SUMMARY

This progress report summarizes operating results on the gasification of natural
lignite from five runs of the commerciasl-scale pilet plant at Grand Forks, N, Dak.,,
during December 1946 and calendar years 1947 and 1948, when the plant was operated
for 1,996 hours, A primary specific objective was %o determine the useful life of
the outer mctal retort tiube as it is influenced by corrosion and other factors under
a Wide range of operating conditions., A gecondary ohJective was to develop the tech-
nolegy of production when generating gas with a high ratioc of hydrogen to carbon mon-
oxide in both tke divided and continuous annuli.

Results arc summarized in graphs and tables that chow hydrogen-carbon monoxide
raties from 2.3 to 9 st gas-producticn rates from 6 to 12 M cu. ft. per hr. (thousand
cubic feet per hour), or approvimately 30 to 60 ecu. £t. Per square oot of heated
¢ retort-wall surfuce per hour. Gas Yields ranged from 36 to 54 M cu. £t per ton of
_nmatural lignite or 63 bo 91 M cu. ft. per ton of moisture- and =sh-free lignite,
Froduction rates were higher in the divided annulus, but theee represent the maximum
capacity of the plant only at high hydrogen-carbon monoxide retios when the high con-
centration of excess stesm end low fornace temperature limit gas production. A ratio
of 6 was the highest produced in the contimuous anmilus because mechanical limitatiens
of the auxiliary equipmeni prevented atlainment of higher ratics. The lignite feed
rate appears to influence the production rate more than any other individual operating
varieble, Hest balunces for four pericds when gas with ratios Trom 2.3 4o 7.2 was
preduced with a lignite feed rate of about 325 pounds per hour suggest that the wolen-
tiel hest in the gas is lower st higher retios, owing to increased heat losses in the
excess steam., Heat-transfer rates through the retort tube in these Tour tests were
between 1,500 and 3,000 B.t.u. per square foot per hour. These rates are much lower
than those reached in many earlier teste, but no attempt was made to achicve maximumn
rates of heat transier,

Because the liZfe of the mctal retort tube is particularly importent in the ecenm-
omy of the process, cxperience with several retort tubes is discussed. A mild-steel
tube protected againet corrosion by metcolizing process U5 failed after 449 hours of
Service, partly et Turnace temperatures about 2,000° F. As the coating failed locally
8nd partial collepse wes chserved in the lower reactiom Zone, a tuhe of this kind and
Size 15 not sultable for this service. A double-armor hhé-alloy Pluramelt tube cor-
Toded exccesively in 1,781 hours of service, approximately 10 perccut of which wes at
furnace temperatures above 2,000° ¥, It was reconditioned and used for an additionsl
1,529 hours at temperatures less than 2,000°9 F, Further corrosion was slight, but =2
Progressive imcrease in diameter was noted, probably beceuse of the difference in
- Poelficient of expansion between Ll6-alloy and mild steel, A final run with = cast
HK—alloy tube arrazged with a nomingl E-I/h—inch annulus was discontinued after 98
hours of crratic performance because the lignite railed to flow freely through the
irregular, rough-walled annulus.




INTRODUCTION

Resesrcn on the gasificetion of lignite with sterm was begun hy the Bureany of
Mines in 19473 2e ong prase of a project to ulilize Korth Dakota lignite in henefi-
cisting low-grade Minncsots iron ores., It was envisionsd that gponge iron could be
formed by reducing fine orc with redusing gases rich in hydrosen, which were Produced
from lignite, Interest in the gasification of liegnite Las continues hecsuse the
large reserves Suggest that it is an importent potenticl raw materizl from which
synthesis gas gnd hydrogen for the budding synthetic lignuid fucls industry or to
manufecture cremicels can be produced,

As earlier attempts 1o gasify Awcrican lignites with eteam hag met litile syc-
cess, new equipment for continuous geeification was developed. An earlier report
(l)i describes the development of this process in which the lignite flgws hy gravity
through an snnulus betwoen metal walls, waere it ig gasified in Lhe presence of sleam,
Heat Tor the reactions is trursferred through the outer wall of ths ennulus.

Construction of the commercial-scale pilot plant was begun by the Bureau on the
campus of the University of Norti Dakota in the Full of 1Oks . A preliminary rum was
made in March 1945, afier which the plant was operated 1,861 hours in 1945 and ighsg,
& description of the plant and operating results during this period have been pub-
lished (2), and a theoretical analysis of gasification in externally heated retorts
pas been made (3). At the exd of this period the plant was considered ready for
systematic tests to develop the technology of ges production and at the same time
simulate commercial use of the metal retort tubc In extended periods of scrvice,

The commercial-scale plent was opersted for an additional 1,996 hours in late
19L6, 1947, end 1048. The operating results [rom this pericd are the sub ject of
this progress report, Ia eddition, experience with several metlal retort tubes that
have been used in the plant is reviewcd.
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OBJECTIVES 0T TESTS

Genersl

The general objective of this Investigation is development of a conbinuous proc-
ess for gasifying lignite in en externally heated exnular retort with metal walls,
One phase of. this chjective was atiained with constructicn and successful operation
of the commercial-scale pilot plant at Grand Forks. Since then the objectivec has been
to establish the economy and technology of the process. '

2/ TUnderlincd numbers in Pparentheses refer {o references given under Literature
cited.
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Specific

A primary specific objective of the operations reported herein was to determine
the useful life of the outer metal retort tube g8 it is effected by corrosion snd
other factors under a wide range of operating conmditions, Utilization of @ metal
tube at high temperature to facilitate the transfer of heat for the gasification
reactlons is a wnique feature of the Plant, and it must be demonstrated that metals
with satisfactory performance and maintenance characteriestics from a commercial view-
point are available.

Each of the runs had a secondary specific objective related ta the technology of
the process, In two of the five runs, the secondary objective was to produce gas with
a high retic of hydrogen to carbon monoxide in a divided snnulus with upper emd lower
reaction zones. In two other runs the capaclty and flexzibility of the plant were in-
vestigated when the reaction zone was s conbinuous amnulus, Az theoretical considera -
tions suggest that en annulus less than 3 inches wide should produce mere gas because
the lignite should reach a higher average tcmperature and ihe rate of reaction with
steam should incrcsse, a fifth run was attempted with s nominal 2-1/h-inch divided
armulus.

DESCRIPTION OF COMMERCIAL-SCALE PILOT FLANT
General

The gas generator end auxiliary fecilities were constructed on a site provided
by the Univereity of North Dakota on the campns at Grand ¥orks., The site, progrese
of construction, plant, and other facilitics have heen described (g). The guxiliary-
Plant equimment has not been altered in any essential way, although in November 19k47
the o1l and shaving scrubbers were enclosed to proteet them agsinst Treszing westher,
The plan of the plant and facilities is given in figure 1, and a general view may be
seen in figure 2.

Flow Diagram and Description of Operations

Figure 3 shows the basic flow disgram of the plant, which will be utilized in =
brief description of its general operatlon. The dlagram shows the divided-annulus
arrangement of the retort unit as used in scme tests. ILater the arrangement of the

‘retort for cach test will be discussed in detail.

Lignite enters the charging dome from the feeder in small increments at a con-
trolled rate and slowly descends into the externally heated ammulus. Steam, super-
keated by waste flue gases, Joins the lignite as it emtcrs the annuwius from the
charging dome, Heat transferred through the cuter metal wall of the amnulus dries
the lignite and then carbonizes it, with formation of gas and tar. As downward flow
continues the temperature incresses, and reactieons between gas, tar, etesm, and lig-
nite cher form gas with hydrogen, carbon moncxide, and carbon dioxide as the princi-
pal constituents. About twe-thirds of the length down the annulus, gas and uvnreacted
steam flow through the gas offtake in the inner wall and upward in the center of the
retort. The partly gasified char passes on down through the lower annular reaction
zone, where further gasification takes place by resction with steam superheated by
heat exchanged with the hot product gas in the center of the retort. The superheated
Steam flows into a steam chest connected to the hottom of the annulus and thence up-
¥ard In it. Char, the residue of ungasified lignite, is extracted continuously at
the bottom of the unit.

Hot gas leaves the top of the generator and flows through the condenser gnd
Serubbers on its way to the meter. Part of the clean, cool gas heals the generator,
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and the remainder is stored in tne holder or piped to the University power Dlant,

The heating gas is pumped to a bustle pipe st the bottom of the gemerator and from
there flows to the burners through individusl feed pipes. Alr for combustion, pre-
mixed with approximetely four times its volume of products of combustion, 1s Preheataq
in the recuperator and enters the Space at the fop of the furnace, The eir mixture
then flows down through individusl flues to each burner.

The diagram shows the locations of thermocouples in the generator and waste-
gas syslem. They are nusmbered to correspend with the numbers given with the dats
on temperature,

The compositiou snd volume of gas, which is produced continucusly, as well sag
the percentage of gasification of the lignite, are controlled by the limnite feed
rate, the steem-flow rate, and the temperature in the furnace, After the rate or
char removal (approximately'corresponding to a predetermined lipnite feed rate),
furnuce temperature, and steam-flow rate have been Tixed, the lignite feed rate
finally is readjusted to mainluin a constant level in the charging dome.

The Retort Unit

Sketekes in figure b show the arrangements of the retort unit in runs 5, 6, 7,
8, and 9. 1In the first four of these rums the sume outer metal tube was used. Tt
is a cylinder 48 inches in intcrmsl dismeter and 20 feet & inches long, with a hested
area of approximalely P10 square fect messured on the inside., This tube wudg Fabricated
from 5/8-inch, double-armor type-U46 Pluramelt that consists of & 3/8-inch mild-steel
corc clad on both sides with a 1/8-inch integral layer of W6 alloy.b/ Refore these
runs, it had been used for 1,412 hours.

The imner tube for run 5 (see fig, 4) was a mild-steel cylinder with an ocutside "
diameter of 42 inches, which formed a neminal J-inch annulus with the outer tube. o
About one-third of its length from the bottom is a double gas offtake, through which
the gas flows to thc center of the wmit. A conical, mild stcel dust collector is
welded inside the lower cection, forming the lnner wall of the steam chest, The
heavier dust that blows through the gas offtake falls into the dust collector and
flovs out through the center pipe in the boltom. This arrangement with the gas off-
take in the inner wall 1s cglled a divided amnulus. The length of the upper reaction
zone is taken as the vertical distance along the immer tube of the ammulus from the .
seam at the top to the upper edge of the gas offtake. The length of the lower reaction
gone is the distance from the seam at the lower edge of the ges offtake to the bottan
edge of the inner tuhe.

The Inner tube for run 6 was the same as for run 5, cxcept that the dust collectdr
forming the inner wall of the steam chest was cylindrical (sec fig. 4). The outlet
for blow-over dust in the bottom of the dust collector was closed by a cone plug valve
controlled by a hand wheel st the top of the unit. The inner tuhe from run 5 was
modiried for run 6,

The inner tube for runs 7 and 8 was a continuous mild-steel cylinder 42 inches iy
cutside diameter (see £ig. 4) that formed & nomlnal 3-inch annulus with the outer tube.
All steam for gusification enters with the lignite et the top of the continuous ammu- .
lus, and the gas and char are removed st the bottem. No special provisions are needed
for blow-over dust, as it is extracted with the char, The length of the continucus
annulus 1s the vertical distance nlong the inmer tube from the seam at Lhe top to the
bottom cdge.

6/ Chromium, 23 to 27 percont; carbon, 0.35 perccnt maximim; nitrogen, 0,25 percent
maximum .
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The outer tube for run 9 (see fig. 1) was the same length 2s in the other rums,
20 feet 6 inches, but the internal diumeter was increased to 48-1/2 inches. Tt was
¢ast by a centriiugal process from HK alloy;i? with a well thiclmess of 3/4 inch.

¥ The slight increase in internasl dismeter causes a negligible change in the heated ,
§ area (approximatcly 210 square feet). The inner tube was 4, inches in outside dism- ok
1 cter to form a neminal 2-1/k-inch annulus, With this narrower ammulus the inner tube
;“shuuld be hotter at the same furnscc temperaturc; therelore, 1t was fsbricated from
:_'ugo alloyﬁf to incrcase 1ts corrosion resistance, The single gas offtake was extended
i{upward with 1fh-1nch-mesh screen to catch coarser solid residues and prevent them from
3 plowing over into the dust ceollector. As in run 5, the steam chest was cylindrical,

§ put the valve at the oublet of the dust collector was cmitted, The steam tubcs were
Isﬁstraight and supported the steam chest and lcwer part of the inner tube on an adjust-
3. sble suspension seat mounted at the top of the unit., This CGesign permits limited

1. changes in the srea of the gas offtake.

Fuel-Handling FEguipment

The original coal conveyor did not work well omn lignite. Before run 5 a new
chain fitted with flat vanes at 10-inch intervzls was installed, These changes and
addition of a vane feeder at the inlet have resulted in satisfactory perfermance, The
conveyor, screen, and weigh belt ilndicated in figure 3 were used in these fi ¢ runs,

Fuel-Charging Mechanism

In carlier experimcnts lignite was fed to the charging dome in batches of approx-
imately 1,500 pounds, EBExperience with this method suggested that more uniform perform-
ance would be achieved if the lignite was fed in small increments at a uniform rate,
This was accoumplished with & reciprocating incrcment fecder and rotary bleock-valve
charger, as depicted at the fop of the gererator in figure 3. Feeder delivery is con-
trolled with a gate and may be adjusted between 2.0 and 3.9 powmnds per stroke. The
' feeder and charger have a common, adjustable-speed drive, so that 200 to 1,600 pounds

per hour of lignite can be fed into the charging dome. This deome is purged conbinu-
ously with about 240 cu. ft. per hour of cold products of combusticn {POC). Figure 5
~ shows the feeder and rotary-valve charger and figure 6, the drive mechanism,

&

Although the Ffeeding system worked very well in these experiments, the body of
_ the valve, despite greasing at intervals of 3 hours, was abraded by fine lignite dust.
O A3 a precuutlonary measure the valve was replaced before each rum.

BT T

Char Discharge and Blowover-Dust Receiver K

“ Char was removed continuously from the bottom of tThe unit with the same rotary )

scraper employed in previous runs. In run 5 the extracted char fell into a hopper, -
' from which 1t waes removed by & preumstic system, which has been described (g). The
: blow-over dust flowed from the cone-shaped collector inte demountable cans through .
g 2-inch pipe concentric with the axle of the scraper. :

p R

The seme system was used to remove the char in rurm 6, bub the collection of blow-
over dust was wmodified. This dust was dumped into the char-discharge system periodi-
© Cally by raising the valve in the bottom of the collector. To determine its weight,
the char cone was emptied, the wvalwve 1lifted, and chsr-blow-over dust coliccied bo-
gether for a measured time. The weight of char was known from previcus measurements,
and the blow-over dust was calculated by differerce,

l; Nominadly 2% percent chromium and 20 percent nickel with emmll smounte of carbon,
5 manganese, aud silicon.
81 8/ cChromium, 1k to 18 percenmt; carbon, .12 pereent maximum.
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With the single amuulus in runs '/ and 8, only char is collected at the hottom of
the retort, During periods A and B ol mm 7, the pneumatic discharge systenm blockeq
frequently and was sbendoned thereafter. 7Tt wes replaced with a flanged-mouth can
bolted direcily to ths discharge cone, The can is removed and weighed periodically
to determine the welsht ¢f char,

Similar cans weyc used as rceceivere for both the char and blow=-over dust in riun
. As in run 5, the blow-over dust wus withdrswn through a 2-inch pipe concentrie
with the exle of the scraper, Filpure 7 is & pictograph of the receivers with thet rop
char in the foresround.

The can used as the char receiver was purged with sbout 165 cu. ft. per hour of
products of combustion., When an independent dust receiver was used, it was purged
with zbout 315 cu, ft. Per hour of products of combustion,

Recugerator

Imspection of the recuperator after run 5 showed that = large mumher of the
Sicromo 5-8 tubes had corroded to destruction in the upper and hotter section, al-
though they were in goad condition in the lower and cocler section, The corroded
perts were repleced by 18-8 2lloy tubes welded to the good lower section of the olg -
tubes, except that the 10 offset tubes on the outer circunference wers abandoned,
The present recuperator hes 258 tubzs instead of ihe original P68. When these re-
pairs were made, the upper tube shest and the four upper baffles were replaced with
new ores fabricated from 18-8 alloy. B8ince this maintenence, the recuperator hae
reguired no other sttenticm,

Instriumentation and Moihods of Obtaining Data

The piiot plant is well-cquipped with instrimeonts to contro! its operation and
record essential desta. Because the process is continuous, emphasls is placed on de-
termination of rates of flow. Figure 8 showe the instrument panel st the centrsl-
control station,

To the left ere the menometer tubes indicating pressures throughout the plant,
The inclined gages irdicate furnace rressure and the flow of gas and air to the com-
bustion spuce, Above these zre the two disl indicators for steum flow to the upper
and lower reaction zones. To the right of these is the dial of the recording flow-
meter for the volume of rroduct gas. The block terminal for thermocouples appears
at the lower rizsht with g temperature recorder above it. A curbon monoxide indicator
and alarm appears st the upper right,

Not visible in FPigure 8 are tre indicating and recording meters for carbon di-
oxide in the finished gas and products of corbusticn. The latter was installed after
run 5. The Ranarex meker for specilic gravity of the product gz28 is not visible.

A belf-type welighlometer was used to weigh the lignite, Before eack run it was

calibrated by collecing the delivery tor a messured timc snd weighing it on platform -
scalesg.

After run & a Roots-Commersville low-pressure positive-displecement gas meter
was Iinstalled after the Scrubbing system, Thc record of this mefer was accepted as
the volume of product gag in runs 7, 8, and 9. The recording orifice meber nas been
retuined primerily for plant control during tests,
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The heating value of the product gas was measured in a Theomas recording calorim-

_ ter and checked frequently by calculations from gas analyses mede in a Burrell-Oreat
$ pulld-up analyzer, in which acidulated water saturated with sodium sulfate was the

- confining iiquid, Carbon dioxide, illuminants, and oxygen were determined by the
- usual absorpblon methods, using solutions of polassium hydroxide, fuming sulfuriec

cid, snd alkaline ryrogalleol, respectively. Carbon monoxide and hydrogen were
‘ determined by cractional combustion on copper oxide, whereas methane and ethane verc
- determined by catalysic combustion with oxygen. HNitrogen was determined vy difference.

Samples for gag analyslis were collected from the cublet pipes of two dry tanks
of about 30 cubic feet capacity each, Clesn, cold gas flowed through one tank at the
rate of 60 cubic feet per 12 hours and through the other at 60 cubic feet per 24

" hours. A sample of the effleunt gas from the ¥irst tank was taken at the end of each

i 12 hours during a test period and from the second at the end of each ok hours. Thus,

> ip a normal tecst period a minimum of three ges samples was collected and analyzed.
The analyses of these threc samples, or more if +the test period exceeded 2L hours,
were averaged to obtain the representetive analysis rcported for each period. It was
found that the results of the three analysis arc in good agreemenl bocause the test
pericds werc preceded by u stabilization period, were long, and uniform conditions
prevailed., 4As a further precaution, the results wers verified fregquently by analysis
of greb samples taken from the inlet line to the tanoks.

Undecomposed stean was determined by weighing the condensate from a meagurcd,
cooled volume of product gas. A sample line conducted hot, wet gas from the top of
the retort through a water-cooled metal condenser. Condersate from the condenser was
withdrswn through the U-trap and welghed. The volume of residual, saturated gas wWas
measured in a web-test meter, and a correction for water vapor in the residusl gas
was culculased. Trom 10 to 50 cu. ft. of gas was used in the determination, depend-
ing upen the amount of undecomposed csteam in the product gas.

METHOD OF 'I'EST

To assurc relisble results, each tesi period was preceded by a preliminery stabi-
lizing period of aboutl 2k howrs. I7 steady operating conditions were established, the
following peried of ok hours or longer constituted a test period, exceph for a few in-
gtances of less than 2k hours., During a test no gperating conditions were changed,

. except to maintain the prezclected lignite and steam rates and furnace temperatures,
Changes in conditions between testis usually were limited te one major variable, but
in sny event no test was begun until operating conditions had been stebilized. All
results are averages of periodic readings or of records Fraom recording Instruments.

Accuracy of Results

Exireme care was taken to keep all lnstruments in good operating condition, and
it is believed that the accuracy of the data is within the limlts gencrally accepted
as applylng to the individusl instruments. Orifices for steam have been calibrated,
and these results have been corrected. The orifices measuring product gas, heating
gas, and air to the furnace and recirculated products of combustion were not call-
brated, as no facilities were available. Because the same orifices have been used at
all times, volumes thus measured should be consistent and comparable.

Beginning with run 7, the gas volume indicated by the positive-displacement
meter was accopbed hecause the meter has a guaranteed accuracy of 0.5 percent. Com-
parison of the metered volumes with those caleulated from the orifice readings showed
discrepsncies. BDiffercnces were oot related to the volume of gas or to the conditions
of operabion but became greater during a run. Discrepancy never exceeded 7.5 percert,
and the displacement meter showed consistently higher volunmes.
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