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1. EYDROGENATION CF LIGNITE
Introduction

The use of hydrogenstion as a means of converting lignite to more valuable
produets, such as liquid fusls or chemicals, deserves considerstion as a method of
at1lizing this importent natural resource. The informaticn aveilsble on direct
hydrogenation of llgnite may be roughly classified into {s) dats Ffrom commercial
plant operation end lasboratory experimsnts in Germany, (b) results from hench-scale
and leboratory investigation at the Bruceton Statlion of the Bureau of Mines, and
{c) opersting results from Buresu of Mines demonstration plent programs at Iouisiana,
Mo, In addition, litersturs data are availeble on hydrogenstion of tars obtained by
the carbonization of lignite, An excellent bivliocgraphy on hydrcgenation has been
prepared end contains ebgtracts of literature and petents to 1550 (Ej) L/ Tt should
be pointed out thast the data availsble on industrial hydrogenstion pleni operaticn
on Germsn brown coal are not directly applicable to North Dazkota or other American
lignites, and therefore +hig information is cnly briefly summarized in this report,
primarily to provide eome background on plsnt dssign, process problems, snd types
of products. Considerably more information is presented on recent research devel-
oments that might provide soms basls for rather speculative estimates of hydre-
genation as a. process tool in the Puture utilization of lignite.

Commercial Plant Operation

The process of hydrogensting coal to produce liguid fuels &s practiced in
Germany consigbs in pumping a mizturs of about equal parts of dried powdered coal
and recycle heavy oll, along with hydrcogen at about 200 to 700 simospheres pres-
sure into reactors mainmtained at 450° to 185° ¢, (liquid-phase hydrogenation).

A small amount (0.1 to 1 percent by welght of the coel) of powdered catalyst iz in-
cluded in the coasl-oil paste. During the reaction pericd of 1/2 to 3 hours, the
conl-oil mixture is converted to a product oil {usually termed "widdle oil"s boil-
ing below 325° &, and heavy oil, which is recycled to be mized with cogal and then
fed to the plant. The middle oll is hydrogensted in one or more stages Over fixed
beds of catalyst particles and converted to gasoline. The process is described in
grester detail by CGordon and a group of investigators (6). The ultimate analysis
on e molsture- and ash-fres basis of the coal utlilized st the I.G. Farben.Letna
Plant is given in table h3, together wiih ultimsie snalyses of varlous Americsn
lignites and coals.

TARLE 43. - Ultimats snalysis of coasls on moisture- end ash-free basis

State or Ultimate snalysis, welght -percent
County country Eydrcgen |Carbon | Nitrogen | Sulfur Oxyagen
Brown co&l - Germeny 5.0 1.2 0.8 4.3 8.3
Velva Ward North Dskcta L5 70.2 1.0 2 2.1
Beulah Mercer do. L4 £9.5 1.0 .9 2h,o
Arkenses Marning Arkanses 7.1 71.8 1.1 .9 19.1
Washington Lewis ¥agnington 5.5 £8.0 1.4 1.1 2k,0
Rock Springs | Sheridan | Wyoming 5.3 8.0 1.6 1.0 14,1
Bruceton Allegheny | Pennsylvania 5.4 &2 .8 1.6 1.0 9.2

y Tader lined rnusbers in parentheses refer to cltations in the biblicgraihy =t
the end of thim sectliom.
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The ylelds s based on moisture- and agh-free coal, obtalned from this coal
by Liquid-phsse hydrogenation s Were 88 follows;
Pourds per 100 pownds
of m,a.f, coal
Gasoline plus middls oil <3259 g,

Hydrocarben Sas........................................ 15.2
Oxides of ca.rbon 10.6
Uneonverted coal.......................,............... 1.5
Iosses in solids TEMOVAL 4 st tas it reiatiananiinerannn,. 8,5
Water, armonia, HoS ete, Trrttrrrettsaa et taasataanaa, 20,9
Hydrogen chemically e 6.7

The middls oil was canverted to gasoline by further byd_rogen,a.tion, and the
overall yields, based on m.s.f, coal, were as follows:
Pounds per 100 powmds
of m,2,f, coal
Motorga.soline............................ 2
I{ydmca.rbongases......................... 6.3
Hydrogen chemically absorbed.,svennnsn., ., 9.1

The figures given for hydrogen consumption include only the hydrogen chem!cally
combined, and additional hydrogen is reguired to make up for losges in gas streams
and &lssolved hydrogen in 1iquid products.

A comparison of brown coel apd bituminous coal as hydrogsnation Dlant feed is
glven in the Ministry of Fuel and Fower report (g__, . €8), The brown ceal produces
about 25 percent lesg gagoline, causes higher ofT 1osges In golids-removal rrocesges
owing to its higher mgh content, requires more drying capacity owing to 1ts higher
ag-mined moisgturs content, but requires about 15 percent leas hydrogen. The effects
of higher egh and moisture content in North Dakota lignites on hydrogernation yields
bave also been rointed out by Eirst and others (&), who estimate that 22,000 tons
Por day of run-of -mine Hegnite w111 be required for a plant rroducing 30,000 Hbl,
Per day of liquid products, whereas only 11,800 tons per day of Rock Springs cosl
are needed. These values include ecal required for hydrogen and power Irocduction,

Laboratory Inyestigaticn

Conslderable experimentation on hydrogenstion of lignites in batch sutoclaves
and bench-gcale hydrogenation units hag been done at the Bruceton laboratoriey of
the Bureau of Mineg, This research has been ddrected toward ths Iroduction of gyn-
thetic ligquid fusls at lower cost through the developmert of improved catalysts,
the study of Process varisbles, the uge of novel mrocessing methode, and the utili-
zation of byproducts,

The experimentsl procedurss end methods of evaluation for batch autcclave
hydrogenation have been given in detall (3, 7). Special Preocautions were exercised
in the cags of lignitea, owing to the tendency of thess coals to plek up or lose
meisture. They were dried from a moisture content of 30 percent to an equl ldbrivm
moigture content of sbout 10 percent, Eydrogenation testg indicated no change in
amenabllity to hydrogenation due to the drying process,

The product dlgtridution obtaineqd by the hydrogenastion of several lignites and
twe bituminous comls in the sbsence or catalyst 18 given in table by, The roaction
tims in all cases was 1 hour at L50° ¢, under an initia1 hydrogen pressure of 1,000
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p.s.l.g. These conditicns are less severs than those used In comercial plants;
snd, although converszions are therefore lower, the &ifferences between coals ars
more evident. The lignites tand to produce consgidersbly more carbon dloxide snd
weter, and the North Dskota lignites show rether low total oll ylelds. The total
o11 has been separated inte an oil fraction, goluble in n-hexsne, and & asphaliene
fractien, insoluble in n-hexans. Hach of these frections has rather similar ulti-
mate smalyses even from various conls, The AVeIrage gnalyses for these fwo fractions
are given in table 45, with an BVeTrAge analysis for gasoline prepared from cosl,

Tables 46 to 49 present data on the effacts of various cstalysts on the nydro-
genation of llgnites st 450° C. sn& 1,000 p.s.l.g. initial hydrogen pressure.
Beulah and Velva lignites still show lower oll yields than those obtained with
Washington and Arkansas lignite. The affaect of molybdenum catalyst in decreasing
cerbon dioxide production appesrs to be due to the conversionm of some carbon dloxide
to methane snd water. The ef fect of temperature of hydrogenation on the product
gistribution 1a shown in teble 50 for Beulsh lignite, It can te sesn that sbove
W50° C., &t the initlal hydrogen Pressure of 1,000 p.s.i.g., the gas yleld is In-
creased Bt the expense of o1l production. The affect of initial hydrogen PreeEsure
on digtritution of mroducts ohtained by hydrogenatlon of Boulsh lignite is glven in
table 51, The data jndicate that increasing hydrogen prossure CEUSCS a decremsse in
ths formation of carbon dioxide, benzens ingolubles, snd aepheltenes, The smount
of hexane-soluble oil Increases, +th scme indicstion, due to increased hydrocarbon -
gas production, that amaximum will be observed at highsr pressures. The effects of
temperature snd pressure, shown for ome lignite, are quite gimilar for most coals.

The tests dlscussed above were all st conditlomns not normelly used for Indus-
trial coal hydrogenation. As previously mentioned, these conditions were selected
primarily to show the sffects of varicus catalysts and iype of coal, TIn table 32
product distributions cttained by the hydrogenation of Rock Springs coal and Velva
lignite =t 4,006 p.s.i.g. initial hydrogen pressure are pregented. The reaction
+imp was 1 hour end the tempereture 1500 ¢, for both cosls. We can s5€9 that, in
the ebgence of catalyst, both comrls prodsice approximately equal amounts of total
penzens -soluble oil, However, the Rock Springs coal is partisularly amensble o
catalysis, producing oveT 70 percent oil with both iron =nd molybdenum catalyst.
Velya lignite does not regpond too well to iron catalyst, snd only a moderate in-
creage in oll yield 1s obtalned with molybdenum catalyst. The lower carbon content
end higher oxygen comtent of Velva lignite reduce the meximm potentisl oll yield,
compared with that posgible from Hodk Springs coal. However, the larger smount of
benzene ~ingoluble matter obtalned with Velva lignite might be reduced by developing
gpecial snd more achive catalygts. The ultimste snalyses of the total benzens-~
golsble oils obtalned with both coals are given in teble 53. Although the oils
obtained in the sbsence of catalyst are guite similar, the pils ottained from Rock
Springs cosl In the presence of lron and molybdenum contain more hydrogen and. thus
jndicate & gresber extent of hydrogenatlion.

The sutoclave studies indlcate that, in gemeral, the North Dakcts lignites,
owing to a larger production of carbon dloxide, weter, end gaseous hydrocarbons,
produce less oll by hydrogenation then +hat observed for other coals. In eddition,
catalysts that show good results with mogt cosls do not perform as wall when used
with these lignites, as evidenced by the higher roduction of benzens ~insolubles
obgerved. These resulis gmight be due to the higher ash content of these Iignites
and the alkslinity of the &sh, which has been shown by others +o be deleterious 1O
some hydrogemation catalyste. Possibly some pretreatment of these 1ignites might
improve their smenabillty te hydrogenation. For example, mild thermal trestment
of lignites will tend to romove some of the oxygen content s carbon dioxide mnd
water, the residue havirg the ultimate mmelyeis of a bituminous coal, Thisg residue
might bs more smsnable to hydrogenstion., In addition, developmemt of spacific
catalysts for these lignites is & dsfinite possibility.
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TABLE 47e—Product distribution of uncatalyzed and catalyzed
Washington 1ienite hydrogepation for 1 hour at 450°Cy

and initie]l hydrogen pressure of 1000 p.s.il.g.
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Yiel&. % _J}:LA IFO H2

Weshington lignite Benzene Benzene solubles Gaseous con-

ingolu~ Total n-Hexane  hydro- sumed,
bles oill Asphaltene solubles earbons COo H-0 MAF %

Uncatalyzed 18.95  46.36  31.48 14.88 12,72 12,05 11.53 3.6
1% Mo (impregneted

and neutrelized) 7.30 53,06 1.00 52.06 15,07 5,61 16458 6.9
1% Sn + 0.5% RE,C1 12,10 5440 264,05 28.0 1280 10,80 13.67 L2

TABLE4B.—Produet _distribution of uncatalyzed and catslyzed
Beulah lignite hyérogenstion for 1 hour at 450°C,
and initial hydropen pressure of 1000 DeSel.gw
Yield, £ M. A. F. Ho
Beulalh 1ignite Benzene Bengzene solubles Gaseous con-
irsolu- Total n-Hexane hydro- sumed,
bles cll Asphaltene solubles carbons CC, Ho0 MAF ¥
Uncatalyzed 51.12 19.24 8406 11.18 11.15 10.35 10432 2.58
Neutralized + 1%

Ni (NiSOA) 32.G2 28,10 15487 12,23 16.31 10.20 17.98 L.84
Neutralized + 1%

Mo 15.34 LE.54 12,80 33.74 14.40 .70 19.52  5.80
Keutrzlized only 39.47 23.98 10.20 13,78 12.30 11.20 16.30 3.70
Un-neutralized:

1% Mo 27.13 37.50 1447 22.80 17.63 7«50 16425  5.30
1% Fe(impreg-
nated 26.02 27.03 19,00 8,03 21,20  13.92 13.22 L«l
1% Sn{SnClz) 25.00 Lhe8l  22.68 22,15 11.21 12,83 13443 473
TABLE 49-—Produect distribution of wncatalyzed and ecstalyzed
Velva ligniie hydrogenation for 1 hour at 450°C.
and initis] hydrogen pressure of 100D pesSeiege
Yield, ¥ M. A. F. Ho
Velve lignite Benzene Bengzene solubles Geseous cone
insolu- Total n-Hexane  hydro— sumed,
bles 0il Asphaltene solubles ecsrbong  CO2 H20 MAF &
Uncatalyzed . 4.[;,.8 22,10 77 14-40 l3-20 11-3 11.20 22,10

1% Sn + C.5%

5.10

WHCL 19.10 49.20 25.90 23.0 14.73 10.00 10.70
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TABLIE 50e-nEffact of temperature on product distribution of cata;g[_zed
Boulsh Jipmite hydrogenstion for 1 hour, using Mo catalyst
and initial hvdrogen bregsure of 1000 Pegaiag,
Xieldc % M. A- F, H2
Beulah lignite Bengene ——:’Ml’laﬁ__ Gaseous Con-
Temperature ©C, insolu- Total n-Hexane hydro- Sumed,
S bleg oil% carbons €02  Hop MAF
400 33.10 35.46 22432 10.75  g.85 16441 L.27
425 27.52 39.40 15.30 24.10 1210 7278 17.40 Lab2
450 18434 46454 12.80 33.74 Lied6 6470 19.52 5,s
475 16,70 42485 8.63 3422 20.00  4.53 20.49 6,75
TABLE 51.~Effact of hydrogen Zressure on product gigtgim;!,on of
catalyzed Ba te 0, 1, hour, us
1 0°C
Ijeld, ¥ M. A, 7, Ep

Beulah lignite Bengene Bengens polubles g : Gaseous con-
Initial hydrogen insolup- Total

b-Hexene l.vdro—

= 3 A pas | - Dlan a0 I b
500 34.71 31.91 1_1.91 20,00 13.20 8.90 16470 £.50
1000 18.34 46454 12.80 3347, Lhedb 6,70  19.52 5.8
1750 1,80 48,75 5435 43440 1731 467 20,73 6.85

%500 14494 47.8 2400 45.8 19.1 339 22,68

40442 3%9.70 20.77 18.93 Te32  LoT8  10.22 3.04
Fel04 4423 T3.15 45448 27.67 L9 2.60 9429 5,30
5

B8 68.73 13.57 95  12.15 6.23
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TABLE 53, - Ultimate compositions of totel oils obtained from hydrogenation of
Velva lignite and Rock Springs coal

Percent
Coal Catalyst Hydrogen | Garbon | Kitrogen | Sulfur | Oxygen
Velva lignite| Uheatalyzed 8,40 87.50 .95 0.2 2,95
To. 1% Fe as FeSO, 8.20 | 87.57 76 1 3.37
Do. 0.1% Mo as §.82 87.47 .73 Ak | 2,55
srmopnium molybdate
Rock Springs | Uncatalyzed 8.54 §7.38 1.13 JI7 2.77
Do. 1% Fe as FeS0) 8.73 86,77 1,19 .10 3.21
Do. 0.1% Mo as g.15 87.23 .92 .1 2.60
ammenjum molybdate

Thus far the standard coal-hydrogenation processes for converting lignites to
01l have been considered. In addition, some experimental work has been completed
on the low-pressure hydrogenation of lignite in a bench-scale fluidized reector,
The technigues used in this work have been previcusly described (;_) . The chjective
of this process was to convert atout helf of the lignite into hydrocarbon gas and
0ill, with the regidue char used as fuel or for hydrogen or synthesis-gas production.
The data are summarized in table 5% for the preliminary work completed at this time
on Nerth Dakota, Arkansas and Texas lignites, Although the yields of oil and gas
are guite satisfectory, the quality of the oils, particularly those obtalned from
the North Dakota lignlites, are poor,. In addition, considerable engineering devel-
cpment mist be undertaken to eliminate problems of coal agglomeration, hydrecarbon -
gas recovery, coal feeding, and product -oil handling. Thls type of processing,
glthough 5511l only a laberatory develomment, does offer an additional prospect for
the future of lignite processing by hydrogenation,

Demongbration -Plent Operations

At the Buresu of Mines Coal-Hydrogenatlon Plant in Louisiena, Mo., the high-
pressure hydrogenation of Velva, N, Dek., lignite wes investigated on & semiplant -
scale unit. In an extended rum from October to December 1953, 1,665 tons of raw
1ignite was processed in the liguid phase, yielding 120,000 gallons cf vepor-phase
charge stock and 30,000 gallons of heavy oils. Subseguently 90,000 gallons of the
charge stock was converted In the single-step vapor-phase unit into 86,000 gallons
of 83 {Regesarch) octane motor gasoline.

Liquid-Fhase Eydrogenation

Degcription of Coal

Velva lignite is found in the Cctesu hed in the extreme scutheastem cormer of
Ward County, N. Dak, The bed is 10 to 18 Feet thick and comprises sn area, indi-
ceted to be some 250 square miles, underlying parts of 8 or @ townchips (3). The
coal processed was mined about 10 miles scuthwest of Velva, N. Dek., =nd was ob-
tained through the cooperation of Truax Traer Cozl Co., Chlcago, 111,

Analyses of the coal are given in table 55. Saveral objectionable character-
istics already discussed under Laboratory Investigation were recognized as inherent
in the Velva limite. However, despite these characteristics, the abundance snd
availability at low cost Jjustified investigaticn of semiplant -scale processing of
the lignite.
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TABLE 55. - Cosl enalyses - Velva (N. Dak,) limite

As
rec'd |M,a.f. M,f, [ M.a.f.
Proximate: Uliimate:
Molstue ., veriisnnennaees | 35.9 - Carbon.vsivrenannnns cea | B3.0 706
Vol. matter..cvevuvann.. ! 28,31 49,5 Hydrogen . enrareracss = 4.7
Fized carbom....veievessa| 255 50.5 Hitbrogen v euesaeens. - 1.1 1.2
=« 6.9 - 15 PR b b .7 .7
OXFBEN s v vsuinsncnannaas | 20.2| 22.8
Petrographic:}:/ Ash, ittt iiiiii i 10.8 -
ANEhTaXYIon evuvvnsrnnens 61 o); SO veaiiiaees | 15,0 35.0
Trens. sbtritus.iverenss 27
Opague attritiB..eecess g Alkalinity:
Fusain.. .vu... 3 Grams Hp50)y Kg coal.... | 70.5| 70.5

1/ Storch, E, E., Hirst, L. L., Fisher, C. H., and Sprunk, G. C., Eydrogensation
end Liquefaction of Ceals, Part I: Bureau of Mines Tech, Paper 662, 1941,

Processing

The liquld-phase process was essentislly that for high pressure hydrogenation
&5 practiced in Germeny and briefly described under Commercisl Flant Operetion but
incorporated American-designed equipment and instrumentetion throughout. Operating
conditions and ylelds typical of the liquid-phase operations on Velva lignite are
presented in table 56 and analyses of pertinent process and product stresms in
table 5T.

The high moisture comtent of this coal taxed the capacity of the grinding and
drying equipment, designed for processing 8 to 10 toms Per hour of low-moisture
tituminous coals and from the beginning determined the rate of coal input to the
hydrogenation unit. It was not possible to supply enough prepered coal for accept-
able converter operstions and to dry the cozl to less than 8 to 10 percent moisture.
A moximum drying rate of some 2,5 to 3.5 tems of "dry" coal per hour was attained
by maintaining the temperature of the inert gas to the ball mill at 650° F., some
200° hotter than was required for normal operation om bituminous coals. The high
moisture in the prepared coal did not present gericus difficulties, Some foaming
occurred in paste making, which was eliminated by reducing the paste oil tempera-
ture to 190° F,

The catalysts used were copperas, FeS0L » THoQ, and copperas plus ammonium
molybdate, (RHLDMoO4. The copperas was added dry to the wet coal before grinding
and drying, and the smmcpium molybdate was added as a powder to the dried comsl at
the paste-mixing tank in the quantities shown in table 55,

The yields as shown were good with both catalysts. Conversion to light oils,
although low In percentage of the total organic coal substance, was of the order
of 58 to 60 percent based on the cosl carbon. Liguefaction wes consigtent with
the amount, as Indicated by petrograrhic snalyses of relatively inert substences
of the coal. QGasification was not excessive, considering that over ome-third of
of the gas produced was CCy, which eliminates coal oxygen without consumption of
hydrogen,




102

TABLE 96. - Operational end yield desta - liquid-phase
Processing of Velva lignits

Periocd Periog

H
ol
-

Operational:
Pressure, p.s.i.:

Inlet..... b et re e et e Creei e, 8,400 8, koo
Outlet .. iverivinninennnnas crinenas 7,600 7,800
Conversion temperature.......essevereenrs... OF. {average) 85.8 8L g
Coal, moisture-free,..... e teraraseraiacaneennstons/day =29 50.8
Coal, molsture and &Sh PreB. cuiieresneconans veeee.  de. 51.8 kg
Coal, moisture and 85h Frec......... veweeen 1B, fou, B, for, 2k.0 20,7
Paste...... fasaamarreeiraaeeaan. do. 76 .56 75,0
PastE v iai e rancnas e retesraeraean +aseapercent m,e.f, coal 31.7 27.6
Paste 01, iiueveeeveernannraserenaresanas FETCEDE < 620° 7, 3.7 1.0
Total gas 1o converters.ivienereanes cu,ft./1b, m.e.T. coal 85.2 106 .7
e wsrensarsessasss. Dercent by volume 83.4 81.9
185.8 21.8

MakeuD BEouvrnennnncnnriisansenrens CU.ft./lb. n.a.f. coal

Yields, weight-percent on m.a.f. coal:

o o o0
&
D

TotB] EBSE S, cuesnrrvseransesoeresssranesnsnsoa vavebtamannas
Hydrocarbon geses.oee vun e msanerasenssi i ena s
Light 0ils.essennn. cresrsrassiiiiieieiies. O + 1o 6208 F,
Benzene soluble heavy 0118, covveevnnnneees vl DE20° F.

g T Pranraes
Conl liguefachion e uevassasnnenacaraennns rsranenan P

(e
.

*

£ AL ] 00

Ate]

011 ylelds, bbl./ton m.a.f, coal:

L BB5E 8 uarranrersntonctnnansonran e eaaarae e 0.6 0.5
Light o1ls..vseaene e YA e e N a b d At . 2.9 3.1
Eeavy oils {benzene-soluble)..... herisariert e 8 .7

Total 0118t iunisusirernsatssonnannsssasnnses h.3 4.3

Space time yields, 1b./c.f.h.:

Light 0118 . ueineiicsnsennrnananenns 1
HEeavy oils.....

o
-

.
-
.
.
.
.
.
-
.
.
-
.
.
.
.
.
.
-
-
.
.
.
.
Lo =

Hydrogen consumpticn, 1b./1b. m.e.f. coal:

Total Houuseennnanns 0.094 0.109
Reaction Housvrrssnennansnnernsennnnnns rrreienees .058 .059




TABLE 57. - Typlcal snalyses of process streams and products -

liguid-phase hydrogengtion of Velve lignite
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Catalyzed|Paste Middle
m.f. coal] il {(H.CL.D.L.0.,B.] cil |Naphthe|Gasoline

Ultimate - wt.-percent:

Ash.uviass wrwameas R, 12.2 6.k 5.9 Nii| - - -

Carbof...s.. £1.8 82.7 73.4 83.2| 86,7 | 82.8 84 2

HFdroget s uesee. Creriaeees k.3 7.5 6.1 8.4l 9.4 9.8 13.1

I ERVE o713 B 0.9 0.9 0.8 0.8{ 0,9 0.8 0.3

Sulfur....couae vanrnes 0.8 0.5 1.3 0.03| 0.05 | 0.0k 0.1

105 4, 4-053 SR 20.0 2.0 1.5 2.6| 2.9 6.5 2.3

CHevnnn. 1.3 11.0 2.0 10.51 9.2 8.5 R
Insoluble materials - wt.-%

Benzene~insol., ..ees. vre- 8.5 22.6 Xil| - - -

Pet ., ether-insol, ....... 12.3 29.2 do - - -
Density:

8P BT vevereves 60 /60° F, 1,126 1.27k| 1.0%

BPI . iinenesnerinssaran - - - 10.8 | 16.k 8.5
Distillation - °F

T.DuP: seneacesonnsnsncns 5701 313 209 122

1% eauncnnanrnn weneeesan . 6581 532 350 18

{o; Y vevarens cenae 6851 565 2 217

570, A, trasernaen 708 | 582 g 245

6o T ceeeenan The| 596 k73 2713

1o, TR terseenan - | 614 | 513 313

EuDe wavnaceracssstasanan - 643 565 355
Recovery, porcent:

Total...es.. 81.2| 98.2 | 98.3 97.6

At S00°F., vuvuennn ceees 5 8k -

A B20CF . sevinenensanan 12.9 13.0 4 93 - -
Chemical enalyses, percent:

Tar acids,.ceecses raerenen 21,7 | 39.2 3.5

TEr DASESeearsrncannnsens 5.0 k.6 1.5

01ePiNB.ennascsernransnes 19.8 | 12.7 20.8

ATOMBEICE . vnernmonrnvanss 4% .9 | 30.0 16.2
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Distrivution in the hydrogenation products of the organic componenis of the
lignite was as follows:

Pericd I Period I1
weight -percent | weight -percent

Carbon:

Gaslficabion..ivieareseevenes 5.0 15,1

Light oilsl/ . .ueciveinnrennn. 57.1 €1,2

Total 01151/, veeeinernnrensnn 7.4 78.3

Ligueficed . e ren s recncnennnns 93,4 93.4
Nitrogen: To HHo veiecesonesss hy.0 50.0
Sulfur: Orgenic S to HpS...... 53.3 3%.1
Oxygen:

To CO and Clouvnrannruninnnns 22,0 22.1

TO WALBT iauarantsnonansasanns 63.5 4.8

Total elimination..uveesceens 85.6 86.9

l/— Includes tar aclds and bases in the liquor.

The percentage of conversion of coal carbon to light plus heavy 0il egqusled
that attained previously in bituminous-coal operaticns.

Performance of Eguipment

In general, processing squipment performed well on lignite, Improved opera-
tion wes obtained from nearly all the injection pumps. Siellite inserts were used
successfully, for the first time, as valve seats. Packing replacements were low -
only six during the entire run., The largest maintenence item on the injection Tumps
was replacement of ball-type vealves. More then normal failure for these valves
seemed fto occur during the run.

No difficulties were encountered in overating the paste preheater. For the
first time, no scaling or deposition of sollds occurred in any tubes of this
radisnt -type heater. 3Better heat transfer was evinced by lower tube temperatures
for the same hest load as for previous runs. Whether this good performsnce was due
to characterigbics of the coal and paste oil, better firing, or the low solids con-
tent of the paste (38 to L2 percent) was not ascertained.

Inability of the coal-preparation unit to furnish enough coal steadily for
prorer operation of the converters caused consgidermble difficuliy. Hot-spot reac-
tions developed several times, necesgitating quenching of exzcessive temperatures
with cooling gas and pasting oil. The sudden coclings caused smzll leaks in flange
joints, which required lowering of the system pressure for ssaling, As the run
progressed, it became evident that solids had deposited in the converters, and the
run was stopped to mske corrective changes. As the coal-preparation plant was
unable to handls the reguislie quantities of lignite for proper operation of the
converters, plans were made to reduce their Internal dlameter to suit the capacity
of the coal-preparation plant.

Removal of solids from the heavy-cil letdown (E.0.L.D.) was more difficult
than 1n previcus opermtions. Apparently, elther because of the cheracter of the
heavy oil and solids or becsuse of & high rate of feed to the centrifugs, the
efficiency of solids removal by centrifugation decreased appreciably. Low solids
removal by centrifugation forced removal of the mejor portion of the so0lids made
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by flash distillaticn - an operation accempanied by exorbitant oil losses, result -
ing In depletion of heavy oils by 30,000 gallons more then was mede in hydrogenation.
The total oil loss incurred in removing solides was egulvalent to 1.4 barrels per

ton of m.a.f. coal processed.

The pitch made in flash digtiliation was very viscous and sticky, and three
times during the operations the bottom hesd had to be removed to psrmit the lower
section of the flash drum to be cleaned. Improved flesh nozzles performed well
with 1little or no trouble from the coking experienced in previous runs.

Vapor-Phase Hydrogenation

Conversion of the Velva lignite llquid-phase light oils into a good-grade motor
gasoline did not offer particular problems. These iight oils responded %o vapor-
phase hydrogenation similarly to light oils from hydrogenation of bituminous coals,
both in yields and quality of gasolines made.

Approximately 90,000 gallons of lignite light oils were processed during 10
days' opsretion in April 1953. Typical onstream opersting conditions are presented
1n table 58 and yvields and =nalyses of pertinent streams in tables 59 and 60,
respectively.

The catalyst used was a pelleted fixed-bed-type Germen catalyst (g_} deslgned
for one-step conversion and refining of coal-hydrogenation oils.

TABIE 58, - Typlcal operating comdltions - vapor-phase
hydrogenatlon

Pressure, Dp.s.i.:

Stall inlet.iisenanes iresanea caarasesavans 10,000

Btall oubleteivenscnsanccsrnsans cenarans . 9,350
Converter temp., °F.:

AVETRES v nvwavnasarrsasnanisabsassassssnsss 8oz

MexifMiim, snseasaseraseas fnenssastsresennnsana 930

Feed injectlion:

GR110NS POT RNOUT.escarssssvannarnnssassoes gks
Lb,/ou.ft./ar., total oiliieseeecainsannss 72.1
Ih./cu.fe.far. 2375 OF. svivasiiianiiaens 6L.9
Recycle, vol,=percent,.cceivnvsncanssnsance 51.8
Gas flows, cu.f‘t./lb. feed consimed:
Toed injoctlon EA5..esesarrasvesnsenaranas gk.9
COOLITIE EBS ererananenssssssasonsasassnnns 13.6
TobEl £0 5811 urerosnnsrronssssonnsscssns 108.5
Ho, DoTeelbcucrescrsnasnesannanscpnmaansy -
Makeup Hp EBS.oessvasseseansrasoranaancess 1c.6
Catalyst:

Volume, cu.fhe covaviosssnnarunosnarasanns 100
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TABLE 59, - Typlcal yislds - vapor-phase hydrogenation

Yields based on total oil fesd, wt,-percent:

Gasification:

Carbon monoxide, carbon ATOEIAS. .vree.rsrnas . 0.8
Net hydrocarbon Bo8C 8. veeeenses 1osnnses eraa 5.3
Gasoline..... e, . anaea 8.5
Recycle DOLLOMS 4y e n e snsssnneranrronnrssnnnns 55.1
Total cils,..... et esa v ree s 383.5
Conversion of =>375° oils, wt,-percent:
Grzoline . i viviiieensnnas Nt et taaasistacabeaanns . 33.5
HydrocarbOn Z85€8.ccveurernenrenan rbeeraeanas . 5.6
Total..... Creresaaas S rresassesesann e .1
Yields based on converted material, wt,-percent:
Gasoline ivuiinnrsnnenan e te be e tetana 83.5
Hydrocarhon GaSe 8. arrernsncnnnersosas, creees. 16,5
Yields based on feed consumed:
(8- T-To 5 < V=S cvs Who-Dercent 85.5
vol,.-percent 102.6
Hydrocarbon GaSeS....eve.. eisaeneas wh.=percent  11.8
Space time yields, 1b./cu.ft. :
Total gas0ling . usieetiunrnnernenineesnens heee. 2B B
Gasoline from = 375° F, fsed....... i iireceean 21.5
Reaction hydrogen based on fead consumed,
WE L, -DETCENE e v nenss Lo

TABIE €0, - Typlcal analyses of feed snd product stresms - vapor-phage

hydrogenation
Virgin [ Feed [Recycle |Finished
feed |blend |bottoms | gasoline

Gravity-°A.P.T. ........... 22.8 23.3 23.3 54,2
Distillation, ©F,:

T D Perrasnrannnnna Pheatemr e ranes . sk 156 Log 9z

1L Crreeenanan Creearenaae .. 202 382 h3z 136

30..... et iereaaas e, Log Lo L5 186

1210 TR rsrasneas e teteaaraans .s L6 bye b2 227

0 ieiinnaanan et iiteaeaa, 552 512 506 270

Lo 628 580 57k 32k

£30 €66 €30 6he 352

Percent recoversd..... tesrraeiastmenaan - 97.5 88.0 98.0

Percent =t 3750 oo ieririennnannn raeans 25.0 9.0 0 -
Chemical analyses, vel.-psrcent:

% T . - R 2L.8 12.6 2.k 0.8

Tar BASCS . rrienecnsns ettt eaaes .s 2.8 1.k 2.4 .8

Olefins . cuuinessseacannrannnanns 20.8 11.5 L5 3.3

ATOmaticS . ey e varinansan e ieareaenae 29.9 hg 1 61.8 27.2
Ultimats analyses:

Carbon.v.easa. Fer st e dvairrsararata st e 854 86.9 88.4 86.3

Hydrogemn v e nsseeennansnnn v reaiaenaan 10.6 10.9 10.8 13,k

Nitrogem.veeivivrennns i eeteneenees .. N .3 1 L02

Sulfur....... vesserivananas tresaesnas K 3 .3 .03

Ozygen (by diff.)....... Frreaeneas cees 3.2 1.5 S .3
Octene number (clear):

Motor method..vuveerveennns Pra e areag s

B BT Ot s iyt stestnnnerassntnsnnnens v 83.0
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