SIMMARY ABSTRACT

This progress report covers the period from January 1949 to the end of the fiscal
ar, June 30, 1950, Three runs were successfully completed, and one run was terminated
the result of failure of a cast reaction tube. Including the abbreviasted run, the
pasifier was operated for 1,915 hours, during which some LZ8 tons of natural snd steam-
dr fed lignite was pertly gesified in producing 20 million cublc feet of gas. Ges-pro-
fuction rates varied from 7.8 to 16.4 thousand cubilc feet per hour, the latter being

he highest production rete ye=t reached; hydrogen-carbon monoxide ratics of the product
888 veried from 1.85, the lowest ratio yet produced, to 6.5; and heat-trsnsfer rates
through the hested wall of the outer tube varied from 2,100 to 4,400 B.t.u. per sguere
ot &n hour,

The genersl obJective of the project 1s to establish the technology and economy

of the gasiflicetion of lignite in sn externally heated,metsl, sonular reteort. Specific
Jectives include determination of the useful life of the metal retort tube, which is
continuing problem, and special obhjectives that were established for esch run as

rt of the systematic investigation of the bagic verisbles of the gasification process.
For runs 10 and 11 the speclal cbjective was the influence of the lignite feed rate on
gasification, for run 12, a comparison of dried and natural lignite, and the production
Of gas having & hydrogen-carbon monoxide ratio less than 2; and for rum 13, the imnflu-
ence of a graduslly Incregsing stesm rate with steam admitted 4o eltker the upper or
Yower resction zomes. In addition, durlng each run the suifur distribution and con-
Cenfretion in the preduct gas end cher were investigsted.

; Experimental results cbtained using the lignite feed rate as the variasble indi-
cated thet the gas yield per ton of natural lignile varied inversely with the feed
te,

: Comparison of the gasification of natural ond steam-dried Dekota Star lignite in-
dicated that the dried lignite was a superlor gasification meterial because:

1, The hourly gas production was higher at normal combustion space
temperatures under nearly egual experimental conditions.

2. On the moisture- and ssh-free basis, a considersbly higher feed
rate could be maintained at a relatively high percentage of
carbon gasified.

3. At nearly equel moisture- and ash-free feed rates, the specific
gad yield was higher.

The locatlon of steam admission was found ¢ be important because the gas yield
er ton of metursl lignite was higher when at least a portion of the process stesm
98 admitted to the upper reaction zone.




Heat balances showed the potential hout in the ges and cher to be 71,8 to 83,6
percent of the total heat input.

The sulfur concentretion in the product gas wag low, being in the Tange of 15
to 140 grains per 100 ou, 1., of which 1.5 to 2.3 grains was orgenic sylfur,

Careful measurementsz and inspection of the 310-81loy rolled rlate tube
runs 11, 12, and 1% showed na excegsive corresion; however, some radial defo
had ocecurred indicaling that deformation or crecp might be the limiting
life of the tuhe,

following
Imatioy i
Tactor in the

INTRODUCTION

This progress report, the fourth of @ series, prosents the continuastion of the
work o the Buresu of Mines in cooperation with the University of Northk Daxota en the
gasification of lienite in an externally hested apnular retort during 1949 ang to ths
end of the fiscal year, June 30, 1950, XPrevious publicuetiomes have covered the history
and development of the project (;, g),_ theoretical aspects of gasification In exter?
nally heated retorts {g, 2), and the progress of the project until the end of i9h8 (h)

The research on the gagification of IHgnite wes initiated by the Bureau of Mineg &
in 1943 in an attempt to link the beneficigstion of the low-grade Mirmesots iron ores:
with the extensive lignite deposits of western North Dekota, Interest in the gasip]-
cation project hes been sustained by the possibilities of using the product gas as s
raw material in the Fischer-Tropsch synthesis for the Troduction of asynthetic fuels
or as e basis for hydrogen used in the hydrogenation of coal.

The commercial-seale demonstration plant was operated for an additional 1,915
kours from Jamuury 1949 to the end ot the figeal year, June 30, 1950. During this
peried 20 million cubic feet of €n& was produccd in the course of the Bystematic
investigation of some of the wvarisbles of the gasification process. 'The results of
these investigstions are presented in this brogress report; and the analysis of the
various phases of the gasificetion process is being published in g Separate series of i
reports (5}, In addition, the Tailure of = centrirugally cast rotort tube is dis-  al
cusged, and the behavior of a 310-alloy rolled rlate tube during adpproximately 1,300
hours of operation is reported,

Recormendations for the design of commercial plants, as well gs cast data, will
be presented in a future report.
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OBJECTIVES OF GASIFICATION EXPERIMENTS
Generel
he
+ The general obJectives of the investigaticns remained the ssme as previcusly
the reported (&). For the convenlence of the reader, these objectives are again briefly
story stated as:
Tte
5 (i) 1, Development of a continuous process for the gasification of Ilignlte Iin
- an cxternally heated annulsr metallic retort. This phace wes essentially
iveg completed hefore the present report with the successful operation of the
res demonstratlon plant.
ifi-
s 3 2, Establishment of the technology and economy of the process, a continuous
13 part of the project.
Specifiic Objectives
3 : . . . .
s The primary specific objective of the Grand Forks Demonstretion Plant is still
determination of the useful life of the ocuter alloy tube under various operating con-
of ditions. A satisfsctory life is necessary for the success of this gesificatien proc-
s ess; thus, experimentation must show that heet and corrosion-resistant alloys are
3 of “available Tor commercilal operation over an extended period and undey prevailing
- ‘operating conditions,
300
Becondary specific objectives include gethering additional information concern-
ing the technology of the gasification process, Gpeclfic objectives were formudated
31 for each run ss part of & long-renge investigetion of the influence of the operating
variables on gssificetion of ligmite.
- Funs 10 and 11:
. The specific objective was to determine the influence of lignite feed rate on
-~ the gegification process and on the cepacity of the retort under comperable experi-
. mental conditions at 4 different hydrogen-carbon momoxide ratios of the product gas,
" ranging from 2.3 to 4.6, The combustion space temperatures end the steam-lignite
An- ratic were to be kept constant for esch set of experiments, whereas the lignite feed
ge rate was changed. As run 10 was of only 53 hours duration, becesuse of the failure of
of the cast tube, the progrem estsbhlished for that run was carried out during rmn 11,
Run 12:
E.

The gpecific objective was to investigste gasification of steam-dried lignite

under conditions similar to those of rum 11, =0 that the gasification characteristics

of the natural and dried lignite could be compared. In eddition, the program speci-

iied the manufacture of a product gas with & hydrogen-carbon moncxide ratio of less
an 2,
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Run 13:

The specific objective was to investigate the influence of g graduzlly incregg
steam rate, with steanm admisslion either o the lover or upper reaction zomne, gn tha
Performasnce of the 88 generator., To provide compareble experimental conditiong it
was necessary to keep the lignite feed rgte and the coubustion-space tenperatire
distribution constant,

Ing

Special ohjectives were similar for sach run. Frojects such gs determination
the concentration and distribution of the sulfur in the vroduct gas gs bydrogen 51Ul
fide and organic sulfur, depending on the operating conditions, were accomplished for
the respective periods of esch run,

BESCRIPTION OF COMMERCIAL-SCALE FI10T PTANT
General

Detailed descriptions of the Grand Forks Pilot Flant and suziliaries have beep
given in previous publications (2, B). 'The plant ig at the University of Nortn Dakotg
Grand Forks, N, Dak., at g site made aveilahle by the university., No major changes 1p
the plant or suxiliary equipment have been made since the tast report (L). A plap vie
of the site and fecilities and en serisl view of the area are shown in figures 1 ang

Flow Diggram of the Demonstratiorn Plunt and
Desceription of Ouerations

The Fflow disgram of the gasification process given in figure 2 shows the divided
annulus arrangement of tle retort used for the four runs herein reported,

The only operaticnai change wag edjusiment of the lignite feed rate, ¥ormerly
(L}, the char removal rate was set, wheress the feed rate wae regulatea to maintain g
constant height of feed in the charging dome, The present procedure is to set the
reciproceting feeder ot 8 precdetermined position and then adjust the char removel rate
So that the height of cliargs in the dome remaling nearly constant, This chenge affords
closer control and gllows the steam admwission to be regulated as g function of the fee
rate, To cbtain good results with this metheod of operation, the lignite fead rate ha@
to be set accurately, This required calibration of the reciprocating feeder at various,
settings of the variahle gpeed drive and at different gate heights, '

-

A significant change was glso made in the hegting-up Procedurs, Beginning with
run 11, crushed ang sireencd gas coke instead of char was used to 111 the annular
Space while the retort was being brought o operating temperature, Little resction
cf the gas coke otcurred with the 8tesm, end the unit wag brought to temperature with
uo tar formation or dust blow-gver,

Retort Unit
D=t Unle
Fundamentally the retort unit used for rums 10, 11, 12, and 13 was similar to
that previously describeg (g, &). Figure L shaws the varlous arrangements yged for
these runs,
Run 10;
The BEK-alloy, centrifugally easi outer tube obtained for run 9 was ugeq again,

The inner tube for run 10 vas made of mild steel and was b2 inches in vutside diameter,
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Figure 5. - Steam chest being lowsred into retort.
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providing a nominal 3-l/h-inch—wide annulus with the cast outer tube, The annulasr &is-
- tenee wag increased from 2-1/4 inches to 3-1/4 inches, to insure even flow through the
‘rough, irregular smnuius. Other features of the unit were the same ag for run 9.

Pun 11:

4 310 alloy,2/ rolled plate tube having a 48-1/2-inch 1.4, and a 1/2-inch wall
- thicknese was used as the outer tube,

The 1/4-inch-mesh screen fastened to the come of the ges offtake was removed for
“mm 11. Also, the skirt, which previously was welded to the lower end of the ouber
tube, was taken off. This skirt allowed the width of the gas offtake to be varied

" without changing the actusl length of the inner tube. Because in these runs the gas
Y offtake wes to be held at a constant width, there was no necessity for this skirt.
"Te maintain the same length of the reaction :zone, 15 feet, a 3—5/8—inch—high ring of
‘mild steel was welded to the stecam chest.

' The come on the steam chest was lengthened 2 inches in a vertical plane, so that
g 2~3/4-1inch overlepping of the cone and the upper section of the immer tube was main-
tained when the retort was heated., This overlapping was necessary to prevent excessive
: amounts of partly gacified lipmite from falling into the blowover dust collector.
“Figure 5 shows the reconditioned stcsm chest being lowered into place.

: A large packing gland (fig. 6) was designed to improve the seml between the ocuter
" tvbe and the char-disposal unit. This packing glend wes constructed so that it could
- he adjusted at sny time during a run, thereby maintalning a tight seal at any expan-
‘sion of the ouber tube, It consisted of a 1/2- by 4- by 160-inch circumferential ring,
“which fitted between the collar of the char-disposel unit end the 310-alloy tube.

- Twelve equidistant plates 1/2 by 1—1/2 by 2 inches were welded to the top of the
foircumferentiel ring, The plates were drilled so that = l/ﬁ— by ll-inch standard boli
~could pass through., Twelve short pieces of l*l/Q—inch standard pipe were welded to
.the char-disposal unit so thet the bolis would commect the plates with the char umit,

. The space between the char-disposal unit, the inner tube, and the ring wes filled

- with pslmetto packing, Adjustment of the nut on the bolts kept the packing under

. pressure at s8ll times.

_ The inmer tube and the annular width of the reaction space of 3-1/4 inches were
 the game for Tuns 11, 12, end 13. The only change made in the retort mmit sfter rm
11 was addition of a gecond flame guard of 310-alloy plate on the outside of the alloy
tube st 12 4o 14 feet from the flanged end. Thig flame guard was te prevent direct
"impingement of flsme Trom the second row of burmers on the gas-offtake area, thus
preventing overheating of the tube wall at that point of low heat consumption,

- After mm 13, the lower row of spacer bars welded to the outside of the Imner

. tube wes removed end replaced by a stiffener ring welded to the inside of this tube.
" Thie wes done because constriction of the amnuler reacltion space near the lower row
of spacer bars mede it difficult to remove the immer tube.

Auxiliery Equipment

_ The lignite-handling system, consisling of vane Teeder, conveyor, vibrating
. 8¢reen, and weighbelt, operated satisfactorily without medification from the previous
. Tuns,

97 Tomposition of slioy im percent: Or, 4.35-24.49; Ni, 20.76-P0.80; C, 0.03-0.06;
Ma, 1.85-2.00; B, 0,018-0.020; 8, 0.008-0.017; 8i, 0.50-0.74; Cb, 0.69-0.75.

- 5481 -5 -




The wethod of feeding small increments to the retort, uging the rotating Plug
valve interconnected by an ad justable fpeed drive to the reciprocating feeder, 8lsg
was salisfactory, 7o Secure more wniforng distribution of lubricant 4o the valvpe
body, the position of the greasing cups wasa changed, and a zirk grease fi1tting Wag
pPlaced at the back, The greasing schedule was 8lightly modifieq when the interyay
between gressings was reduced Tron 3 hours to 1 hour. 'The valve weg dizmantleqg ang
cleaned or replaced before eack run.

Char and blowover dust Were removed from the bottom of the dust cellector by
the seme arrangements as were previously described fop rm 9 (1), Rerore run 12,
the 1-1/2-inch vipe comnecting the blowover dust collector to the blowover dust cgp
Was replaced by steel tuh » Which haad approximately the same outside dismeter but
hed an intexpal dlemeter of 2 inches., The Incresse in internsl diameter Prom 1-1/2
to 2 inches facilitated removal of the dust from the charbar ung reduced the tendency
of the connecting pipe tg plug, :

The Scrubbing syster was ot changed, and the only work necessary was Preventive
maintenance, Cleaning of the Reschig rings in the water gerubber, ang replacement op
the crushed coke ip the coke serubher,

The recugerator in which the primary sir ang reclrculated £,0,0. (Produots of
Combustion) are heagted by the hot Flue 228 opersted satisfactorily'after the 18-8
81loy tubes replaced the corroded portion of the Sleromo 5-8 tubes after run 5,
However, since the Slerome 5-3, 18-8 combiration tubes were considered to be a terpo-
rary expedient, new 23-12 tubes were ordered when the recuperator was repaired. After

tubes febricataes of 23-12 alloy. The lower ring, which Supported the recuperator-tiy
nest, was shortened 3 inches to prevent the top portion of the tube nest from blockin
part of the upper duet in the junction box after the recuperstor is ut operating tem- -
perature, Figure 7 shaws the reconstructed recuperator-tibe nest,

Instrumentation, Methods of Testing, Obtaining Duta, ang
=3, Hna

Aocuraox of Results

A complete deseription of the plant Instrimentutien and methods of testing and
chtaining results gng g discugsion of the accurascy ol the observed information have
tecn presented in brevious publications (2, Ly, Reference shoula be mude to those
sources for detajiled information,

The volime of Product gas was measured by a Roots-Connorsville low-pressure pos-
itive-displucenent neter, and the composition was determinad by snalyses with g :
Burrell-Orsat analyzer on g minimum of three famples for euch test bericd. The carbon
dioxide content of the product gas and products of combustion (P.0.C.) were recorded
by Republic meters, A recording Thomas calorimeter measured the heoot valuye of the
Product gas, and a recording Reansrex meter recorded the Specific gravity, The Orsat
analysis and the caleulatagd specifio gravity were useqd in calculations, Whereas the
instruments were used Ffor plant operation ang control,

£ belb-type weightometer wags u2ed to determine the lignite feed, Previously,
calibration of this Instrument consisted of weighing a +imeg Semple on a platforn
Bcale, Beginning with run 12, the change in the ereep load of the weightometer used
to determine the lignite feed rate was elso taken into considerstion,. The creep load
per urit time was determined before and after the lignite was charged to the feed bin,
aod an average rate of creep load wsp calculated, Using this average rate gnd the
loading time, a correction tactor +e be spplied to the indicgted welght of lignite
Was established, This method increagsed the accuracy of the determination of the
welght of lignite feq to the retort,
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