R. I. 428"

From May to October iSMY smell construction proceeded, and contracts

for Turnishing the equipment and major parta of the plant were swarded to
geveral companies. Alter thae land was accepted by the Govérnment, conatruc-
tion proceeded repidly. Figures 4, 5, and 6 show the plant during various
stages o construction. Figures > and 6 show the progreés attained by Docsit- .
per 1, 194k, and Figure 3 shows the plént as it locked when complebed on Feb-
meary 15, 1945, prior to the prelininary test. The cost of the project up %0
February 1, 1945, was $138,100, ) ' -

Betort Building and Shop

The retort bullding was the only new structure erscted dn the plant site.
It is of gtesl with asbestos insuvlating-board sidewalls, and the Interior
stairs eand landings are of steel. The cost of ths 25- by %0- by 60-fo0%
structure was $31,641. The building was erected by a contractor who zlso in-
“gialled all services, including the 5-ton traveling crane, The main retort
‘building ie adequate for the waber-gas generator, the steanm-drying unit, and
part of the condensing equipment, '

! CAn existing structure adjacent to the maln retort bullding was converted
into g shop and a pump and blower room. Parv of the cooling end condensing
eguipment was placed next e the pump, as indlcaited in flgure 1. '

Chemical Laboratory and Services

The chemical laboretory, offices for plant cngincers, instrument shop,
end storage rooms were acused in existing structures, which were remodeled

to accormodete the services. The chemical laboraiory was cquipped with ges-
enalysis apparatus, calorimeters, coal-analysis sguiprment, and other services
necessery for the analysis of fuels. Special sampling devices were et in
the chemical laboratory, and space was available for adjustment and calibra-
tlon of pyrometric eguipment. The facilities are asdequate for testing a gas

'plant but not for reseerch, which reguires spscial equipment and services,

Flov Diagream snd Description of Operatlions

' Figure B shows the original drawing of the Grapd Forks pilot plant bascd
upon the design previously Lested on a small scale.é;/ This drawing was used
iqulanning the arrangement of the large plani, a8 1% shows the major feo- '
ures of the process. igure ¢ gives a more detailsd view of dhe plant as 1t

G ¥a3 prepared for making the first test alter the preliminary run, This fig-
Q{Q; dravm to scale, gives the function and reletive location of auxiliary
Squirment, It should be noted in figure § that the cosl-hendling and weigh-
5giF8 tquiphent is not shown because by Junc 1945 these pisces of eguipment’

84 not been delivered, sand the emergency coel-handling charging bucket vas
mployed to feed lignite to the retort. Also, the char-dlscharging srrangement
18 of different design than that shown in figure 8, which was not used.

 Lignite enters the hopper at the top, which is closed by a tight-Titting
Utterrly valve, The hand-operated cone valves 4t the base of the hopper are
®n opened, and the lignite moves into the charging dome, which connects with

Work cited in footnote O.
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the heated annular section. Steam is introduced in the charging dome through
o Jacket surrounding the. gag off-take pipe, and it moves with the cozl into
the smmular reaction zone. Steam end coal and the products of distillation
from the codl react .in the hedted anmular zoné to maké weter gas, which con-
tains some Cﬁh and 1lluminants derived Lran “the volatile matier frmm the

coal, "The producta of gaasification pass out of the- system through the cen-
ter offteke snd into the cooling and scrubbing system. After char passes

the gas offtake port it encounters preheatéd steam, which is introduced at
the bottom of the annular section and moves upward countsercurrently to the
char, The eteam to the char zone is introduced at the top of the retort nsar
the gas offteke pipe and is preheated belore it enters the lower heated annu-
lay I'G&Cth"l zons.

Char is ramoved from the system by a revolylng scraper, whlch moves the -
residue to & central outlet above the char receivers.  The rate aof char re- o
moval is controlled by regulating the speed of the scraper to give the desire
percentage of gasification., In later improvements the char is handled pneu-
matically and 18 blown from the char receiver to an outside container. -

The vertical retort 18 heated by gas introduoced at several ports. The
air for combustion is mixed with sbout. 2-1/2 times its volume of products of
combustion #nd passes through the recuperator to a bustlc pipe, then to each .
port through separate‘flues. The amount of air introduced is regulated to
be sbout 5 percent more then that theoretically required to burn the gas.

The products of combustion leave the system through a steam preheater,
ag indicated in Tigure 9 A portion of the products of combustion ia cooled
and. then used in the purge-gas system, which can handle dbout 5,000 cubie
fest per hour if necessary. FPurge gas is used to seal the charging systam
and %o flush out equipment that may need repairs,

The producbs of gas:ficat;on leave the retort through the central offtake
pipe and bass directly to 2 wator scrubber. This scrubber cambihes a waah-box
end wetser scrubber, which employs Raschlg rings in the upper section, as the
contact media. A conventlonal water spray cools the ges to within 5°F of
the inlet watcr temperaturze., Thé cooled. gas passes through a water separator
to remove entrained moisiure, and i1t then passes into a packed oil scrubber,
which is of the same desxgn a8 the water scrubber but it does not Have the
interior wash-box seal. After the oil scrubber, the gas passes- through a
shavings sScrubber and thcnce through the exhauster, which forces it into the
gas holder., As the experimental cojective was to study producticn of gas,
no provisicns are made 10 remove sulfur. in this plant, The sulfur content,
however, when low-sulfur lignités are gasif ied, 18 very low and is less than
the limits prescribed for clty distribution.

&

The make gascs leaving the generstor travel at.high velocity and carry -
over fine char and ash particles, which are removed in the weter'scrubber.
If the system is operated et low temperatures, sme tzr vapors arc not dscam-
posed, and thesc aleo are partly condensed in the watcr scrubbeér. The dust-
laden water pesses into a sump tenk, through a sepdrator, and thance to the
sewver, as shown An Figure 9. .

X773 o - - 10 -
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Figure 12. - Lower view of retort and recuperator unit,
Grand Forks.




Figure 13, - Charging hopper on retort,
Grand Forks.

Figure 4. - Charging valves on retort dome,
Grand Forks.
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. The procesa operdtes cantinuously and mekcs different grades cf gas, by .
adjustment of the tempersture in the combustion chember and of the amount of
“steem entering the top and bottom retort ‘annuli. Tae qualily of thé gas and
‘the rate. of heat transfer are influenced by the width of the annular reaction
ZOniS, . 88 will: be e: Plalnbd in the descriplion of expeorimentsl work. Gener-

celly speﬂking, the rate of . gas¢fzcatﬁoq is ;nvursely'proport1onaw to the
wiath of thu rbactxcn Zone.,

An 1mportant "ontrol or varisble wihen gagifying Cdul in this “Xterﬂ&llf
heated retort is the percentage of geaificction, By controlling the rate.of

Although ths meuhanism of ga311¢cation end a thuﬂrbtlcal int crpretathn
of .the process were' deduced before the pilot plants were built, it was necea-
sary Lo cxperiment o greet 4 deal to find the rulaolonshln of tnc sevéral var-
iables,. The major variables. that affect the yiela and quality of. gases and
the efficﬁency and rate of. gasification by this proccss ares;

" 1. Temperature of thu retorc. This depends om tho ratﬁ of heats ré;
) lesse end the dlstributlon of the heating gaaos and. producta

of ccmbusticn.
2, The width of the annulsr reaction zoncs.
"3, Tho roletive length of top and bovtom reaction zones.
%, The amount of steam‘introduced in each :eactioﬁ'ione,
5.. The rete of'a ok remaxal or peycentage of gasificatiqn.
6. The phy51c“l and chemicsd proﬂerties of the coal Parslcularly its
) moisture and ash content. The size of the fuel 18 a pincr
variable if it containg no excesssive Fine dust aad is amall

cnough to move into and through the uarrow'reactibn annulus.

The Bs tort Unit

Several views of the retort unit are bhown in ?1gures lO i, 12, 13,
end 14, Most of the fabrice sted parte of this wnit are GirCULér. mhe main
hell is 100 inches in diamcter cnd 18 f'eet In length.. Tt is lired with in-
Bulating firebrick, but Ebout one-half inch of plestic insulating cement
Separates the firsbrick from the stesl shell, es shown in figures 15 and 16,
The lightweic ght Insulating firebrick ig Jaid in convent*oqal patterne, as
Wlustrated in figure 15, which shows the position of ports and burners. As
Noted in figure 15, six tangential vorts supply. gas to the burners in +he

Sver part of the retort, and three addlticnal ports are situsted at the h-
and 8-foot levels ebove the lower bumecrs,

The recuperator is susnandcd qum the gidc of the gunerﬁtor, a8 indiceted
1“ Tigures 8, 9, and 10, 7he recuperater shell is 4 feet in diameter and 15
eet In length and is lined with & inchss of pre~formed insulating brick.

3-?73 - 11 -
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The recupsrator tube nest is 12 feet 7 inches long and has eight equally
spaced baffles to direct the gesss across the tubes., The tube nest is nade
up of 258 tubes of l—l/h—inch outside dizmeter, with l2-gage walis, .and thease
are spaced on-2-inch centers on an equileteriel triangle pattern. The tubes
headers, and baffle sheels were made of Sicromo 5-3, heat-resisting, allay
steel of the following camposition: Chrcmium, 4,0 to 6.0 percent; ualybdenum,
C.45 to 0.65 percent; carbon, 0,15 percent maximum; mengenese, 0.50 percent
meximum; silicon, 1.0 to 2.0 percent; suifur end phosphorus, each 0.03 per-
cent maximum. An alloy of greater heat resistence should have been selected
for the recuverator,

- The metal retort, which is U8 ineches in diameter, is suspended in the
center of the main shell and supported on springs,  ag indicated in figures

& and 18. The compression on the springs -is adjusted to place the hottest
part of the retert uwnder neutral strain. The first retort tested was made
of mild carbon steel coated with a thin sprayed~on coating of heat-resisting
alloy. The steel retort was selected because of early delivery, and, also,
the possibilities of sprayed-on heat-resisting ceatings were encouraging.
An alloy—clad steel retort having z 1/Swinch—thick'25.6 percent chromium
alloy surfaces over a 3/8—inch steel center was installed during the fall

of 1945 and was operated for 1,300 hours.

The imner retort, whicn Lorms the amnulus with the main outer retort
tube, is of mild steel with no protective coating. Because the Final dimen-
sicns of the immer retort or arrangement of the annuius could not be decided
vpon without preliminery expeorimentnl testing, the inner retoris of mild
steel were selected to permit changes and adjustments in the field, AlsQ,
it wad indiceted from experience on the small pilot plant at Golden that
mild steel should haeve adequate life becausc of the lower temperature and
reduclng ges envircnment. Xxperience proved the wisdom of using mild steel
for the center retorts because several changes in width and length of the two
annull were mode to improve the capacity and gfficiency of the retort. The
changes of the immer retort arrangement are discussed in a later scction of
this report with the explanaticn end record of each tost.

Considerable experimenting was done to find the best method Ffor removing
char from the lower annulus. The first method emwployed used & curved screper
which moved the cher Into the centrel offtake. Improvements were made as fur
ther experlence was obiained. The scraper shown in figure 17 psyformed gztis
factorily for sbout 1,300 hours of operaticn. B

The top part of the main retort has & 3~inch flange for attachment to
the charging dome, 28 shown in figure 15. The lower part of the retort is
plzin and fits into a cup, which mekes o bell and spigot-type Jjoint., The
spacing in the joint is 1/k to 1/2 inch wide and is packed with asbestos rope
The joint has given no trouble and withstands 30 inches of water pressure
without lesking., The joint is checked at intervals end is tightened to lmsur
agalinst ges leskage.

1773 : : - 12 -
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Figure 18, - Bureau of Mines pilot plant for gasification of lignite,
Grand Forks, N, Dak., December {945.
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The original besic design of the retort unit was not altered, but the
“cozl-charging and char-discharging dsvices were improvéd 2% ‘expericnce was
‘goined. By December 1945, the Bulk~flo conveyors, the vibrating scroen, and
veigh-belt were installed, as showi in figure 18. Alao, the improved.char-
‘discharge equipnent wes placed in operation.” The pnewmatic chér cisctor ye-
.. duced much of the muisence in disp

oz
osing of the carbon residues. Figure 18
shows “the main features of whe retort unilt, including leter arrengercnta of
the ennular rotorts, Becouse of ihe physical structure of lignite, it wos .
not handled. sutisfeetorily in the original conveyors, and changes in (ho de-
sign of the flights were necessary before it would‘operate'satisfactorily;ﬁ
Becausc of the temporary feilure of tﬁe'cqnveyors,”th@”coal—handling 3gsten
described in figure 18 was not opereted Lp to the timé of writing this report,

‘and coal haa been hendled through the emergency system for oli rung.

The emergency coal-hendling. systenm receives coal directly from froight
“cers, end o porteble conveyor 1lifts 1t to a shexing screen, which discharges
into a chute leading to the chorging bucket, - Th charging bucket is woigked
directly on a bemm-scale and iz then heisted by the traveling clsctrie crone
‘Into position cbove the chairginghopper. CIhig zystom is satisfactory and
gives little trouble, but it is relatively cxpensive to cperate becouse the
eoel has to be removed Tram tho. cars by hand shoveling,

inatrumentotion and Méthods of Obtaining Dnta

“R Instruments wore installed in both pilot plants o measure snd control
operaticns for complote hent and moterini bholences.

As the process is con-
- tlinucus, emphasis wos placed on messuring rotes per howr , tnd the time of
meking obsorvations wes extendecd to give un cccurcey of 1 perocnt or less.

Coal wes mezeured by direct w'e'ighing on beon séel@s,- tad the dry cher
extracted was accounted for in the ssame way. Dust corried by the gea wes ob-
talned by oxtrecting the dust from o given quantity of ges, In the later cx-
tended runs on the lerge plent, the chaor residues and dusts were collscied
over Sh-hcur reriods, end all of the moierial ves weighed.,

¥eke gna was measured by an crifice meter in the loerge plant, wheress

in the small plent e displacement-type meter was erployed. The crifice metor

Ceg KLU

¥as comected to 2 recoriing ditferantial gage s ¥Which was integrated feor ths : :
testing period in. question. Steem supplicd o the udter and loyer conuli was
“Sured by orifics msters, which wers provicusly calibrated by welghing con-
)__}:\i_eneud Stesm. Alr and ges for the combustion system also were measursd by !
10rifice meters ; €nd the differcnticl prsssures indicating rete of flow were g
Yoed periocdically from draft geges. Singe the Iuctustions in these metsrs ;
Yere wory swall, the EVOYaEc of hot_:trly_readingg over o Shepour period woes

SoCurate to 1 psrcent or leoss. Woter supplied to the cooling aystem algo
.88 measured by orilics metera, S

Censiderable aitentien WAS Zivén o
Y'Ef-*_lelf’moc:*:)u.}_:'lcs Were e, a8 indicated by the
Db ered, Stations on figures 8, 9, 15, 18, ond 2}, iWe construction of
ermocouplas For the Goldsn pient i shovn in Figure 2, This same type
Wstrnuction wae employed cn the large plant ; but the dimcnsions were chisnged
¥ It the space reguircments of the Grand Forks plant,

temperature’ neasurement ond control,
located in meny dsrte of the pront,

-.l":‘,...



