toth the fnside and outside, This process produces & buill-up, corrosion-resistant
coating that consiets of 0,0L5 inch of chromium-nicksl alloy on the steel, a second
coat of 0,004 inckh of pure sluminum, and a thin seal noat of patenled compositian.

Thls spray-costed tube was used W9 hours in the prelimirary trial ead first
perimental run., The highest furnsce temperature during She preliminary trial was
aporoximately 2,000° F., bubt in run 1 was about 1,800° F. Examlnation efter thes
runs showed thet the coating had blistered and sceled errstically near fThe gass o¥f-
take and for severa: teel bolow in the lower reaction zone. Tn this gencral regil

e 1n

[=ha

r
g iayer of solt ash, wvarying in thicknesss frem 1f8 to 1 dnch, wss fournd on tre Inside
of the tube, ihne ash deposit does not appesr to causa these effecis Ly chemical
action bul may reduse effective heat transter, ss bubbles, beads, and larger blisters
were ogbserved on the sutside of the tube in the same region near the middle row of
burners. Most of the costing was intact when the tubc wos discarded.

i oonz place in
el

[

Tn sddition to this corrosion, the itube had pegun to collapse
5 same region, and it was cbvious thet the cross section was no longer circulsr,
original 4-inmch srmnulus had changed and it was estimaied that It veried from
/@ to 5 izchee. This distortion ilndicetes that mild steel lacked strength for
suck service, perticulerly at the higher temperature,
Trnese observulions indicate thet a eonrey-costed sieel tube of Lhis size Is not
sallsfactery for this sarvice.

41]ay-Ciad Retort Tube

Next an alloy-clad retort tube was used for 3,310 hours. This tube was fabri-
cated from deuble-armor Plurmeclt and consisted of a 1/B-inch integral lasyer of 446
alloy cluedding on esch side 32 2 S/H—Tnch miled-steel core. A1l gints were welded
with steel rod at the core und Shon covered with LIS alloy opposite the cledding.

Severe corrosicn oF this tubs probably tock place during run 4, when furnace
temperatures excceded 2,000° F., but this condition was rot discovered uatil opera-
tional Aifficulties forced curtuilment of run 5, and a cereful examiration of Lie
tube was muds. On the inside, the chief areas of corrosion werg [rom the gess off-
take down, where for neariy 3 teel therce wes a thick, ferd, tightly adnering, megret-
ite scale &il eround the tube. Bolow this, extend’ng to within 1B irches of the
bottor end, was a soft, flaky, loosely edbering deposit ceomsisting principally of ash.
Tne welded joints in this seneral ares were covered with thick, herd, magnetite scale,
4 gensral photograph of the ares, lookling uzward, 1s shownm in Pigurve 12, The photo-
graph Lo ihe loli in Tigure 13 is a close view of the scsle snd ash doposits alenZ s
vercical welded seam, ard the one %o the right iz the same arsa after cleaning,
{orrosicn of thac tuke surface and deep vitting at the seam ars cbvlious.

As with the first tube, corrosion cn the oubside was found near the middle row
of burners. A gencral view of the blisters and scale 1s skown in igure 1k, while
figure 15 shows the growth of scale over a seenm snd the scovers carrosion where the
scale has broken uway. Corrosion end pitting of the welded seams were guile severe
srd goenerel in this region and were repaired by reweldlng oo the cutside with 310
alloy, but steel wes used on the Insidc. Because of this corrosion, the “ube wes
clegned and inverted s¢ that the upper part, which had shown little evidence <f
scaling, became the lower part in the hotter section of the furnaze.

Buns 6, 7, and § were made with the inverted, reconditioned tubs ai furnace
temperatures up to 2,000° ¥, No importent additional eviderce of vorroulon ¥as
observed, except et Lhe welded scams. As necessary all corroded seams were welded
with 310 alloy, and ther dié not corrode noliceebly thereafter. However, the tube
continued Lo incresce in diareter, as illustrated in figure 156. The scveral lines
show the nomina’ inside dismetsr, the original inside diameter as delivered, and the
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Figure 14. - Blisters and scale on outside of alloy-clad retort
tube after run 5.

Figure 15, - Growth of magnetite scale over vertical weld on
outside of alloy-clad retort tube after run 5.
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Figure 16. - Deformation of alloy-clad retert tube along axial
plane 1-3 during 3,310 hours of service.
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inside diameter after 1,781 hours of service and Tinglly after 3,310 hours. These
measurements were made along & vertical axial plane desighated 1-3, where growth was
greatest apd reached a maximum of nearly 1-1/2 inches in dimmeter. A similar set of
messurements aleong en sxial plane at right angles %o the +ipgt cet showed a similar
incresse in diameter, Growth was not wmiferm either along the axial plane or in any
korizontsl plane, so that cross sections were not circuler after these runs. Possibly
this growth may be sn effect caused by a difference in the coefficients of thermel
expansion of 446 alloy and mild stee%. Tn the temperature range from 70° to 1,300° F.
the mean coePficients are 11,6 x 107 and 14.8 z 107©, respectively. The difference
between them is sbout 28 pereent of the lower cocfficient,

These ohservetions support the conclusion thet a similar alley-clad tube would
not corrode appreciably if the furnuce temperature never excecds 1,%00° . However,
446 aticy cladding on mild steel 1s not recoumended Tor this service because even at
1,900O F. the tube grows continuously. Althoush ash is deposited Inside the Bube in
ull experiments, the scaly nature of the corrosion, as well a5 deep pitting, both in-
side and outside, suggcsts that chemical scbion of the ash is not an important cause
of corrosion, Ash deposits reduce reat tranefer and mey cause corrosion through
locel overheasting.

Cest-Alloy Retort Tube

The retort tube for run 9, approximately 3/h ineh thick, wss cast from HK alloy
in twe sections by a centrifugal process., The upper section, 5 feet 8 inckes lomng,
was jeined to the lowex, 14 fect 10 Incues long, by d single circumferentizl weld of
310 alloy. though the nominal inside diameter was epecitied as 418-1/2 inches,
sctusl dismeters ranged from 48 to 48-13/16 inches, and the cross sections were not
circuler. The incide surface wes rather rough and covered with cavities, grooves,
end pits that rapged frem 1/16 to 7/16 inch In depth.

Tre inner tube of 430 alloy had an ocutoide dismeter of 44 inches to form o nom-
inel 2-1/h-inch divided annulus. Run 9 was begun with 1-1/2 by 1/2-inch nztural
lignite, but difficulty in obtaining free flow through the annulus developed Imme-
distely. The size of the 1ignitc was decreasged in an attempt to correct this condi-
tion. After 98 hours when the size had been reduced to 3/%- by l/k-inch and the
difficulty was still apparent In erratie performance, the run was ghut down.

The retort was opened for inspectiocn, and messurement of the cold tube indicated
varisticons in annulus width between 1—31/32 and 2-13/32 jnches. At the end of the
run, a¢ the retort was being dismantied, lignite and char remained in the nerrowest
part of the snnulus until they were prodded loose. It was concluded thst the run
Tailed because the annulus was narrow and irregular and its outer wall was rough.
The run was toc short to develop any operating data or information sbout corrosion
or other detericration of the tube.

In view of the poor condition of the cast tube and the fact that a rolled-plate
tube of approximately the same metal composition was on order, no further gasification
tests were made during the balance of 1948, but an apparatus to investigate size of
feed vercus width of srmnulus was set up to permit determination of minjmm practical
snmalus widths for various slzes of fuel feed.

Flame Guard

Beginning with run 2, a circular fleme guard of 310 alloy, approximately 4 feet
in length snd 3/16 inch thick has been used to protect the outside of all retort
tubes at the lowest row of burners where the temporature is highest. After 3,408
hours of service na deformation, deterioration, or corrosion 1s apparent,
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Inner Retort Tube

Turing all but run 9, & mild-steel inuer retort tube was used. lthough no
important corrosion has taken place, some blisters with an outer scale of magnetits
have beer chserved in the lower reectlon zone where the highest temperatures pro-
vail, but the number snd extent of such formetions have not been considercd serious,
A thin, tightly adbering layer of sulfide hzs been evident in the upper reactlom
zone, but this condition does not reveal effects of progrcocive corrosion. HNever-
theless, these effecte suggest that a low-alloy inner tube should be used in commer-
cial plants, especially with a narrower snnulus that would cause the inner tube to be
hotter. Mild steel was used for the inner tube in the pilot plant because of the
convenience, ease, and economy with which strictural chenges could be completed.

FLOW OF LIGNITE IN SIMULATED ANNULUS

Because the failure of run § was ascribed %o effects related to the narrgw annu-
1us and the rough outer wall, the flow of lignite was examined in 2 simulated unheated
arnulus of rectangular crosssectlon. One rough wall was simulated with a £flcor plate
that had a wafflelike pattern of ll/32-inch square projections separatcd on every
side by ll/3?-inch channels that were 3/32 inch deep. Flow wes found to be related
to a ratio derived by dividing the size of opening in the smallest screen that would
not retain any of the lignite by the width of the annulus. Free flow slways was ob-
tained when this ratio was less than 0,33, snd the ratio could be incressed to 0,50
if both walls were smooth. No differcnce was detected between the flow of natural-
and steum-dried lignite.

These vesults esgree well with experisnce in rum 9, during which free t'low was
not obtained when the size of the lignite was 3/4.by 1/% inch., Wrere the sonulus was
only 1-31/32 inches in width, the corresponding ratioc was about 0.38 without consid-
ering shrirkage of the lignite caused by drying.

CONCLUS LONS

During 1947 end 1948 the commercial-ecale pllot plant was operated For 1,596
hours on Dekota Star lignite from Mercer County, W. Dak. No major changes in plant
equipment were made for thesc experiments, the general objectives of which were to
develop information wbout the life of the rotort tube and the technology of gas
making.

The special objective of two runs, 5 and 6, was to determinc operating conditions
for generation of gas with a high bhydrogen-carbon monoxide ratio, For these runs the
plent had & 3-inch divided gnnulue with a double gae offitake on the inner wall, Gas
with hydrogen-cerbon monoxide ratios betwecn 4 and ¢ was generated at rates from 7 to
12 M cu., ft. per hour. The lignite feed rate ranged between 270 and 500 pounds per
hour, and the steam rate was controlled between 250 and 1,000 pounds per hour. Capac-
ity performance was not resched at low ratics. At higher ratios near capacity per-
formance was achieved in some periods because the large volume of excess steam present
2t the higher ratics of hydrogen to carbon ronoxide and [lowing with the product gas
through the fixed area of the offtake limits the capacity of the generator. ther-
wige, the chief effect of excess steam wuas to increase the rstio.

The specilal obJjcctive of mumns T and & was to determine the flexibility and capac-
ity of the plant with a 3-inch continuous arnulus. Hydroger-carbeon moncxide ratjos
ranged hetween 2.3 and 6 at production rates from 6.% to 10.5 M cu, ft. per hour.
Lignitc feed rates were wvuricd from 300 ta 500 pounds per hour at stesm rates from
100 to 50C pounds per hour. In general, the performance of the continuous annulus
did not differ substantielly from that of the divided amnulus, excepl that, &t egual
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production rates, the pressure in the charging dome was considerably higher. Higher
ratios then 6 were not rceched, because 1t was considered unwise to allow the prescure
in the charging dome to exceed about €0 inches of water.

Changes in carbon monoxide content were chiefly responsible for changee in the
kydregen-carbon monoxide ratio, as hydrogen in the preduct gas vuried only between 57
end 62 percent, by volume, Changes in the percentages of carbon monoxide and cerbon
dioxide were related, and the percentage of carbon dioxide was a useful index to the
ratio for plant control, The chief factor in coantrolling the rutic was the steam
rate, und high rates corresponded to high ratios, although fwrnace temperstures were
lowered wken high ratios were desired. The lignite feed rate appearsd to he a factor
controlling the volume of gas.

Four heal and msterial balances show that the potentisl heat in the product gas
is from 32 4o 58 percent of the hest input. Lower percentages are associsted with
high-ratio gas, which is generasted with increesed heat lusses owing to increased
amounta of excess steam, Radiation and unaccounted-for heat losses appear to be re-
lated o the furnuce temperature. Rates of heat transfer through the metzl retort
tube were from 1,500 o 3,000 B.t.u. per squure foot per hour, or less than ona-half
the highest rate in earlier tests. No attempt was nmade to achicve high rstes in these
testa.,

Bxperience with three retort tubes is discussed. The first was milcé steel spray-
couted by metcolizing process 45 to protect sgainet corrosion. After kLo hours of
service, during part of which furnsce temperatures exceeded 2,0000 F., the protective
coating failed locally end partial collapse of Lhe tube was observed in the lower re-
action 7one, From this experience it is concluded thaet @ tube of this kind srd size
is not suitable for thisz =service, -

A second tube Tabricated from double-armor 446-zlioy Pluremclt Tailed tlirouxh
cxcesoive corrosion after 2,781 hours of service, approximately 40 percent of which
was at furnace temperaturcs above 2,000° ¥, The most severe corrosicn tock place at
welded seams. After these were rewelded om the inside with stesl snd on the cutside
with 310 zlloy, ithe tube was inverted and continued in cervice for 1,529 hours more
at furnace temperaturcs leoss than 2,000° ¥. The recomditicmed tube showed little
evidence of additiomal corrosion, but there was a progressive incresse in its diam-
eter, which preobably is caused by a difference in the cosfficicnts of expansion of
Lhe alloy and mild steel.

In the divided annulus arrzngement layers of ash have been found deposited where
corrosion 1s most severe. As corrosion is cobserved in thic region on the ouitside of
the tube, it is believed thet chemical effects from the ash do not influence the cor-
rosion on the inside. The ash probably reduccs heat iransfer snd causes lccal over-
heating to aceelerate corrosion.

A centrifugally cast HE-zlloy tube was in service during run 9 for 98 hours in a
retort arrongement with a 2-1/h—inch divided annulus, Erratic performance, which pre-
vented determination of operating resulits, was caused by roughness of the inside and
irregularities in diameter that prevented lignite from [lowing #¥reely in the annulus,.
Tects in e simulated sonulus with a rough wall supported this vicw as free flow wes
chserved whenever the ratio of the size of the largest plece of lignite to the widsh
of the snnulus was less then 0,33, and no pleces were swmaller than i/2 inch., The
corresponding ratic in rum 9 was approximaiely .38 in the nerrowest part of the
ennulus where any shrinkage caused by drying is neglected. When the walls of the
armulus are smooth, & ratio as high as 0.50 may be used.
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Thece resultz snd observations susport the following coaclusions for a plant
withh v 3-inch ammulus:

1. On the basis of present experience, ro slloy retort tuhe should be
neated anove &,000° F,

2, A mild-steel tubs treated by metcoliizing process 4o and the size used in
these cxperinents was unsetiefectory becausc the coating falled locally and partial
collapse waz observed in Lhe Zower reaction wonc,

3, A double-srmor 4hif-alloy Pluramelt tibe withslood corrosion well st tem-
poratiures up o L1,300° F. but falled %o give satisfactory gervices becanse of progres-
sive deformation, probubly owing to a differeancs in coefficienls ol expansion of the
clacding alloy and the mild-steel core. Alloys ased as integral cludding should hawve
—he same courficient of expenszicn as the core netel, ard tre combinavion should have
adequate creep sirenghh at the service tepperature,

L., Layere of ash on the inside of the retort tubs in a divided-unnulus arrange-
ment do not appsar ta cause corrosicm by chemical erfects but reduce heat trzosfcr
and therehy ceusc local overieating end sccelerated corroslon,

5., Gas-vroduction rates were inTluenced chiefly by the lignite feed rstes with
less prozounced effectis from [urmace temneraiure and steam rate. Under Tho prevall-
ing epersiing conditions, highest production rates werce schieved with the diviaed
armulus arrangemcent of the retort.

6. The nydrogon-carbon monoxide ratic of Zas from Lakelu Star lignite ranged
7 = 3]
from 2.3 to 9. A lergc excess of steam wes the chied aoperating control for produc-
tion of the hizhest ratioz, with icwer furrace tcmpersturs as & geconduary control.
7. Exccss steawm reduces the capacity of the pianl a3 well sz the thermal
etficiency of ges productiom.
8. As the product ges from naturzl lignite conbairs 57 to 62 pecreent hydrogen,
bty volumg, regardless of opcrating conditions, chunges in hydrogen-carbon mongxids
ratio are aschieved chiefly inrough changes In tercentege of carbon monoxide.

9. Satisfuctory perfermance and wide flexibility in gus-production rates were
ohtained with either the divided- or continuous-anmulus errangemcut of the retort,
bLut wmder sim?lar opereting conditions the cuntinuous anrulus had w lower capacity
ow.ing to innreased flow rezistance o the lower annulus,
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APPENDIX

Complete operating resulbs, as well as wll anelytical date frem runs 5 through a,
are presented in tables 11 through 1% in this ugpendix., TFor the convenicnce of read-
ers wha are femiliar with the earlier progress report (2), an asrrsngement similar to
thet used in presentsting those results has beon retained,
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TABLE 1%. - Proxirate and ultimetc anslyses of chars send residues
Trom cemmereisl-scale pillet pient, run: 5 through &L/

Froximate, .:r—cent

Run ¥ala- o Mtimste, percent _ U BofSening

apd | Pittehurgh|Mois-|tile |¥Fixed " Eydro~l Car- [Hitro-| Owy-| 2u’- Y L PeT LEmT
period | Zeb. Fo, [ture |matzer|carbon ash2/ gen | bon gen | gem  fur Sojilf"j C(}gifr pouni {esh, °%,
2 | cgmezs | L3 | ic.3 | 65.0 [esa [ L {71 0.5 |1.8]1.2 | - - 1 in,ac] 2t
=5 C-f7523 1.3 9.7 1 63,5 25,9 | —.6 |68.0) 6 3.0 .8 - - 10,500 2,450
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£ -B26913 1.0 | 1:.8 1 48,5 138.8 [ 2.4 1260 .2 SRR TS 1,03 Y53 8,733] 2,420
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&H o-83112 1.4 2.3 | 0.5 2541 1.8 (66.2 f - WE 2.87 ey | 1o,kzp| 2,380
a1 S-83111 1.1 | 0.6 | vig |22.6 | 1.4 |82.1) .5 SR I N B | 4.30 3,390 2,330
7A C-86547 N 5.3 | 56.6 |30.5 | 1.6 1&7.8 5 - 2.8 6.38 2,33 | 1o,780 2,170
{B-0 C-87080 B o8| 0.9 [38.7 § 1.1 |EL.2 L - 13,1 6.TH 3.86 g, hzol 2,410
TD. C-frnby WA 9.6 1 36.2 {33.5 | 1.1 |EL.2] .5 - |z 5.34 L.31 9,9 2050
TE Cc-87023 A o, b 0.1 138E ] 1L [59.8 i - ir.6 5.8 b kg g,260]  2,hun
TF o-87083 S I LoD R 7= N YA I IC- T 5 I IR - |2.5 £.32 4,33 9,500 2,280
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83 _ C-Bydas .5 8.8 | s0.5 (k0.1 =N I S<IE0 ) B - | 3.7 .2 3.2
88 0-89865 b1 7.0l dos(z1.6] 1.0 fee7f b | - 291 8.5 2.9 10,560  &,ka0 _
-]:/' Samples preparcd es uomposite off char, blow-over dust, eand sucp re
g;’ 43n vneorrected for sullur and cavhen reported as 59; and CCa.
3/ In esk; reported sz perucnl of original shar, o “
E/ Sulfur reportsd sz egulvalenl 803; some results ars inconsistent with total suliur in cher,
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