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d from 60,5
b to 57.3
¥ 11-4
L 57.3
i 1'5
k 9.2
2 59.5
3 29.8
F 1.3
3 67.8
D
' 2.5
) 29.8
b 5.97
i 1.75
10,530
1 2k

2 experiments
wrtiele size
i@ d-mesh
increased

from 86,6

TARLE 10. - Size consist of chur at verious percentages of
carbon gasified during run 11

Run snd period ..... 11-M 11l-F 11-A
Carbon gasified,

percent ..ueevee.-. B6.6 69.1 ~57.3
U. 8. mesh No.l/ Opening inch2/ Percent |reteined on screcn
Flus-4 +0.185 21,2 27.9 33,9
Plus-8 + .093 28.0 22.6 36.2
Plus-16 .0L6 13.9 13.3 i1
Plug-30 .0232 13.0 13.3 T.2
Plus-450 .0116 11.5 10,6 i b
Plus=-100 D058 7.6 6.3 2.3
Plus~200 0029 2.1 2.7 6
Minus-200 -.002G 2.7 3.3 1.1
Average slz=, inch 122 L3237 172

1/ Numbers are U, 5. Standard series.
2/ Stendard square-mesh screem ocpeninge.

From the results of run 11, during which the lignite feed rate was the only
varisble of the respective operasting conditions, it may be comcluded that:

1. The percentage of carbon gesified varies inversely with the feed rate,

2. 'The gas yileld per ton of rew lignite decresses with sn lucrease in the
lignite feed rate.

3, The temperaturcs of the inrer tube measured at approximately 1 foot
(point D) and 5 Teet (point P) sbove the gas offtake decreases with an
increasing feed rate, As the average reaction temperature is related
to the inmer tube temperatures, this should also decresase.

4, The hydrogen-carbon moncxide ratio of the gas and the amount of unde-
composed steem per M ¢.f. of g=2& gererally Increase with increasing
feed rate. However, at the higher ratios the change is smull,

Run 12

The gas generstor was blown 1n on September 8, 1949, and cperation continued
without interruption or difficulty until Seplezber 26, 1949, During the 438 hours
of opperation, 170,182 pounds of lignite, which had been previcusly dried by the
Fleissner process at 400 p.s.i. steam pressure, wes gasified, and 5,759 M ¢.f. of
preduct ges containing 3,219 M c¢.f, of hydrogen wes produced at rates varying from
10.7 to 16.4 M c.f. per hour,

There were marked differences between the gasification of the steam-dried
lignite with 12 to 15 percent moisture and of the naturel lignite with approximately
37 percent, as shown in table 11. This tsble summerizes the results of comparable
pericds of runs 11 and 12 under experimental conditions usually used for the genera-
tion of & nominal 2.3, 3.3, and 4.5 hydrogen-corbon wonexide ratio of the product ga
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The lmper tube temperatures, as measured ot poluts cpposite D and F (see fig. L)
1 foot end o reet shove the gas offtzke, regpectively, are consistently higher under
comparable conditions when the dried lignite is gasified. At a mominsl 2.5 ratioc the
temperature increass amounted to 162° F. at point D erd 3730 F. at point F; at the
3,5 retio the increase was 58% F. at point D and 139° F, at polnt F; whercas at the
.5 ratio it became 12kC and 120° F. st point D, and o739 gnd 261° ¥, at polnt ¥,
respectively. An lncrease in the feed rate docs not affect operating conditions a8

- mueh with dried lignite ae does gn equivalent change in the feed rate of natural

- 1ignite. ¥or example, at the lowest hydrogen-carbon menoxide ratlo, an increase of
- 82 pounds of molsture- and ssh-free lignite per hour using dried lignite d4id not
appreciably affect the D and T temperatures, whereas an increase of only 63 pounds

. of moisture- and ash-free lignlte per hour from natural lignite decreased the tem-

perature at Dby €AY F, and at ¥ by 157° F.

Becguce the D and ¥ temperatures under gcomparable cxperimentel cenditions are
always higher when the dried lignite is uged, the averzageé resction temperature im the
annulus must be higher also. In addition, the fact that Lhc temperatures at F were
considerably above thase during run 11 for comparsble experiments indicated that the
drying =nd carbonizatlon were completed within & shorter vertical-tube distance and
therefore & longer reaction zome Was availsble for gasificution, With a lonhger
reaction zone and higher reaction tcmperatures, the percentage of carbon gasified
ghould be grester when equivalent feed ratcs are used. Under comparable conditions
‘for the law hydrogen-carbon monoxide ratio gas, 8.8 percent of the carbon was gasi-
" fied when steasm-dried llgnite was uged and only 57.3 percent with natural lignite.
For the medium-ratic series, 85,8 percent gasification was obtained with the dried
‘1ignite, but this decressed to 67.2 percent when natural lignite was gasificd., At
the high ratios, the percentage of carbon gasified with dried lignite was 77.5 &nd
77.7, which corresponds to 69.1 and 67.3 percent for the naturel lignite.

Because Lhe percentage of gosification is higher with the dried lignite, the ges
yield per ton of moisture- snd ash-frec material must necessarily »e greater when
dgried lignite is fed to tne retort. Again, reference to table 11 shows the gas yield
por ton of molsture- und agh-free lignite urder the three sets of cperating conditiong
for dried lignite to be 83.7, 88.5, 8.2, end 88.7 M ¢.T., 8aci0/ as compared to 6.3,
79.6, 83.6, and 80.6 M ¢.l., 5GC, for the natural lignite. The difference in gas
vield is less at the higher ratio because the spread in the percentage of gasification
hetwaen dricd and natural lignite under those conditions amounted to only 8.4 ard 10.3

percentage units.

The negligible influence of the Teed rate of dried 1igniie on the lcmer +ube tem-

perature iIn the range investigated indicates that & relatively high feed rate can he
reached without materially lowering the percent gasificetion, Therefore, the rate of
gas production should be grester with the dried lignite. This was verified during
period 12-D, when a production rate of 16.4 M c.?, per hour of ges at 83 was reached
gt g ratic of 2.3. This gas production was the highest ever obtained from the gas
producer, Previously the capacity of the retort was limited by the fact that guffi-
ciently high inner tube temperatures, and therefore a satisfactory percentage of gasi-
fication, could not be mzintained at a high lignite-feed rate. With the dried lignite,
the cupacity may novw be 1imited by the mass velocity of product gus gnd water wvapor
passing through the gas offtaxe., Thais factor of eritical mass velocity is digcussed
in the sechion Influence of Mess Velocity of Ges and Water Vapors Leaving Gas Offtake

on Behavior of Gas Generator.

;g/ Gas volume messured by displacement meter; standard gas conditions, saturated

gas at 60° ¥, and 30 Inches of mercury.
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The percentage of stesm decomposed is greater for the dried 1
peroble conditicns. The comparison between the dried and natural ligrite Is 64,q tq
2.2 percent at low ratlos, 58,k to 51.0 percent at the medimm-ratlio range, and 49 5
and 49.6 to 43.k and 42,2 percent at the high-ratioc range. :

ismite under cam

Lower heat consumption, based on the B,t.u. consumed per cubic foot of product -
gas, was cobtuined during the experiments witk dried lignite, Comparison with the
comparable perlods on natural lignite show a 10- ta 20-percent decreage in gross
B.t.u. used per cubic foot of rroduct gas, with the largest reduction st the Lower
ratios. Actusl dzte for the heat consumption gave 137 B,t.u. for the nztural 1i
and 108 B.t.,u. for the dried lignite per cubic foot of product ges et 2 nominsl 2.5
hydrogen-carbon monozide ratio; at the nominal 4.5 ratio, the heat consumption Wag 1

136 amd 1737 B,t.u. Tor the naturel ligrite, and for tre dried lignite 119 gnd 112
B.t.u, per cubic foot o produst gas.

The average size of the char fram steam-dried iignite was in each cuse largar
than that of the char from natural lignite, even though the Percentage of gasifics-
tion was greater. For the dried ilignite, the average cize of the char wss 0.259,
0,187, 0.235, and 0.28L inches, and for the natural lignite during comparuble pericds
the average size wag 0.172, 0,106, 0.137, and 0.149 inches. Because of larger parti-
¢le size, the pressure drép through either upper or lewer reaction zone was reduced. :
The decresse in pressure drop was more noticeshle st the higher ratios,

Approximately 50 pounds of weter per 100 pounde of nuturel lignite 1s formed
from the oxygen and cguivalent hydrogen Present, and with this steanm concentration
8 Hp=CO retic less than 2 could not be produced in the gasifier st safe operating
temperatures, With dried lignite of 12 to 15 percent molsture, the water of Torms-
tion would be reduced to 33 pounds per 100 pounds of dried liemite, and a ratio of
less than 2 wenuld be pussible under the present operating conditions. The second
Specitic abjective of run 12 was accomplished during periods A snd R when o mas with
an Ha-CO ratio of 1.85 was gencrated., Table 11 provides the pertinent information
obtained from these periods, Tt chould be noted that, even with a 63-pound-per-hour
incresse In the moisture- engd ash-free lignite charged, ne appreciable change was
found in the percentuge of carbon gasified, hydrogen-carbaon monoxide ratic, or heat
consumption per cubic foot of gas produced. The percentege carbon gasitied wae 65.3

and the ratio 1.85 in each case, The heat, consumption based an the gross heating
value was 106 and 103 B.t.u. per cubic foot of gas produced for periods A and B,
respactively,

The repeated handling and screening in preparing the dried lignite increased the
percentage of fine particles and at times the reject approsched nesrly 45 percent of
the dried lignite elevated to the vibrating screen when o 1-1/2- by 3/8—inch cut was
teken for gasification. Replucing the 3/8-inch sereen by a 1/16-inch screen reduced
the reject losses and resulted in un increase of the usshle materisl from sbout 55
to 93 percent of the total dried ligrnite, Two periods, each of about 22 heurs dura-
tion, were performed with 1-1/2- by l/lG—inch feed without difficulty or formation
Ol excessive dust in the gas. Table 12 compures the gasification of the l—l/2> by
3/8—inch and 1-1/°~ by l/lS—inch feeds under equivalent cexperimental conditions.
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The percentege of curbon gasified was increased from 77.8 and 71.0 percent to
80.6 and 72,8 percent, respectively, when the smeller-size feed was used, Even with
a slightly higher percentage gasification and the increasc of smeller sizes, no qip_
ference in the average sive of the char was apparent, being 0.187, 0.167, C.197, ang
0.171 inck for the 4 periods cumpsred., The hydrogen-carbon moroxide ratio was lowep
gnd the percentage of steam decomposed slightly higher when the lignite conteining 4
higher fraction of fines was gasified, Hydrogen-carbon monoxide retios were 2.69 anﬁ
2.93 for these pericds and for the others 2.87 and 3,08, When the smaller-sizeqd fuea
was used 61.5 and 60,3 percent of the tobsl steenm svailuble was decomnosed, compareq
with 59.6 snd 57.2 when the coarser material was gasified. K

Proximate and ultimaste anslyses of the residue from the gasificatien of ihe
dried Iignitc are presented in tsble 13. No consistent changes like those noted in
previous compariseons of the char snalyses at Aifferent percenteges of carban gagifieq |
arg gpperent, owing perhaps to the relatively lsrge variations in the pyritic sulfur
content of the feed. Dried lignite for period 12-A had the highest sul?ur content
und period 12-F, the lowest. Residue from period 17-A, with €5.3 percont of the
carbon gasified and 2.2 percent sulfur in the feed, had an ash comtent of 37.6 per-
cent, whereas, reslidue from period 12-F had et T1.0 percent gesification and 0.7 pered
sulfur in the feed, only 27.6 percent ash, Sieve analyses for the same periods are .
prescnted in table 1k, indicating again an increase in particle size with decreasing
gzsification.

TABLE 13. - Analyees of residus from gasificatlion process gt vuarious percertages
of carbon gusified during run 12

Run and period nUmDer . uc.veveeevesnonerasonron,onns 12-HI/T 12-F 12-4°¢
Carbon gasitied, percentage .......... Ceeteirarenas 80.6 71.0 65.3
Froximate analysis, percent:
Moisture ..ivenevevnn. NEre et et bt s a s e 1.2 1.0 1.0
Volatlle Mmatter 4uuiievitiernnenncennensesassensnes 8.7 8.0 9.0
Fixed carboml vuuniesveviverrnorsercanesnennns Cenen 55.7 63.4 52.4
Ashl/ Lo L Ll et te it raeaas 3h Lk 27.6 37.6
Ultimete analysis, percent: _
s a2 < 1.0 1.2 0.8
<L A 6l 69.5 6h,1
Nitrogen .uvvivrvvennrennnnns et eeterieieaaean A ! H
B 2.64 1.69 5.5
O =
ASHL/ e et e, 3.4 27.6 37.6
303,§1/ e ettt araean 264 4.27 10,96
CORE/ tvrriianerenannnnn. e e, é.70 2.36 1.6
Heating value, Botol./Ib. vuuvereverennnreenseennnnn, 9,890 10,680 9,890
Softening temperature of 2sh, “F, .......... Ceriaes 2,450 2,420 2,360

;/ Ash uncorrected for sulfur snd carbon reported as 803 and COn,
2/ 1In ash, reporled ss percent of original residue.
2/ Sulfur reported as equivalent 803,
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ercent +,
Hven wity
€3, No dip.

0'19?: ang

TABLE 14. - Size consist of reeidue ai various vercentages of
carbon gasifled during rusn 12

0 Was lowep Run and DerZo@ euyvsriavaranacasoresse 12-HI/T 12-F 12-4
ontuining g Carbon gasificd, DETCEOl wuuervnssnnns 8C.6 71.0 65.3
ere 2,69 and 7. §, nmesh No.l/ Opening, inchg/ Percentsege retained
Tosized fyug) 0.7h2 0.0 0.0 1.
=s COmpared 525 6.3 3.6 5.1
I3TL 0.1 1.7 15.1
} I 185 23,2 3k.6 37.3
o the 8 : .093 k.6 10.6 12,7
: noted in 16 08 k.3 7.2 7.9
Jon gasifie 20 .0232 13.7 9.2 8.1
tic sulfur 50 .0116 8.9 9.8 6.8
content 100 L0058 b6 6.5 3.1
of the 200 .0029 2.0 3.0 1.3
37.6 per- Minus-200 - .0029 2.3 3.8 1.2
rg'g Tercen Average 5ize, InCh it vivevennacennann - .87 157 L2
jegrga:fﬁg 1/ Wumbers sre U, 3. Btandard series,
2/ Standerd square-mesh screen openings.
entages Conclusione concerning comparison of the gasification of steam-dried Dakotas
Ster lignite of 12 to 15 percent moisture with netural Dekota Star Iignite of approx-
_ i imately 37 percent meisture under nearly identical experimentsl conditions may be
12-4. summerized as follows:
65.3
: 1. A greater ges-production rete can he reached using dried lignite as = feed
1.0 &t normel combustion space temperatures.
9.0
52,4 2. A considerabiy higher amount of melsture- and ash-fres lignite, originating
37.6 from dried lignite, can be fed to the retort and = high percentage of gasi-
: fication maintained.
0.8 &
6.1 3. With equel Teed rates of moisturc- and ash-free lignite, the percentage of
A carbon gezified und, consequently, the gus yield per ton of woislure- and
5 : ash-free lignite are substuntially higher when dried lignite is gasified.
37.6 I, The hydrcgen-carbon monoxide ratic of the orodiuct zas ies lower uand the stesm
10.23; decomposition higher when dried lignite is gasified.
l.o4¢
9,800 7+ The B.t.u. consumption per cubic fool of product gas ic reduced when Ary
| 2,360 f lipgrite is gasified,

6. The average reaction temperature and the portion of the resction space
actually used for gesification is increased with dried lignite ss the feed.

7. The average particle size of the residue is larger and the pressure drop
through the azpulus 1s lower when dried lignite is used.

Tentative zdditionel conclusions concerning the gasificetion of steam-dried
lignite may be summarized as follows:

1. Bteam-dried lignite may be used to produce ges with 3 ratic of 1.85 without
excessive combustlon space temperstures.
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Reduction of the feed size of the therge from 1-1/2-
by 1/16-inch increased the portion of dried ligmite

ing from approximately 45 to 93 percent and caused n
operation of the retort

by 3/8-inch te 1-1/5.
recovered after SCreen.
o difficulty in the

3. Under comparable experimental conditions, the Dercentage of carton gasifiag

Increased s8lightly and the Exr-CO rotin of the product gas decreased when the
smaller-size Teed was gasified,

Run 13

Run 13 was begun on November 18, 1949, and continued with
culty until December 18, 1949, During the 730 hours the gusifier was in operation;
164.3 tons of natursi Dakots Star lignite wes used in the production of 6,979 M ¢,7.

2] |

cut operationsl diffi.

of gas containing 3,887 M c.t. of hydrogen ot rates varying from 7.9 %o 11.7T M e.r,
Per hour,

The data obtained from run 13 may best be presented

. graphically as is dane in
Tlgures 13, 1Lk, 15, and 16. The abscissa of these cwry

es is the total watex availehle

for the gasirication brocess per ton of molsture- and gsh-free lignite. The total

vater wus calculsted as the sum of the steem Introduced to both resction zones, gnd -
of the inherent and rotential moisture ip the lignite. The inherent and potential

molsture was taken as the waler obtained from the oxygen and equivalentl hydrogen, as
indicated by the ultimste analysis, Ordinstes of the curves are the gas yield per
ton of moisture- und ash-free lignite, Percentage of carbon gasified, Dercentage of .

£85 made, and the hydrogen-csarbon monoxide ratio of the product gas. The gas yield
and total weter aveilable Per ton were presented on the moisture- snd ash-free besis
to eliminate varistions in the feed rate gnd Inconsistencies In the moisture and ash
content of the feed., The lower curve in figures 13, 14, and 1% representes the condi-
tion when the live steum admitted t¢ the chsr zone wes increased by JC-pound incre-

ments Prom approximately 50 pounds per hour to 293 pounds rer hour with no stesm beoing
added tao the lignite zone., The upper curve in the corresponcing figures, represents

the conditions when = constant stesm loud of epproximately 100 pounds per hour was
maintained in the char zone, end the steam was increased by 50-pound increments to

the lignite zone, In all cases, the combustion space temperstures und feed rate were
approximately constant.

Figure 13 1llustretes the influence of the location of 5
gas yield per ton of woisture- ang ash-free lignite,
able, the curves indicate that the g8s yield was highe
steam admission was 1o the lignite zope, The effect o
steam introduction was more apparent at the higher steenm rates. A% 4,000 pounds of
total water availghle Per ton of molsture- and ash-free lignite, 79.5 M c.f. of prod-
uct gss per ton of moisture- and ash-free lignite was produced when et least part of
the stoam was gdmitted to the lignite zone, snd 71.5 M ¢.f, was Produced with stesm
admission only to the char zone. The gas yield increased more rapidly when a portlon
of the live steam was Introduced +o the lignite zone., Based on 1 ton of moisture-
and ash-free lignite, the addition of 200 pounds of live Steam to the char zome at
3,500 pounds of total steam increased the gag yield from 69.0 to 0.0 M c.f., wherees

the same sddition resuited in an incresse in yield from TH.0 to 76.5 M ¢.F. when
admitted to the lignite zope.

team Introduction on the
AL equal amounts of water avail-
r when at least part of the
T the different location of

Extrapolation of the ges~yield curves to th
moisvure lismite woula glve the gas yield when
would then be congidered that of carboalzation.

e water equivalent of =& 37-percent-
no steam is added, and the process
At this point, sbout 51 M c.f. of
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LEGEND
Gas made, lower reaction zone.

| Gas made, upper reaction ZChe,
’ from added stesm.,

from ariginal moisture.
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LOWER REACTION ZONE

TO LOWER REACTION ZONE,
REMAINDER TO UPPER REACTION ZONE

Figure 14. - Distribution of product gas us a function of total water ayailable and location

of steam admission.
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3.8

3.6

34

3.2

3.0

2.8

Hp /CO RATIO OF PRODUCT GAS

2.4

2.2

20
1

-0 1

Ny S

LEGEND
/ 1. No steam to upper reaction zcne, gradualiy

N
o

/ increasing steam rate to lower reaction zone.
2.Gradually increasing steam rate to upper reaction zone.

7' ' 100 tb. per hr. steam to Icwer reacticn zone.
a.Kincaid lignite, all other experiments

37%, mcisture

<_

/ Dakota Star lignite.

5 19 23 27 31 35 39 43 47
POUNDS TOTAL WATER AVAILABLE PER TON MOISTURE AND ASH-FREE LIGNITE X 10~2

Figure 16. - H2-CO ratio of product gas as a function of total water available
and location of steam admission,
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gas would be produced per ton of moisture- end ash-free lignite, or, on & natural
lignite hasis, at 37 percent moisture and 5.5 percent ash, 32 M c.f. per tom. Thus,

a high percentage of the total product ges criginates from the reasction of the poten-
tial and imberent moisture in the 1lignite and the intimetely sssocisted carban, 'This
égs yield appears high for a carbonization procese, but, owing to the desien of the
Grand Forks unit, the water vapors are passed down through the hot charge and thus

have an excellent opportunity to react with the carbon of the lignite. In a conven-
tlonal or updraft carbonizer, little or no water-gaes resction would be possihle because
of the short time of contact and the low temperature of the carbeon and water vapor,
gonseguently the volume of gas produced under otherwise equivalent conditions would

; The carbonization of Velva lignite with 37 percent moisture in the 13-inch BM-
AGA retort yielded 14.85 M c.f, gas per ton st a carbenization temperature of 1,4709°

(D).

Since the lower reaction zone is epproximstely 30 percent of the total reaction
zone, 3 comparable portion of the product gss sheould be formed therein. However, the
ﬁercentage of the product ges formed in the lower reactlon zone, even with no stesnm

dded to the lignite zone, was less than 30 percent, although this amount was approached
% very high steam rates to the lower resction zone., This lower production indicates

bhat steam was less efficiently utilized except at the very high stesm additions to
the lower reaction zone.

Figure 1% compares the distribution of the product ges at the ssme total water
vailable depending on the position of steam addition. When 2,200 pounds of total
ater were availsble per ten of moisture- and ash-free lignite, 82.2 percent of the
tal 61.5 M ¢c.f, of product gas wes made in the upper resction zone when all the
team was introduced into the lower resction zeme, At the same total water availegble
nd with a base load of 100 pounds of steem to the lower reaction zone and the remain-
er to the upper reaction zome, 82.14 percent of the total 62,5 M ¢.f. of gas wss formed
In the upper reaction zone. The gas preoduction Inereased to 72,0 M e¢.f. per ton of
aisture- and ssh-free lignite at 4,100 pounds of total water available per ton when
11 of the steam was edded to the lower reactiom zone. OF this 72.0 M e.f., T70.1 per-
.cent was produced in the upper reaction zone from the resction of the carbon and the
¥ater originally present in the lignite. The gas praduction incressed to 80.6 M o.f.
‘et the same total water when all except the 100 pounds of steam per hour wes added to
the wpper zone. The percentage of the gas formed in the upper resction zone wnder
ug}hese conditions increased to B6.4 percent. The incresse in gas production and of the
W Percentage of total gas produced in the upper reaction zone when a rortion of the live
Steam wes introduced in the upper zone at the same total water avallable also indicated
hat the stcam is more efficiently utilized in the upper reaction zone,

Figure 15 shows the percentage of carbon gasified as & function of the location

f steam sdmission., These curves indicate = higher percentage of carbon gasiried when
Pert of the live steam wes introduced to the lignite zong, the difference being more
Proncunced at the higher stesm rates. At 2,800 pounds of total water available per
O of moisture- and ash-free lignite, epproximately 60 percent of the carbon was
E2sified with admission of stesm to the lower reaction zeme only, At the seme amount
of total water, 62,5 percent of the carbon Wes gasified when steam was introduced to
the Upper reaction zone, snd a comstant losd of 100 pounds of steam rer hour was main-
f8ined 1n the lower zone. At k,000 pounds of totel water available, the percentages
O carbon gesified were 65.5 and 72.0, respectively.

An equal smount of live stesm incressed the gasification to a greater extent

Yien 1t was introduced Into the upper reaction zone. Beginning with 3,500 pounds of
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totel steum per ton of moisture- snd ash-free lignite, sddition of 200 pounds gf
steam per ton of moisture- end ash-Tree Lignite to the lower resction zome inCreaSed_
the gasification from 63.5 tc 64,5 percent, whercas the addition of the same amount ¥
to the upper reaction zone incressed the gasification from 66.0 to 70.0 percent o
a8 37-percent-molsture lignite, extrapolation of the curves showed that 3PPr0Ximate1§3>
33 percent of the available carbon would be gasified without adding steam to the1ﬂdt

el

Figure 16 shows the Hp-C0 ratic of the product gus as a function of the locatigy R
of the steam introduction, Except at the higher stesm rates there was 1ittle dippep:h C:
ence 1n the gas compositiorn, whether the live steem was gdmitted to the Upper or lonm U
reaction zone. At the highesl steam rate to the cher 7one, the hydrogen-csrbon Rongy .
lde ratio wes 3,17, and with the same zmount of total steam, but with part admitteg
to the upper reaction Zone, the ratio wes 3,39, With no steam Introduced to the pe.
tort, the curve may be extended to the gverage 37-percent-moisture lignite as weg ! L
done previcusliy. At that point the hydrogen-cerbon monoxide ratic of the gas woul, g
be between 2.0 and 2,1, 14
AS was to he expected the bercentage ¢of the ash in the chay decreased and the 3
percentage of the fixed carbon increaged with a decrease in tha bercentage of carbon ?t
gasifled., This is shown in teble 15, where anslyses of the residue are presented g a
the highest, & medium, asnd the lowest Percentage of carton geslfied. The ash decreess ﬁ
from 49,6 to 27.% percent and tne fized carbon increased from k0.8 to 65,0 percent F
when the percentage of carbon decreased from 77.5 to 53.1 percent, £
1
TABLE 15. - Analyses of residue from gasificatlon process at z
various percerntages of carbon gasified
during yun 13 Ex
maintai
Run and period M I I T 13-M 13-F
Larbon gasified, percent P e re i aeeatataneranne T7.5 65,8 L.
Froximete analysis, percent:
Molsture ..ot 0.7 0.9 0.84
Voletile matter 8.9 9.5 6.84
Fixed carbon P e ettt tree et 40.8 53.3 65.0° .
Ashl/ ooiiiii i 49.6 36.3 7.} ?
Ultimate anslysis, Percent: '
Hydrogen e ettty 1.0 1.2 0.7
Carbon R R R 51.4 62 .6 T2.7 ¢
Nitrogen e v, Wb .5 3 )
N A C et taa ey 3.4 2.7 2.5 - -
= - - -
Ashl/ 9.6 36.3 274 L
5032/ 7.2 8 5.9
3 { 3.
Co22 3.0 2.5 1.9
Heating velue, B.tuu. /1. wour,uuvnnnnnnnnoninn, 8,090 9,790 10,980
Softening temperature of esh, OF, .o e 2,440 2,380 2,360
1/ Ask uncorrected for sulfur end carbon reported ags 803 and €O,
g/ In ash, reported as percent of original residue, )
j/ Sulfur reported as equivalent 803. .
The screen enalyses of the regidue ere given for the same experiments in table .
14, Although one weould expect the average size of the residue to increouse with & de-
crease in the percentzge of carbon gasifled, the highest average size of the residue
was Tound st the mediwm percent of gasification owing to the presence of & few large !
. - in {a:
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