vounds of

>Ne increased
Sgme amoumt
percent., For
{PProximately
 to the uniyg,

particles in the plus-h-mesh Praction,
mesh sieve increased from 21.9 to 3L.2 percent with u decresse in gasificution from
77.-5 to 53.1 percent,

However, the percentage reteined on the 8-

TABLE 16, - 3ize consist of residue et varicus percentages of

cerbon gesified during run 13

izifelg??tl9ﬂ Run and DETIo0 easesneusernssnnnnnsnnesns 13- 13-E 13-F
Litie differs Carbon gasificd, PETCEOt vuuessonwonn..n .. 775 65.8 531
HFPET or lower U. 8. mesh No.l Qpening, inch@/ Percent retsined om screen
-carbon menox.
vt admitted 0.7k2 0.0 1.5 0.0
i to the re. ;??_ .Eh g l.g
-2 A5 was . . . .
: gas would L .185 15.1 19,2 17.8
_ 8 .093 21.9 33.0 3h.2
16 .046 17.3 17.8 21.0
4 and the 30 0232 15.6 11.3 104
e of carbop 50 0116 13.2 8.7 7.5
resented at 100 .0058 7.4 4.1 k1
ash deCrGESEd 200 -0029 3 09 1'9 2.0
J percent Minus 200 -.0029 3.9 1.8 1.6
Average Size, INCH . .viiniviniienenrnnnn ‘e 0.101 0.134 0.12h

|

1/ No. 1l U. S. Standard service.
2/ Stendard squarc-mesh screen openings.

Experiments using the location end amount of steam ndmitied as varlables while
maintaining a constent combustion space temperature and fecd rate, indicated that:

1. With eyusl amounts of water aveilable per %on of moisture- and ash-Tree
lignite, the ges yield per ton and the percentage of carbon gasified is
higher when at least part of the live stesm was admitted to the upper
reaction zone.

2. With equal amounts of weter available rer ton of molsture- and ash-free
lignite, the hydreogen-carbon monoxide ratic of the preoduct gas is not
irvluenced greatly by the location of steam introduction cxeept at very
kigh sleam rates to the char zone.

3. Equal increments of live stesm incresse the percentage of gesification
and gas yield per ton more when sdmitted to the upper reaction zoune.

L, Extrapolation of the experimenmtal dets indicates thet, without addition
of steam, 1 ton of Dakola Star lignite of 37 percent moisture and 5.5
percent ash would have approximately 53 percent of the available carbon
gasified In the production of 32,000 cublc feet of gas st a 2.0-2,1
hydrocgen-carbon monoxide ratio under the cxperimental ceonditions used
for run 13,

5. The lower resction zone produces only a relatively small percentage of
the total product gas, except at very high steem additions +o thst zonpe.

MATERTAL AND HEAT BALANCES

Msterial ond heat balances were completed for runs 11, 12, and 13 snd are shown
In tebles o4 and 25 of the appendix.
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Tigure 17 presents In grephic form selected bulances of the materisl entering
end leaving the annular space for each of the three runs. Thres balances were takey
from cach run and represent the highest end lowest Percentage rccovery, as well ag
the balance ncarest 100 percent. This graphic presentation illustrates vigually thy
gatisfactory measurement of both entering-snd lesving-materisl streams were obtaineq
because 9k.7 to 103,0 percent of the meterisi entering wzs accounted for. The varia
tion in the percentege of each component wess a Tunction of the operating conditiong
that were changed for the individual periods.

Heat balunces for hydrogen-carbon monoxide ratios of 1.8, 2,3, 3.0, snd 4.0 ar
shown in figure 18, Except for the 1.8 ratio, 2 period from esch of rms 11, 12, amg
13 is shown st the respective retics. Thede bhar graphs were constructed from the he
balances tabulaied in the appendix.

The diagrams show that the heet requirements to carry out the gasification Iroc
esg varied from 2k.6 to 32,0 percent of the totul hest in the entering materials wit
the actual percemtage used, depending on Hy-CO retio wnd the moisture content of the
lignite gasified, Stean-dried lignite (periods 12-C, 12-F, 12-H, and 12-4) required
less hest than the natural lignitec. ;

The potential heat in the product gas, depending upeon the percent gssification
end the ratio, vas between 49.1 und 65.5 percent of the total heat input. Adding
potential heat in the char and dust to thet in the ges increased the percentage of
the total input found in the products of gasificetion to between 71.8 ezd 83.6 per-
cent. The ectusl percentege of heat input recovered in the gasification products
depends upon the type of materiel gesified, the resultant ratic of the gas, and
the percentsgc of carbon gasified. The highest recavery of 83.6 porcent of tha total
heat input as potentiel hest in the product gas end char was obteined st the lowest
ratio (1.8) and with steam-dricd lignite. In all cases the percentage of heat input
present as potentisl heat in the char and gus was greater when dried lignite was _
gusified, As the overall gssification reactions are endotherric, more potential hest
is present in the sum of product gas and char at a higher percentage carbon gagified.

More hest was lost as sensible and labent hest in the undecomposed stesm at the
higher raties, At a hydrogen to carbon moroxide rotlo of 2,3, using netural ligaite
as feed, 2.7 to 2.9 percent of the totel heat Input was in the undecomposed stean,
whereas this amounted to 6.7 to 8.8 percent at & ratio of 4. The percentage of the
total hest input in the wmdeccomposed steam at the same retio was flightly higher when
the dried lignite waes used because the preoduct gzs and weter vapor mixture left the
retort at higher temperatures, IFf dried lignite i3 to he gasifisd, design changes
consisting of & heat exchanger to recover the sensible heat in the product gas and
undecomposed stear lesving the retort would result in s 6lightly Ligher thermal
efficiency for the process,

Rzdlation, convection, and wunscceunted for losses were 3 to 13 percent of the
total heat input, At nearly equal heat loss, considerably different percentages of
loss were cbtelined due to veristions in the heat Irput. During peried 11-J, the
losses smounted to 364,000 B.t.u, per hour or 10.0 percent of the totzl input. The
losses for period 12-A were nearly the same, 332,000 B.t,u. per hour, but the per-
centage loss was only 5.0 percent of the total input. Actual losses were 332,000 %o
TEG,000 B.t.u. per hour. The higher vslues are grester than thosc previously reported’
(4), owing to instsllation of a large cxhsust Fan in the roof of the retort bullding.
The fan, operating intermittently, discharged quantities of wars air Trom the retorb
buliding into the stmosphere, and this werm air was replaced by cold air. Fluctua-
tions in heat losses were caused by the intermittent cperation of thls fan.
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r 10

Length of tuse from flanged end, feet
1

T4
15
116
+17
+18

19

| 20
|

Axial plane 1-3

Nominal radius, 24 }”

Radius as received

Scale of deviation

Smallest unit £

i
T
23]

-15

—17

+19

-+ 20
|

Axial plane 2-4

Figure 19, - Radial dimensions of HK alloy retort tube as received.
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The rate of heat transfer ranged from 2,100 to 4,400 B.t.u. per square foot an
hour, the average heat transfer being 3,000, Although no attempt wes made to deter-
mine the actuasl meximum possible heul transfer, the highest rate obtsined in these
experiments 1s in the same range as that previcusly reached (g).

BEHAVIOR CF RETORT TURES

The performsnrce of the metal reaction tube is of primary Imporftance in this in-
vestigation of the gasification of lignite, as the operatlng conditions are unususlly
severe and are wnique for a commercial gasificetion process. Owing to the initisl
cost of a metal-alloy tube of the size used in the demconstration plant, it wes pre-
1oy viously sssumed thet a minimum tube life of 10,000 hours would be required to avoid
L o wfavorsbly high unit production cost (2),

In a previous publlcation, the history and performance of the metcolized and
alloy-cled retort tubes were covered in detail (k). This report gives udditionel in-
i formation coacerning the AE-cast alloy tube and the rerformince of the 310-zlloy,

s rolled-plate tube to dste.

i

E

Table 17 summsrizes the entire operation of the commercisl scale demonstration h
. plant from February 1945 to July 1950. During a total of 5,772 hours of operation

with 4 different reaction tubes there has been produced 53,269 M c.f. of product gas

in partly gesifying 1,178 tons of lignite.

The HK cast alloy;l/ tube was 20 feet, 6 inches in length, hed an internel diam-
eter of 48,5 inches, end a wall thickness of 0.75 inch, It vas Tabricated by welding
. together 2 centrifugally cast sections with a single circimferential weld of 310 alloy

8 inches from the flanged end of the tube. The entire inner gurface of the tube was
xceedingly rough, with channels and pits varying in depth to 7/16 inch, In addition,
-the 2 gectlons of the tube were offset at the weld sesm by ss much as 1/8 inch,

' Deteilled radisl messurements were made gt 450 intervals on the circumference and at
1-foot intervals along the vertical axis, The results of these meagurements, shown
{on an cxaggerated scale in figure 19, indicate the irregularity of the radii, Using
‘these radiel messurcments and a 22-inch nominsl radius (cutside nessurement) of the
Jinner tube, the actual width ot the smnulus as used during run 9 wes caleulated.

The nominal width of the anuulus waz supposed to be 2.5 inches, but the sctusl width
varied between l~3l/32 inches and 3-13/32 inches. This indicates thkat the observed
‘bengup of the charge during run 9 (4) could Lmve been caused by both mequal width of
the anpulus and the roughness of the inner surface of the HE-cast tube.

Bun 10 was begun witha nominal 3-1/k~inch annular Space to insure 3 satisfactory
Wildth desplte the radial varietion in the outer tube. The wnit operated erratically,
and the run was terminated after 33 hours of operation when the cast tube cracked at

the weld seam. Approximetely 128 inches of the 150-inch weld had separated, leaving

the 2 gections held together by only 22 inches of the intact weld.

Figure 20 showe two pletures of the cracked Seam hefore the sections were com-

Pletely separated. Photograph (a) gives an outside view and photograph (b) an ineide
Vlew of the broken weld, 1llustrating the nature of the bresk. M=o, in photograph
(b) the rough inner surface of the cast tube should be noticed.

Ko evidence of corro-
5lan was visible after a total of 151 hourse of operstian,

——

i/ mx alloy hed s nominal compositiun of 25 percent chromium and 20 percent nickel
with small amounts of carbon, manganese, snd silicon,
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TABLE 17. - Summary of operation of commercial-scale pilot plant,
February 1945 to July 1950

Lignite

Run Retort;/ Date Time opersted, processed, | Gas mage
No. tube From- To- hours2 tons M e 3/
Preliminary 1 2-27-h 3-T-45 152 5225 731 ;
1 1 6-13-45 | 6-2h-4s 257 55.4 1,626
Subtotul 1 (L59) (77.9) E: -
> 2 12-6-45 | 12-16-45 258 56.0 2,560 %

3 2 3-6-L6 3-25-46 k18 9h b 4,12,

i 2 L-16-45 | 5-16-b6 5/746 5/187.9 8,690

5 2 12-13-k6 | 12-28-4g 369 54.1 2,300

Subtotal B (1,781) (392,47 (17,68

6 3 9-8-L7 10-k.lh7 625 118.4 5,680

7 3 12-1-47 | 1lo.23-L7 L7s 75 3,273

8 3 1-26-48 | 2-13-L8 429 78.9 3,586
Subtotal 3 (1,529) (P71.4) (12,208)

g 4 4-30-48 | 5-L-48 28 }u.g &40

10 ) 1-17-49 | 1-91-4g 53 L/¢.0 4/23

Subtotul R (151) (20.2) (893

11 5 5-4-Lg 6-2-49 6L 1724 7,30k

12 5 9-8-49 9-26-4g 6/438 6/85.1 5,759

13 5 11-18-49 { 12-18-Lo 730 164 .3 6,979
Subbotal 5 {(1,862) (421.8) (20,042)

A1l
Grand totul types 5,772 1,183.7 53,270

;/ l, spray-coated (metallized) tube; 2, alloy-clad tube; 3, reconditioned alloy-~
clad tube; 4, cast HK alloy tube; 2, 310-rolled plate alloy tube. '

2/ Time to the nearest hour from lighting burners until turned off.

3/ Up to and ineluding run & gas production was measured with an orifice meter;
8 pesitive displaccment meter wes used in all succeeding runs,

4/ Estimated values,

5/ Includes 72 hours when 7.6 tons of char wes charged,

&/ Steam-dried Dakota Star lignite used for run 12.

Figure 21 shows selected portions of the weld efter the two sections had been .
completely detached. Photograrh (a) shows a section of the weld that had not seps-
rated during the run. Three distinct layers gre evldent, with no fusion apparent
belween the middle and lower lsyer, FPhotograph (b) shows a section of the weld thaj
had separated during the test. Distinet layers are sguin visible with poor fusion
spparent. The differently shaded portions of the cross section indicate thet the
feilure had occourred in stages.,

After the fallure of the cast tube, 2 reaction tube febricated from four F-foot
l-l/2-inch-wic1e rolied-alloy plates Joined by 3 circumferential horizontel welds was)
procured. The vertical sesm in esch secticon was displaced 180 from the adjoining i
vertical weld, All welds were X-rayed snd were found acceptable under the provisioﬂsj
of' the applicable ASME code, The alloy used wus a ATST 310 type with a small percent
age of columbium added, The sctual composition as determined by analysis was: Cr,
2h 4-2h.5 percent; €, 0.03-0,06; Wi, 20,8,; Mn, 1.8-2.0; P, 0.018-0.020; Si, 0.50-0.7%
and Cb, 0,69-0.75, All welds were made with 310-type rod with columbium added in thé
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Figure 722, - 310-alloy tuke being {owered into the retort for first fest.
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After run 13

Aftes run 12

Ay received
+a= After run 11
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Figure 24, - Variation in length of radii of 310-alloy retort tube.
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