the run.
the
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TARLE 2. - 3ize consist of netural Dakote Ster lignite
as cparzed during run 11

Poreentage retained

Fan gnd pericd .o..... 114 11H 1M
' Qpening,
U, 5. mesh Na.l/ inchesZ2
1.50 G.C a0 0.0
1.05 el .5 2l.7 el o
Rrathsl 3%.0 38.5 375
525 24 4 25,8 25.3
.37 .0 9.7 9.1
k. .185 1.8 2.8 2.11-
g L0973 o 9 B
16 LOhg .3 .3 A
Minus-1A -, 0hA 3 .3 .3
ALverage size, inches 864 838 854

1/ Wumbers are U. 8. Stundard series.
2/ Standard square-mesh openings.

12-F ...
Run 12
12-C e
Tne major specific objoctive was to gasify sicum-dried lignite of 12 to 15 per-

cent moisture under conditions similar to those of geeificetion run 11 so thet com-
parisons could be made of the behavior of the retort wher operated with dried lignite,
as opposed to the behavior when natural lignitc was used. In addition, the gasifica-

ticn program called for production of & gas with & hydrogen-carbon monoxide ratio of “12-H ...,
less than 2, because this ratio had not been previously produced by the gasification
of natural lignite. Mumerous determinstions of hydrogen sultide and arganic sulfur 12-HT + :
in the product gas were also made to cbtain additional infourmation on the distribution
of the originsl lignile sulfur in the product gas and char,

To zccompiish the nmajor specific oblective of this run, ii wes necessery to mein-
tain the following conditions spproximetely equal: The lignite feed ratc bascd on 12-JE+J
moisture- and ash-free material, the combustion space temperatures, and the total 1/ Therm:
steem availeble per unit weight of moisture and ash-free lignite in each reaction L g
zone, It wgs necessary that the total steam available be besed on woisture- spd ash= 2/ Appr
Tree lignite becsuse the natursl lignite contains approximately 37 percent moisture
and 5 to 8.5 percent ask, whereas the sicer-dried msterial has 12 to 15 percent mols- The
ture and € to 9 percent ash, If equal weighte of dricd and nztural lignite were used, to 15 pe
there would not be egquivalent emounts of carban availshle, Thereiore, the cperating 3 Grand Fo

conditions for periods C and D, E and F, ZI wnd I, and IJ and J, were calculsbed on
the bseis of equivalent carbon teo corrsspond, respzctively, to the 2.9, 3.5, and 4.5
ratio conditions of run 11. The conditions of periods 4 snd B of run 12 were calou-
lsted to give a hydrogen-cerbon monoxide retio of ahout 1,8, Table 3 simmarizes
the experimental conditions under which run 12 was nade,

dried, ¥
-1/2-inc
operatic
the drie
particle
represc:
greates?
molsture
The hig
were gr
Variati
length
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TABLE 3. - Summsry of experimental conditions for run 12

Steam, Percent of feeds/
Combust, space | Feed rate, upper to lower
Pericd temp., o .1 ib, per hr. reaction zone reaction zone
lQ-A E RN NN N NR] Th.emocouple
1, 1,925 4181 30 o7
2. 1,900
bk, 1,600
I2-B iiveerannnans Seme 570 32 284
12_0 R E R E N R NN Them-OCOuPle
1, 1,925 i 49.6 52,1
2. 1,8%0
h, 1,600
12-D iiieinennannn Same L8g 39.5 ho.9
12-E tvsnsencnrons Thermocouple
1. 1,750 319 70.6 76.8
2., 1,800
L. 1,460
12-F tvvainransenn Same 391 40.8 bk B
124G eiersienenss. | Thermocouple
15 per- 1. 1,750 307 38.1 98,7
t som- 2. 1,800
lignite;: L, 1,40
ggifica~
atio of 12-H I F R R S&me 370 ) Tsal 75‘-7
ication
sulfur 12-HI + I ........ ! Thermocouple
uribution’ i. 1,750 301 75 Ll
2. 1,800
i ko 1,ké0
to mein-
=1 on I2aTE+T ciiiannn Sume Lo 73 b
??al 1/ Thermocouple numbers refer to location in combustion space. 1 is near the bottom,
’*gné b b gt junction box. Nominal temperature given,
i gi1-
chure 2/ Approximate percentage.
l? m01§& , The feed for run 12 wes Dekotes Star lignite, which had been steam-dried to 12
*Ietfs ’3 to 15 percent moisture at 400 p.s.i.a. by a modified Fleissner process (6) at the
frz ng Grand ¥orks Station., Approximately 250 toms of rew lignite, 1-1/2- by 1/2-inch, was
'ed En, dried, yielding 14%L4.5 tons of driled lignite, plus-1/2-inch, and 45.8 tcus of minus
N 1"2 -1/2-inch size. Stesm dryinz of the 250 tons of lignite represents the largest drying
c?.;: Cperation of this type ever completed in. the United States. Teble 4 gives snelyses of
‘Irla

the dried lignite from periods 124, 12K, and 12HI and I, =2nd teble 5 presents the
rerticle~size distribution for the same periods. These results may be considered
Tepresentative of the entire run. The composition of the feed was quite uniform, the
greatest variatlon occurring in the moisture and sulfur contents. The percentage of
moisture ranged from 11.8 to 15.4%, and the sulfur percentages varied from 0.7 to 2.2,
The higher sulfur percentages, even when calculated to conditions of natural lignite,
Were greater than that ususlly observed in lignite from Mercer County, N. Dak.
Variations in moisture content were due to changes in the drying cycle and in the
length of storage.
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TABLE 4. - Typicel snalyses of steam-dried Dakota Star lignite

#8_gasified during rug 12

Run and period mumber v.u.iouiiiiseeirnnenennnns i2-a 12-E 12-17 4
Proximate enslysis, percent:
Moisture ..ueiiiiiiiiiiiiii it iieieinnnnl 11.8 15.4 13.8
Volatile matter ,.uiiiuiveiinnrinnennnnennnnnnn.. 38.5 36.7 38.6
Fized carbom vuiivuiieiiiinonninrnennnnnnnnnnnn.. koo 39.8 Lo .8
AB L 8.8 8.1 6.8
Ultimate snelysis, percent: -
e 5.1 5.3 5.3
Carbon L 56.9 553.2 56.5
Nitrogen R L T T ST T -7 .7 8
Suifur R Nk L T T T 2.2 1.7 9
= 26.3 29.0 29,7 -
Ash L e, 8.8 8.1 £.8 ™
- Heating value, But.uu. per 10, uviieinnnnnnnnnn... 9,630 9,280 9,580
Ashi-softening temperature, OF. .. ..........00..... 2,310 2,310 2,420

TABLE 4%, - Size consist of steam-dried Dskota Star lignite
: as_charged during run 12

Percentage retalned

g/ Standerds sguare-mesh screcn copenings.,
3/ Period 12-HI + I reported as the gcreen ssmple for 12 IJ

+ J wag
not considered representative,

Run 13

The major specific cbjective was to determine the in®
Bteam admission on the behavior of the retort with respect,
of carbor gasified, and hydrogen-carbon monozide ratic,
to the upper or limite zone and
S0=-pound-~per-hour increments, whereas the
temperatures were kept essentially consten
tures for run 13 were:

Run and peried ...... 12-4 1e-E 12-HI + 1 3/
Opening,
U. S. mesh No.l/ inchesg?
1.50 - - -
1.05 - 3.6 3.5
.The 11.1 32.0 13.8
525 37.4 3.9 30.8
L3711 31.1 18.0 214
4 .185 i8.7 10,0 z1.8
] 093 1.1 .9 €.7
18 Nollts .3 .5 1.8
Minus-16 - L6 3 .1 .2
Average size, inch .530 664 .531
1/ KNumbers are U. S, Stendsrd series,

luence of the location of
to gas yield, percentage

The rate of steam sdmission
to the lower or char reacticn Zones was varied in

lignite feed rate =nd combustion-space
+ The ncminal combustion space tempers-




Thermocouple 1. 1,925
2, 1,850
4, 1,600
__--_'"—--.
I7 +

By following a strict schedule of gressing the feed valve, an almost mifeorm
mmhber of strokes per hour of the reciprocating feeder was maintained throughout the
entire run. However, because the reciprocating fecder caontrolled the volume rather
than the actual welght of meterisl cherged, Fluctuastions in the bulk density of the
natural lignite resulted in elight varigitions of the feed rate, The average feed
rete during the run was 470 pounds of lignite per hour with a % S~percent deviation.

=

+1
o & Gdlo

-

o o Oy o

P )
(AW ]
“JFl L:u

As ususl, natural Daketa Ster ligmite from Mercer County, N, Dak., was used in
the experimemts, except for period 13-H. Owing to delay in shipment of Dakota Star
 lignite from the mine to the stetion, 1t wes necessary to use Kincaid lignite from
the University bunkers for this perlod, This Kincaid lignite was originally cbteined

from Burke County, N. Dak. The results cbtained during this perlcd were not used for
 the correlation of the experimental date, although little difference in gasification
characteristics was observed, The tests were based on Dukota Star lignmite with an
average molsture content of 36.2 percent, which had been rescreened from the regulsr
gs-received stoker size to 1-1/2- by 3/8-inch, Teble 6 summarizes the experiments)
condltions for run 13.

EA O
R®e e . .
o -1\ o

|

In addition to the influence of the location of the steam edmission, the investi-
::gation of the distribution of the original sulfur in the lignite between preduct gas
" and residue was continued,

_ The Dskots Star ilignite from Mercer County, N. Dsk., used as feed for run 13 was
- quite uniform in composition. Teble 7 presents the prozimete and ultimate analyses
on an as-received basis for the Cirst, the medlan, and the last perlod.

Table 8 shows the size consist of the feed for the same perliods for which the
analyses were given and indicates veristions between the periods. The percentage
of charyge retained on the 1.05-inch-mesh was from 11.8 to 20.%, and the average
size was 0.789 to 0.852 inch. With these varietions in the size consist, fluctua-
tions in the bulk density of the lignite accurred, and these were reflected in
changes of weight of Iignite charged by the feeder eperating on a volumetric basis.

oge -
siocn-
in

ra-
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TABLE 7. - Typlcal enslyses of natural Dekota Star 1ignite
as gasified during rum 13

Run and period numbeY seiiesersatasasarvesssveoonnas 13-A 13-G 13-
Proximate analysls, percent:
MOLBTUTE ivveroresssvarusnsnnsessosesonancanannas 36.5 35.1 35.8
Tolatile MBLEEY wvecrvsoarocoananossasonsnsnsonsns 27.7 28,1 274
Fixed CATDOM . uvravrersarrrrsrsrrananrasssasenesne 30.1 21.6 30.7
Y- 5.7 5.2 6.1
Ultimate analysis, percent:
BYATOZED v eucunnn v e eseasan e ara s 6.8 6.7 £.8
= k1.3 ho,7 1.9
HITTOEBIL vusevanseanrvnrssonnssusansnasssronesionen .5 b b
OXygen ..... e beteaeaaaan fereasesrersanees Ll ,g bl 2 43.8
BUIFUL it vrvarenssnsiassrsssssransasenransvasasan .8 5 8
2= o 5.7 5.2 6.1
% Heating value, B.b.u. PO APy viircniennnennnanenans 6,990 7,210 7,060
Ash-softening temperabures, TF. tiveereersnnnnancunn 2,140 2,450 2,420

TABLE 8. - 3ize consist of nastural Dekota Star lignite
858 charged during run 13

Percentage retsined on screen

Run and peried ......... 13-A 13-G 13-§
Opening,
U. 5. mesh No.l/ inchesZ2
1.50 - Z N
1.05 11.8 1ih,6 204
LTh2 kz.0 41.9 42,5
525 34,2 28.9 26.3
2371 9.1 1i1.8 8.7
4 .183 2.6 2.6 1.7
3] 083 .1 .1 2
16 046 0 0 1
Minus=16 -.046 .2 1 1
Average size, inch 786 .B05 Bae

1/ Numbers are U. 8. Standard series,
?/ Standard square-mesh screen opcnings.

RESULTE AND DISCUSSION OF TESTS
General
The resulits asnd observations for 4 runs, including one of only 53 hours during
which 20 million cubic feet of gas was generated from some 428 tons of natursl or
Steam-dried lignite, are discussed herein, A1l the pertinent information 15 included
in the appendixz, and selected portions of the deta and their correlation appear with
the text. '

Run 10

Owing to the failure of the cast-alloy tube, no results were obtained during
this run,
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Run 11

The gss generator was blowvn in on May Y, 1949, and the run ended or June 2, 19hg
During the 694 hours of operation, 7,304 M c¢.f. of gas comtaining 1,200 M c.f. of '
hydrogen was produced at a rate of 7.8 to 13.5 M ¢.f. per hour from

340,000 pounds of
naturel lignize,

Figures § through 10 summarize the information cbtained during these tests,
These curves were constructed from date included in table 22 iz the appendix and

1llustrate the influence of the lignite fced rete on the performence of the unit at

the three sets of hLydrogen to carbon monoxide ratios of the product gas investigated.
Each set of ratios is presented in separate figures, since the cperating conditions,
except for the varlable feed rate, were constant within each serics. '

Conglderation of the influence of the feed rats on the percentaze carbon gasified s
shovs toat, for each set of curves, the percentuge of gasification was reduced with gn
increase of the feed rate. For the low-ratio ceries (fig. &, hydrogzen to cerhon man:
oxide ratlos 2,30-3,04) the percent carbon gasified decressed from T7.7T to 52.7 percen
with en incremse in feed rete from 395 to 783 pounds per hour, vwhercus, with the medium
range of ratios {Tig. S, hydreogen-carbon monoxide ratio 3.38-3.99), a drop from 72,9 ¥
to 67.2 percent was observed, with an increase in feed rate from 306 to L0k pounds per
how . With sn increase in feed rate Troz 389 to 571 pounds per hour, the percentage
carbon gesified was reduced from 75 to 64.k percent during the high-ratio experiments
(fiz, 10, hydrogen-carbon monoxide raties U,h0-k 8l4) :

An inverse relationship was also moticed when the influence of feed rate on the
gas yield was examined. For the low-ratio series, the gus yield varied from 60,0 to
34.5 M c.f. per ton of natural lignite, with &n increase of feed rute from 395 to 783 :
pounds per hour. At the medium-ratio range, the chenge in gas yield was from 21,0 to
45.0 M c.f. per ton of natural lignite for feed veriations belween 306 ard 404 pounds
per hour, A slightly smaller change was noted at the higher retios, where the gas

yield decreased from 52.7 to 45.0 M c.f. per ton when Lhe feed rate wes increased
from 389 to 571 pounds per hour.

Chenges in the inner tube temperatures as measurcd st I faot (point D) and 5
feet (point ¥) (see fig, I) shove the gus offtake are indicutions of variations in
the average reaction temperature In the annulus at these Foints and thus may also be
correlated with the changlng feed rate, The samc general trends as shown for the
percent gasification and gas yield were followed by theae inner-tihe temperatures for
each set of ratilos. At the low ratios the temperature at point D dropped from 1,181°
to 9419 F. and the temperature at point F dropped from 9189 s 581° F. when the feed
rate was lncreuwsed from 395 to 783 pounds rer hour, a change in rate of 386 pounds
per hour during the production of a low-ratio gas. At the medium ratios, the tempers-
ture at D dropped from 1,151° to 1,070° F., and the temperature at F dropped from 9529
to 773° F., vhen the feed rate was incressed frem 306 to 4Ok pounds per hour, a change
of 98 pounds per hour in rate, At the high ratios, 2 temperature drop of 639 from
1,051° to 988° F, was observed et D, and an 81 drop from 7729 to 691° ¥, was noticed

at F when e 182-pound-per-hour change from 389 to 571 rounds per hour was mede in the
Teed rate.

Figure 11 shows the performance of tho gas generator as 2 funchbion of the feed
ratc for 21l pericds of run 11. When teking the lowest lignite feed rate for each
set of experiments as an index of 100 and expressing the higher lignite feed rates on
a percent basis of the lawest, the percent carbon gasified for all periods of run 11
cen be represented by a straight line, as shown on the plet. With a decrease of the
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Figure 11. - Performance of the gas generator as a function of the lignite feed rate -
run 11, Lowest feed rate for cach series of experiments - 100,
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percent carbon gusitfied, the temperature of the well of the inmer tube decreases
gimyltanecusly, as shown by the curves of figure 11, which represent the varistion
of the temperature at polnts D and ¥ on the wall of the inner tube.

The percentage of carben gasified as a function of the temperature of the imner
tube 1s shown by figure 12. Despite different comhustion space temperatures, the
percentege of carbon gasifled is closely related to the temperature of the wall of
the incer tube. However, with s higher Hz-00 ratio of the product gas, the percent-
age of carbon gasified is higher at equal temperatures of the inner tube wall,

In addition to the correlations presented in the curves, s general increuse of
the hydrogen-carbon monoxide ratio wus noticed with an incressing feed rate. However,
ut the higher retios the change was slight, und within the limits of the experimental
error of the operation. At the lewest set of ratics an increazse in the hydrogen-
carbon monoxide ratio from 2.30 to 3.0 accurred when the feed rate wae varied from
395 to 641 pounds per hour, Because the concentration of undeccomposed steam in the
ges is direclly relsted to the hydrogen-carbon monoxide ratio, this also increased
with the feed rate.

Agaln, the variatlion in the amount of unrezcted steesm in the product gae was
smaller at the higher ratios, The merimum veristion of 12.5 pounds of undecomposed
steam per M c.. of gas (9.8 to 22.3 pounds of undecomposed steam per M c.f. gas)
occurred zgain in the low-ratio experiments when the Teed rate changed from 385 to
651 pounds per hour, :

Periods M and MN, with ratios of 5.6 and 6.5 and a gas production of 10.6 and
1i.k M c.f. per hour, respectively, had the highest mass velocity of Zas and steam
at the gas offtske of any periods in this run. Because the chief purpose of these
two periods was lo obtain information concerning the effect of the velocity of the
zages leaving the gas offtzke on the operation of the unit, the results of these tests
will be later correlated with date from runs 12 snd 13.

The effect of the Feed rate on the percentage of carban gacificd, gas yleld, and
cther characteristics of the gesification Process may generally be explained by the
fact than an increased portion of the upper reacticn zonc was being used chiefly for
drying end cerbonization at tke higher fecd retes, with less space remasining for gasi-
Tication. Incressing feed rates wonld reduce the contact time between the stesm snd
lignite, Alse, at the high fecd rates with netural lignite, it was Impoesible to
bring the lignite charged to a relatively high temperature, Thus, with a reduced
Teaction space and a lowered reaction temperature, less gasifleation would teke plece,
With less gasification, the perccntage of carbon gasified would be lower, and the
resulting gas yield based on the feed would necessarily also be lower.

Tar carryover was particulurily noticed during period AR, which had the highest
feed rute and consegquently the lowest apnular gpace temperatures of any peried of run
11. Considersble gusntibies of tar vapors escaped with the product gas and were later
condensed In the serubbing system, causing operatiomal difficulties., Condensation off
Bome of the higher boiling point tar vapors in the colder part of the aonulus near
the inner tube well agglomerated char particles into briguetlike masses thet inter-
Tered with the proper flow of the charge. Because of the excessive tar o test period
B was not attempted, and the transition pericd AB, which for the purpose of compariscon
was stabllized enough, was taken as the test reriod,

Anslyses of the residue, or char, showed masrked differences, depending on the
Percentage of carbon gusified, Table ¢ illustrates the change in composition at the
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highest, a medium, and the lowest percentege sasification. The residue samples
enslyzed were composites containing proportionzl amournts of char, bleowover dust,
and residue from the water-separsting system. This table shows that the ssh and
volstile matter decrease and the carbor incresses with a decreasing percenmtage of
gasification, The volstile-matter content dropped from 13,0 to 9.2 percent, the
carbon conbtent incrcased from 41.1 to 67.8 percent, and the ash decreesed fram 60.5
to 29.8 percent when the percemtage of carbon gasificd decrcesed from 86.6 ta 57.3
percent,

TARLE 9, - Anslyses of residue from the gasification
process et various percentages of carbon
gagified during run 11

Run and pericd nmmber ...vvieenvrnncsaacarnacnnnns venra 11-M il-F il-a
Carbon gasified, percehil vevieveviveeevaresnonassssrnss 86.6 6.1 57.3
Proximate analysis, percent:
MOLETUTE o4uvvesvesnonesosnsssncasrrnsnnsnsnnnsesnnn 1.0 1.4 1.5
Volatile matter ..... et ierte et e e, 13.0 11.8 3.2
FIXEA CATDOM v vvnsusmnenersonarsseansssasssorsnennss 25.5 by 2 59.5
Ash i e e 60.5 39.6 29.8
Ultimate enalysis, percent:
Ol OZEIl i eiuenvsesnrnoonoraonmsornssesennsnnsarnsns 1.0 1.k 1.3
CBYDOM tivseanavranorennnetrinttosasssrrantasasennas hi,1 56.8 6.8
Hitrogen ..iceiieirenrrranmannasnmennnsnsnnn Cemerereeas A A N
Sulfur ....... f e aatarareicas s ersaccaiaia et anan h.2 2.5 2.5
D BT v it ewssaotssnars s nstosanansasnsasasssnsnannas - - -
F 60.5 39.6 29.8
5032?1/ et e 8.13 5.36 5.97
€022/ vivon... 3.35 3.2L 1.75. .
Heating value, Bt ule/Ih. vivevvivereoneonorennanennans 6,550 8,990 10,550
Softening temperature of ash, F. .iiieeeeeereareaonns 2,306 2,360 2,420

;/ Azh uncorrected #or sulfur and carbon reported as 803 and COp.
g/ In ash, reported zs perccnt of originui residus.
3/ Sulfur reported as equivalent 803.

Table 10 is a compariscon of the size consist of the char for the same experiments
as used in the preceding teble. The cowmparison shows an increase of the particle silze
with decreasing percentage of gasification, The percentage retaincd on the 4#-mesh
gerecn increased from 21.2 to 33.9 percent, and the average particle size increased
from 0,122 to 0.172 inch when the percentsge o carbon gasified decreased from 86.6
to 57.3 percent.
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