propertion of 10 Cb per unit of C present, Nominal dizmensicns of the completed re-
gction tube were: Length 20 ft. 6 inches; Inside diameter 48.5 inches; wall thickness
0.5 inch.

The general appearance of the tube was excellent, with s smooth surfacc both in-
side and outside. DJetelled messurements showed that the deviation in length of redii
‘was within the specified linmis of * 1/8 inch. Figure 22 shows the tube being lowered
into the retort for the ¥irst time, This piecture clesrly shows the uniform welds snd
the smooth surface of the tube. The dark portion neer ithe lower end of the tube is
the discolored 310-alloy flame guard, which had been used before (L),

To dete the 330-alloy tube hes heen operated 1,B62 hours, during which it was
heated end cooled 3 times, After each run, numerous measurements and s careful in-
spection were made., The observations gathered indicated that corrosion at the presant
rate would not be a limiting fuctor for a tube life of 10,000 hours. The ma jor por- ;
tion of the inner surface exhibited little corrosion, and the ocuter surface was in v
excellent condition. W¥igures 23 and 23b show the ssme section of the inner surface
before and after run 13. The ares pictured is that of the most pronounced pitting
and indicates little additiomsl corrosion during run 13. Meuasurements of the depth
of the plts showed a maximum penetrstion of only 5/64 inch after 1,862 hours of o
operation., In sddition to this pitting, which occurred omly between € to 10 Feet ‘
from the flanged end of the tube, some tightly sdhering magnetic scale was formed in

& narrow band opposite the gas offtake. This narrow band of scale Was not helieved

to be detrimental to tube performance,

When initially installed and aftcr euch rum, radial messurements were made ai

1 foot intervals over ithe entire tuhe length., In figure 24 the results of thesze
measurements are plotted on & grestly exaggerated scale. Actually little deformuaticon
was visible and must be shown of this scele to be appasrent. Even after run 12 +the

. majority of the measurements were still within specifications for Lhe original tube.

: However, the extent of the deformation of the tube incressed during run i:. The
maximum increase inm the length of radius was 2&/32 inch, and the maximm decreasse

i WAS 13/32 inch. Tkese changes in the dimensions of the tube wore not sufficient 1o
&ffect the smooth opcretion of the retort. Measurcments of the +ube length did net

- Indicute any change,

From experience geined through a total of 5,772 lhiours of overation with various
tubes and careful cbservations snd measurements after each run with e 310-alloy,

- rolled-plute tube, it is believed thet the problem of corrosion Is no lenger of mejor
- impertance Lbut that the ‘problem of deformetion or creep might be the limiting factor
in the 1ife of the tube.

INFLUENCE OF MASS VELCCITY QF GAS AND WATER VAPORS
LEAVING GAS OFFTAKE ON BEHAVIOR OF GAS GENERATOR

Two fuctors may be considered asz limiting the capacity of ihe gas generator.
First, as shown during run 11, the capacity of the gas generstor was limited when the
Teed rate was so high that gusification could not be maintained satisfactorily at
Normal copereting temperatures in the combustion space, Second, at relatively high

" linear velocities of ges and steam vapors leaving the gas of fteke, the retort 4id not
Operate smoothly, and ineressing quantities of blowover Qust were recovered from thre
dust collector. Altheough these effcets depend upon the lincar velocity of the gas

fnd stesm mixture, it is more consistent for the ssme installation to express the
Punction as mess vélocity. '
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Trese limiting factors of gas velocity were first Investigatod during perigg 11
MN. A feed rate of 395 pounds per hour wes used snd the rate of stean introductioy .
progressively Increased during the period. With sn increasing steam rete, both gas
and undecomposed steam volumes elso increased, T an approximete mass velocity-of _
263 pounds of gas and water vapors per hour per equare foot of gas offtake area, the
unit was performing normsally, but when & muss veloclty of ebout 306 pounds per hour .
ber sguarc foot was reached, the fluctustionsg of stetie pressures and of the ggg ratg
became more promounced, The change in smeothness of operation 1z shown in figwuwe 25,
which is 8 reproduction of the product-gus recorder chert for the peried 11-MN, Froy®
b to 5:45 w.m, at & mass velaclty of 263 pounds per hour per square foct, an egsena- i
tielly wifern production is indicated. At 5:45 @.m., when the mass velocity hagd beén
increused to 306 pounds per hour per sgyusre foot, some erratic gperution is shown by
the Jegged line, which mighl indicate s type of fluldization or "boiling™ of partly
gasifled materiel st or near the gas offtake._

During runs 11, 12, end 13 the blowover dust wes collected ond weighed snd the
slze consisl determined from repraesentative ssmples of each Period. Figures 26 ang
L 27 correlate the data, Tn each figure the sbscissa of the curves is the mace velocit
: of gas and water vepors leaviug the retert in rounds per hour per sauare foot of gas
offtake area, The gas-offtake area wss in each instence 3.6 squere feet. Tn figure

[y
I
3

n

.

Hﬁ 26, thc ordinste is the total weight of blowover dust end dry sump mud, in pounds per
!QF bour, and in figure 27 it is the percentage of the size consist in the blowover dust
iﬁ above 30-mesh {0.0232-inch}, In eack Tlgure, four curves, designated 1, 2, 38, snd ¥t
¥

3b, asre plotted, Curve 1 presentes the dats from rum 11, curve 2 from mumn 12, and
curves 3a and 3b from run 13, Curve Ja was obtailned when the steam rate to the char
zone was incregsed In S0-pound-per-hour inercments from 20 to 300 pounds per hour
without eddition of stean to the upper reaction zone. Curve 3b was ob%ained when a
constant stesm load of 100 pounds per hour was maintained on the lower reactlion zone

and the rate to the ligmite zone was increased in 50-pound increments from 50 to 300
pounds of steam per hour. ;

In figure 26 curves 1 snd 2 show en intermediste rapld increase in the amount of
blow-over dust lesving the gas offtake at approximately 220 Lounds of gas and water °
vapors per hour per square fool of gas offtake grea. t egual mass velocities, curve
1 from the natural lignite run is consistently above that of curve £ from the steanm
dried lignite test, The difference in the welghts of dust recovered at equal mase :
velocities might be due to the larger sversge size of the char origineting from the
dried lignite.

Trhe influence of the position of the steam introducticn is shown by comparing -
curves 3a aad 3b, Approximately, curve 3a follows curve 1 in the region covered,
whereas curve 3b shows that, at the lower mass velocities, up to ebout 194 pounds
per hour per sguare foot of gas offtake area, more blowover dust is recovered when
the etesn is aistributed between the uprer and the lower resction szones. At g mass
velocity of aboul 196 pounds, curve 3b appesrs to level off but 38 increases rapidly,
indicating that the fluidized condition was influenced more from the steam sdmisslons
to the char zone.

as & function of the mass velocity of the gas and steem leaving the gas offtake.
Curves 1 and 2 sgain show a marked increase at approximately 220 pounds por hout per
square foot of gas offtake urea. The blow-over dust collected from the gasification
of dried lignite contained a higher percentage of plus-30-mesh particles than did tb%
uatural lignite, as shown by curve 2, being consistently higher than curve 1, Curve .
3a 'shows a more rapid incressc in the plus-30-mesh fraction when the steam wes admit
ted only to the char zone. Algs the plus=-30-mesh porcion was greater at egqual mass

Filgure 27 shows the rercentage of plus- 30-mesh Psxrtlcles in the blow-over dust:
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Figure 25. - Product-gas recorder chart for period 11 MN, showing fluctuations
in gas production.
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felocities when the steum was introduced inte the lower reaction zone, The difference
between the two curves, 3a and 3b, asgeln indicates that the appsrenmt Pluidization of
the partleles at the gas offtake Is more affected by steam admission to the cher zone
thon to the lignite zone.

The following conclusions may be drewn from the correlation of the mass velocity
of The gas and weter wvapors leaving the ges offtske and the amount and size consist
of the hlowover dust.

1. At a mass velocity of approximately 220 pounds per hour per square foot
of gos uffteke area, some type of fluidizetion or "boiling" of the partly
gesified lignlte oceurred at or nesr the gss offtake and markedly in-
creased the amount, and the plus- 30-mesh size, of the dust entrained
in the ges and steam vepors leaving the gas offtake.

. At 8 mass velocity of 300 pounds per hour per squsre foot of gas offtake
area or over, some erratic operation of the retort may occur due to in-
crezsed "bolling" or fluldization at or near the gas offtake.

3. At equal mass velocities the emount of blowover dust eppears to ha
reduced, and the fraction of the particles sbove 30-mesh increased
when dried lignite was gesified, .

Y. An increase in the stcem rete to the char or lower reaction Zone sppar- !

ently incrcases the smount and size consilst of the blowover dust more ;
then an equal increese in the stesn rate to the upper resction zone., O

DISTRIBUTION OF SULFUR DURING GASIFICATION OF LIGNITE

The concentration and distribution of sulfur in the products of the gesificatian
Process are important, as sulfur compounds are deletericus in most instances even
though present in low concentrations., Liguite, as most fuels, contelns sulfur in :
Vverying emounts. Although lignite generally has a relatively low sulfur content P
faveraging 0.6 percent)}, enough suli'ur is transferred into the product gas to warraut
lnvestigation.

A considerable amount of informution has been scovmuleted op the corcentration,
dlstribution, sad types of suifur In the lignite feed snd in the gasification prod-
uwcts, The following presentation summarizcs this information,

The sulfur content of the Dakota Star ligmite used in the gasification process
varied botween 0.6 to 1.6 percent, of which approximately 30 percent is present as
organic sulfur, 60 percent as pyritic gulfur, and 10 percent as sulfate sulfur. As
relatively large volumes of gus are produced per ten of lignite charged, the sulfur
fontent of the product gas Is unusually low, being in the range of 35 to 140 grains
ber 100 e.f'., of which only 1.5 to 2,3 grains per 100 c,f. are organic sulfur, The
actugsl concentration of the sulfur in the gas was found o be releted to the opera-
%ionus) conditions and the initial sulfur content in the feed. In table 18 typical
date for rans 1l, 12, snd 13, showing the concentration of H,oS ard orgenic sulfur in
the ges, are presented. With such a low concentration of total and ergunic sulfur
U0 ma jor purification problem is presented,
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TABLE 18. - Typicel concentration of suliur in product gas
during runs 11 thirough 13

_-__'__‘——-—-n..__
Total silpyy
Sulfur in H.8 Organic sulfur Total sulrur il zas,

Bun and before scrubber |alter scrubher in g=s, percent of

pericd No. gr. /100 cu, Pt. [gr./100 au. -, er. /100 cu, £i. | sul ur chargeg
11-D vevinnnnnnn, 33.8 ;
11-F ein... 135.5
11-J ... 71.3
12-D ..., . kg 6
l2-E . . T1.7
13-C . 82,8
13-M . . . 7.7

i
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The percentagc of original sulfur transferred to tha £5% may be correlated with

the fraction of wdeconpased steam, The trend of an Increasing percentega orf original .
sgulfur from the lignite in the Product gas with an increesing frection of undecorposed |

steam is indicated in flzure 20, which presents the results of ru-g 12 Ehrough 13,
The percentage of the origlnal sulfur in the wunscrubhsd gus Incresscd from sbout 16
to 57 percent wher the fruction of undecomposcd stesm veried hetween 0,26 =pd 0,64,
Scattering of the experimental points 1» this curve wes caused by the influsnce or
the location of the sdmission of steam arn the perccentage of gulfir exiracted Trom the
lignite. Part (a) of figure 29 shows the uniform increase of the percentage of the
total entering sulfur exiracted with Inecressing fractioa of mroacted steam when the
Stean initroduction was only to the char zone, Section (h} of the same figure shows s
wider varistion in the bercentage extracted when the steam was added %o both the lig-
nlie and char zones,

Teble 19 gives the sulfur balances for run 13. The smount o lhe total sulfur
in the lignite recovered in the gas ranged from 22,1 to 46.8 percent and in the resi-

due from 57.0 to 102.5 percent., The balances sppear e be errat!s, because in several

instances the totul sulfur recovered exczeded thut charged, However, the poslitive and
negative devintions From 100-percent TeCovery were approzimately ecual. The mra Jor
reasong for the occasicpal unsetisfactory halances eppear to be In obtalnirg 2 repre-
sentative sampie of cher. Under the present experimentel procedure, the opersting
conditions are charged from perlod to pericd during s run. The boercertage of gasi-
ficutlon and the resultant fraction of undecomposad steum are usuelly varied, csusing
the 2sh end sulfur content of the cher su4 the gas composition to shange. The gas
composition is sensitive to cperatioral changes snd quizkly responds, giving ir g
short time s neariy congtsnt composition. However, the spnular Spuce e% the end of
an offlcisl peried is Tilled with partly reacsed material, the composition of whiszh
hzs been determined by the conditions of thet period, As each officiul pericd is
rreceded bty a transition period of 24 hours, caleculetions of throughput indicate that
the char from the sne official period should be replaced hefore the rext official
perlod begins., Thus, the char composition shautd correspond to the gas beinz mede.
In order to determine 1f # neerly constant conposition of the char wus reached,
Speclal char samples wers collected during the leter Pert of rm 1% 4n addition to

the regular composite semple, Tor the composite sample, a I-peroert, by weight, per-
tion was taken with o pipe sarpler from each can of char durirg the teat periad, The
special semples, aluo 3 percent, by welght, were taker from the cilar cans removed at
the beginning end the midpoint of each period, including Lremsition periods as well
a8 test periods. From table 20, which comperes {the results of the special ssmples.
with the represcptative sample obtalned for each period, & periodicul ineressc and
decrouse of the asa and sulfur cortent of the char may be noted. For exanple, the
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Figure 28. - Parcentage of total sulfur in charge transferred to product gos as a function
of vareccted steam.
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four speeial semples taken for pericds IJ (tremsisional period), snd J {test period)
. chows the ash content to be 29.7, 3T.3, 37.7, and 25,6 percent snd the sulfur comtent
2.4, 3.0, 2.9, snd 1.9 percens, respectively, despite the faot that the experimental

conditions were constant.
would be expected, But not during the test periocd.

Fluctuations ir composition during the transition periocd
The composite sample Tor ihe

official period gave L1.3 percent ssh und 3.3 percent sulfur, percentages not reached

in the special samples,

ing sher and zas samples.

These veriations indicate the diffieulty of cbteining mstch-

TABLE 19, - Summery of swliur belasnces for run 13
Sulfur sccounted for
In residue In gas Total
Sulfur entering Fercent Percent Poereent
in lignite, 3 S 5
Periad ib./hr. Lb./hr. |charzed Lb./hr. charged Lb./hr. charged
A viienan.o.. 3.80 2,62 9.0 0.8L 22,1 3.46 91.1 L
b S van 3.27 2.59 .2 .86 26.3 3.45 105.5 i
Covmrnnnnnnnn 3.32 2.11 A3.6 1,12 33.9 3,23 97.3 T
> EN Ch3s o.e8 51,0 1.57 36.0 3.79 g87.0 5
E ovirinnnnnns 2,70 2.19 1.1 1.10 Lo.7 3.2 121.8
Fouvirss . 3.4 2.63 75.9 .70 20.1 3.33 96.1
e S 2.58 2.62 101.6 .76 29,5 3.38 131.1
: 1.77 1.13 63.8 .60 33.6 1.73 97.7
T eeiiennnns 2.81 2,68 1085 1,00 5.6 3.88 138.1
B 3.37 2.47 3.3 8e =) 3.29 a7.6
E vuvnnn P 3.2 2.13 62.3 ok 27k 3.07 89.8
L overinnennns 2,91 1.66 57.0 1.00 k.3 2,66 9L.4
N 2,84 1.81 £2.6 1.33 Le.7 3,14 1104
P 3,43 2.1k 62 .k 99 28.8 3,13 9L.3
TABLE 20, - Comgosition of special char semples collecied during run 13
Hours after Mtimate snolysis of char Composite sample
beginning of Ash i C ¥ ] 8 Ash | 83/
Period&/ period@ Percent
L3-IJ oovivivnnnn |0-2,75 29.7 1 1.2 69,31 0.5 | 2.k
13-I0 ovuivivenend] 9083 - 1183 37.3 | 1.1 | 63.6 51 3.0
L3-0 tviiiinnnnn. |0-1.35 37.2 1 1.1} 62.7 b 2.8
L3-T cvvviviiiins] 9035 - 11.35 | 25,6 | 1.2 | 72.3 B S I ' hi.z | 3.3
13-TE ... ..vuve....i0-1.07 k3.5 2| 58.1 A3
13-JK oiiiivnnnnnns 947 - 1147 k1.8 | 1.0 { 59.0 b3l
13- L oeiieiin .| o-2.0 51.2 91 sk Aol 3.8
13- ooiievinnn. . 0.0 - 12,0 (k23 | 1.0 57.8 Al o3z Li,7 {3.3
13-EL ceicvennnans 1.82 - 3,82 184,33 | L0 | 56,5 Jro3.3
13-EL voevavernnnn.]| 9.82 - 11.82 | 54,5 9| k9.3 2 k0
13-L eenvinina e ]0-1.23 514 1 1.0 | 50.6 30 3.8
L3-L c.uuviivnend] 16073 - 1B.73 [ 3.2 [ 1.1 | 63.4 A e 51.5 | 3.0
13-IM e B.55 - 10.55 | 58.9 - I YN 3| o
B3-M e, 2,0 - Lo Is2.1 G| e 3] 3.8
13-M ..o veeae| 10,0 -12.5 [#8.0 | 1.0 | 53.2 Loz Lg.& | 3.h
13-MN ...vivinand| 00 - 2 53.6 1 1.1 { k8.5 31038
I3-MN vavvenenenea !l .30 - 11,50 | 8205 9 | 56.2 R T
13-N vevneiivanna..]0-1. 02 234 (1.2 | 73.6 I
13-N oo 10002 - 11092 (380 | 1.0 | 63.0 R -
1a-w ..... coeeseenn) PLB2 - Do gnian g 1.0 | 6600 R k.1 2.5

1/ Double letters represent
Hours after beginning of

transilional periods,
period refers to time during which the char, represented

by the analysis, wes collegted,
3/ Composite semple is regular official sample.
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