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2. CAFBONIZATION

Carbonization, destructive distilletion, or pyrolysis i1s the heat treatment of
organic substances in the absence of air to decompose the substances inic a solid
residue, liquid products, and gases. The temperature lsvel arpplied during the proc-
ess of carbonization influences greatly the yields =nd characteristics of the recov-
ered products.

According to A. C, Fieldner (8) :-j;/

Low-temperature carbonization of coal may be defined as the heat
treatment of coal in the absence of air at temperatures of l'e50° to
700° C. (842° to 1,292° F.) =s distinguished from the usual high-tem-
pereture carbonizetion st temperatures of 90C° to 1,200° C. (1,652° to
2,192° F). At b50° to 500° €. (B42° to 1,292° F.) the tar yield is
2 to 3 times that of ths ordinary high-temperature process for meking
coke Or ges.

Table 12 shows approximate comparative yields obtained from low- and high-
temperature carbonization rrocesses. .

TABLE 12, - Approximate comparative vlelds of high- and low-temperature
carbonization processes i/ 2/

Low-temperature carboniZation High -temperature
Externally hesbed | Internally heated carbonization
retort retort byproduct coke oven
COKSB e vanvenrns . percent . 70 - 80 60 - 75 £0 - 70
Volatile matter in
COKE 4 uurinnnns . .percent 7 -15 7 -15 1 - P
G&5.uusessesaacu, fh./ton| 3,000 - 5,000 20,006 - 50,000 11,000 - 12,000 4
Heating value of '
gas......B.t.u./cu. £5, 800 - 1,000 150 - 250 520 = 580
POy e nnsrasnans . gal. fton 20 - 20 8 - 20 10 - 12
Specific gravity of tar.. 1.07 - 1,09 1.02 - 1.07 1.19
Light 0il.u.vs...gal. /ton 2,5 -~ 3.0 None 2.5 - 3.0
Ammonium sulfats..lb./ton 10 - 12 12 - 138 25 - 30

Z_L_/ Figldner, A. C., Low-Temperature Carbonization of Coal: Bureau of Mines Tech.
Paper 396, 1926, p. 43.
2_/ Date apply to the carbenizebion of coal and not to lignite.

The yield of coke is higher for low-tempersture carbonization processes because
it retains 7 to 15 percent of volatile matter, as compared with 1 to 2 percent in
high-temperature coke. Volume of gas 1s only one-fourth to one-third that obtained
in high-temperature coking, but the heating value is almost {wice that of gas from
high-temperature carbonization when externally hested retorts are used. Low-tem-~
perature-carbonization processes internally heated by products of combustion produce
large quantities of gas of low hesting value. The total yield of ter at low tempera-
tures is from 2 to 3 times that coblained at high temperatures. The quantity of light
0il is #about the same for both processes. However, the concentration of light-oil
vapors in gases cbtained by internal heating is too low for efficient recovery.

1/ Underlined numbers in parentheses refer to citations in the biblicgraphy abt-the
end of this sgection.
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Although these data apply to the carbonizastion of higher remk coal, yields ob-
tainable from cerbonization of lignite show the seme general trend as = funchion of
the processing tempsrature. Unlike the bituminoue coals that form a ccherent coke
upon heat treatment, lignite and subbitiminous cosl do not become plastic end thers-
fore produce a resgidus or char, consisting of nonagglomerated Particieg smaller than
the material charged.

Results of Assay Tests on North Dekobs and Other Selected Lignites

Preliminary evalustion of the economic promise of low-temperature carbonization
of a given coal or ligrite isg primarily based on the results of laboratory investiga-
tions, which supply informatior on yields of tar, coke, and gas. Laboratory-scale
carbonizabion in properly designed asgay apparatus has besn shown to indicaie the
arproximate maximum tar yields to be obbaired at & given carbonization temperature.
Variation of yield as a function of processing temperature is also readily deter-
mined. Comparison of yields cbtained in commerciel plants with those from asg say
teste ig helpful in determining optimm operating conditions and evaluating varicus
processing methods. The Franz Fischer assay apparatus developed in Germsny hes been
widely uged in carbomization assay inve stigations. The method, which uses 250 grams
of coal, is described by Davis and Galloway (Z), who assayed mumercus coals by this
technique.

V. F. Parry end coworkers refiped the Fischer method (13) for use with low-renk
coals; the epparstus is shown in figure 12, From 150 to 200 grams of coal is used
for a test. A carbonization tempersture of 500° ¢, was adopted as & standard, whersag
in the Fischer method 550° C. was originally employed, RBecause of the modificstions
used, results of the assay tests with the originel end modified methods are not
strictly comparable, However, yields of tar and light oil differ by not more than
epproximately 0.2 percent, Cas yield is slightly higher and coke vield lower at the

¥ higher temperature. The influence of changes on assaying temperature on yields from

lSandow lignite 1s shown in figure 13. Resulte of assay tests on lignites made by the
Fischer method have been rerorted by J. D. Davis and 4. E. Gallow=y (7); E. F. Tancey,
K. A. Jomson, end W. A, Selvig (31); W. &, Selvig (29); and W. E. 04 and W. 4.
Selvig (21).

Results of tests made on North Dakots lignites are reported in tabvls 13. To
eliminate differsnce in moisture =nd ash content cf the various lignites, yilelds
were calculeted to moisture- and ash—free basis, unless MAF data were alreedy avail-
able in the original publications. Average yislds and rangs of vields for North
Dekota lignites caleulated from date of tszble 13 are given in table 1k,

The rather wide variation of tar yields, ranging from 5.0 to 9.b percent for all
Ltests listed in tabie 13, should he notsd. Lignites from Divide, Williems, Burleigh,
Morton, Stark, and Grant Counties had higher tar yields than those obtained from
Burke, Ward, and Mercer Counties. Although results of s number of assay tests run
on North Dakota lignites are avallable, lignites from soms areas of the State have
not as yet been assayed.

Additionel results of assay tests on other Thited States lignites are given in
table 15, Only cne lignite from South Dakotas was tegted. The yield of tar and light
0oil from this lignits wes 5.8 percent. Lignites from Arkansag had ¥ields of tar and
light 0il as high ag 20 Tercent calculated to the moisture- and ssh—trea basis.
Primarily this resultas from a different petrograrhic composition, as pointed out ty

Seivig (22) .
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TARLE k. - P.ssaz-carboaization yields of North Dekote
lignites by Fischer-assay method

Lssay yields,

Ch&r.........................................,....
Wa‘ter................................,............
Tar + light Oil.......’,...........................

Gas ........,............-........................

Gtas dabta:
B 4./ ou.ft. cale. Tk AR
Wet gas,.......................cu. ft./ton, MAF

Heat in ge.s....................B.t.u./l'b.,
Tar + light Oil.......al. ton lignite as mined
Only complete Toots used for This calculation.

TABLE 15. = Results of assay teghs on other Urited States lignites
by ¥ischer -asssy method

: ;
State South Dakotsa Arkanses | ATKEnsas Washing
0

County Harding Ouachite wachite |Lewis
Prospect

Moisture, 8s Tecld. cesecens percent 1.0
Ash, as L T Tk
Temperaturs of P R o 550 500 500
Ascay ylelds, MAF, percent:
Wa.ter.................‘..._...... 1.
Tar + light Oileeeessvesvereres 5.8 19.8 10.7
CBEeeraeassoansansnsreenrrsensrs 20.5

Hydrogen gUlFide sanesroasaransr
Gas compositlon, percent:
Corpon AioEide.sseseasesnrneres 5
T1liminantS caesssssvesneoeress?
Carbon menoxide eseannsoranrest
Eyﬁrogen.......................
MEthEnS sassosnarmosvormnsrossss
E'bhane..........c..............

|
o onlw

i
LW ;A
.

O

B 4. ou.fh., calcsy, gIro5Sssmnsne 37
et gas, CuFb . fThe MAF covoneannas 2.570
Net ges, i Pt fron MAF ovaevanee 5,140
Hoat in gas, B.ba./ib, MAFceuenes 866
Tar, gel./ton &8 TecA. sanavzraset 2

1/ Devis, J. D., =od Gelloway, A. E., Tow-Temperature Caroonization of
Lignites and Subbituminous Cosle: Ind. Eng. Chem., vol. 20, No. 6,

1928, pp. 612-17.

g/ Selvig, W. A4, Properties of Tignites of the United States: Fuel, vol.
32, No. 1, January 1553, Po. 28-35.

3_/ Ode, W. E., and Selwig, W. A, Low-Temperature Digtillation Tields of
Primery Tar and Light 0il From Cogls of Various Ranks end Types!
fureau of Mines Rept. of Investigations 3748, 194k, 10 TB-

on
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Attrital lignites, like the Arkemsas lignites, which centain more or less debrls
of leaves, bark, spores, pellen, snd resins, vleld more tar than woody lignites, which
predeminate in North Dakcta.

V. ¥, Parry and coworkers have tegted numerous coals and lignites in the modi -
f1ed distillation-assay apparatus and reported thé results in various publications
(1_g, 23, 2_14), from which complete data on North Dekota lignites and selected data on
Texas lignltes are presented In tables 16 and 17. Among the Texas lignites, only the
Saendow lignite is gignificant in extent of deposits.

Aversge yields and range for hoth North Dekota end Texes lignites are ghown in
tsble 18.

Tields of products from low-temperature carbonization of North Dakcta lignites,
recaloulated to as-mined basis and expressed in Fnglish unlts of measure per ton of
lignite carbonlzed, are given in table 19.

On the average, approximately 82 percent of the potentisl heat of the lignite
was recovered in the char, sbout 10 percent in the tar and light cil, and 6 to 8
percent in the gas.

An extensive serles of determinations of carbonizing propertles of coking coals
has been carried out by the Bureau of Mines in cooperstion with the American Gas
Associstion. In the BEM-AGA test (26), 13- or 18-inch-wide retorts containing charges
of 75 to 180 pounds of coal are used, in comparison to the 150 to 250 grams employed
in the assay tests previously described. This procedure and apparatus have been used
to investigate the carbonizing properties of a single North Dekota lignite Velve
1ignite from Ward County, at femperatures ranging from 500° to 900° C. (9325 to '
1,652° F.) (27).

At 500° C. epproximately helf of the vield of tar and light oll indiceted by
Fischer asgay was obtained in the BM-AGA test, The reduced yleld is the consequence
of longer residence time of the cherge 1n the BM-AGA test, coupled with a consider-
able temperature gradient across the retort which promotes cracking of tar vepors at
the wall and in the hotter section of the charge.

i

Lignites shrink considersbly during the rrocess of carbonization as a result
of the large amounts of waber vapor end gas released during decomposition of the
coal substance.

The contraction of volume of Velva lignite =5 a functien of tegt temperature
is ghown in table 20, as jetermined in the BM-AGA test.
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TAELE 17. - Resulis of assay tegtg on Texas lignites BY modified
adigtillation-ass8y apparsatus

Mine name ' Molckoff | Sendow Freestone

County Freestone

Molgture, &s recd. .. ......percent 36.3 35.2 35.6 36.2
Ash, 88 TBCd. seessccrriote do. 8.0 8.k 7.9 8.1
Temp. of dlstillatlom......-v: oc. 500 500 500 500
Assay yields, MAF, percent:
CRET . v evnnannenssuarasnstssrnsss 64.9 66.1 68.0 6L .2
WELOT e easnanenasssnnsnsrsonssss 7.6 8.6 7.3 8.0
BT s osannnasnnasnsarsonsrossnss 1b.7 11.5 10.9 1k .6
Light Oilasescssenssresssssero®" 1.8 2,0 1.8 1.8
Tar + light Oll..ceerearverssces 16.5 13.5 12.7 16 .4
e R R b 16.9 12.3 12.1 11.1
Gas compesition, percent:
Cprbon AiCEIA8. .esssssresreeret” k2.5 ko.k b7 36.2
T1Lminsnts cveeaermsasmsrer s t” 1.6 1.8 1.9 1.8
Carbon MONCXIAE .cassnsrsserrert® 8.9 9.8 11.7 9.8
FyArOgem s eeerenen renssnssss s 15.8 6.2 11.8 15.5
MLHETLE ¢ snornannsnmasmasmssessss o6k 38.1 30.0 34 .6
FLRANE o e s eevsasnrssnsearassassss 1.8 1.7 2.9 2.0
B b /o, £t tvv.ss..scBle. grOSS 460 hgg 465 506
Net EBE..sesenenr-eCle £t . /10, MAF 1 b7k 1,400 | 1.608 1.627
Eest in g,as..........B.t.u./lb.MAF 678 697 749 a1l

1/ Aversge of % tests on same sample.

TABLE 18. - Comparative agssy yields of North Dekota =nd Texss
iignites, 8558Y temperziure 500° C. {932°F. )

Horth Dekote Taxas

Assay yields, MAF, percent

BT, convonnnonannasnsnsssmtnsins 2 - 68,0
HALET e vassonssnmsnassnpentaroaries 3 - 86
S R 10.9 - 14.7
Light Fs B P R R 1.8 - 2.0
GELS..........................-... 10.9 ~12.3
Gas datal
Bt . /o0 Thes s s scBlC, BFOSS 3 60 - 500
Het ga.s............cu.ft./lb.MAF 1.h00-1.627
Eea.tingas.......B.t.u./lb.MAF 678 - 81k




TABLE 1%. - Yielids of products of low-temPerature carbonization
ef North Dakots ligmite

Baukol- i
Mine name Nocnan |Eincaid|Custsr | Gerrison |Beulah Zap |Dickinson
County Divids {Burke |Mclean {McLesn Mercer |Mercer Stark
Moisture in coal as
mined...,...percent; 36.%5 L0 3.0 39.6 3.0 33.71 38.1
Ash in ccal as
mined.......percent| 6.9 £.2 L.k 6.3 9.00  6.31  T.7 6.7
Tields, per ton of
coal, as mined:
Cher........ b, 002 9Lo 830 871 935 gL 873 902 1
Tar......... gal, 7.k £.0 7.5 8.5 5.7 7.1 5.4 6.8
Light oil....do. 2.4 2.6 2.6 2.6 2.7 2.k 2.2 2.5
Ges...... cu. Tt 2,062 | 2,187 | 2,173 | 1,703 2,010 2,230, 1,95k 2,046
Water........lb, &h5 813 890 919 826 TSk 502 854
Gas,... B.,b../lb. of
lignite 328 369 68 k35 305 400 316 360
Char......3.t.u./1b.|12,330 (12,610 12,970 | 12,470 11,770 |[12,580|12, 060 12, koo
Potential heat of
lignite recoversd
in char.,.,.percens| 80.1 82.0 81,4 8.2 83.3| 81.8] 8o.7 81.9
Volgbile matter in
char........ rercent 17.8 8.0 18 .46 28.6 9,07 18.8| 19.2 18.6
Ash in char... do. 13.9 1.5 9.1 2.k 17.6| 13.0] 15.5 13.3

TABLE 20. - Contractlion in volume of charges of Velva
lignite 85 mined in BM-ACA tests as a
function of processing tempersiure

Contracticn,
Test temperature, ©C, Dercent by volume
500 33.1
600 k7.3
700 b7.5
800 o1.5
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Process Methods

process oo o

cen carried oub in this country since

£ lignite has s
Objectives of lignite carbonization heve changed from
g for the products., Before develob-

Experimental cerponizabion ©
+he middle of the 1ast century .
time Lo time 28 a result of contempleted end use
ment of convenien® oil-turning equimment and construchion of numerous POWeT plants,
almost 211 of the lignite mined in the Korth Central reglon was used for dome gkic

heatling . The main objechive of lignite carbonization wmder these circumstances was
e resultant char. Recovery of tar

o provide & srokeless, agglomerated fuel from th
and oils wa&s considered of secondary importance. Wnen coal gas was rather axtensively
ocals foOT mamufacturing the gas

psed for mmicipal aistritution in North Dekota, gas <
nad to be tmported. Tt was t+herefore proposed to use lignite in the conventional
retorts of ga88 plants for menufacture of city gas. Racause E8S WS +the desired end

product, carpenization tempsratures 1ad to be Very high, which regulted in low tar
yields. Meenwhile, 0il snd netursl gas have increasingly replaced golid fusls for
demestic hesting, sné electricity-and petroleum g85€S are predomina_frt.ly used for
cooking and hot -water gervice. end uses for yroducts

The moTre rocent concept of the
of carbonization of lignite 8re wtilization of the char a5 el for power generaticn
snd utilization of the tar &8 8 gource for chemicals. In this case, the char must
compete with nonprocessed lignite, naturel gas, and heavy fuel olils, and revenuse
from tar mIST _abeorb the cost of the carbonizatlon process. therefors, the pobential
tar content of the lignite should Te high, recovery of the tar ghould be as complete
as possitle, nd the ceThonizabion process

should be chealD.

pilot snd Comercial Plants for carbonizing Americen Lignites

qlenk {11) has reported that Arkensas 1ignite vas carbonized ss early 88 1859 by

Robert Peter to produce g28 for genersting heat snd POWeT. A very crude Trocess to

carbonize Arkansas lignite was operated in 1885, The regultent char was pulverized
with the oils and other ipgredients and the mizbure s01d as TOugh black

gnd mized
a principa.lly on iron snd gteel.

paint, which was use

£ 1500, the Laclede Gas Tight Co. of 5t. Iouis, Mo., ingtalled
noof 4 norizontal D-shaped fire-clay retorts in which 20 caricads
a5 & result of high cerbon aioxide content of
11y, it was concluded theb 1ignite

Tn the summer ©
an azperimental henc
of Arkemsas lignite were carbonized.
the ges, which was too high to be removed economica
ges couid not ©e used as jiluminating ga8 .

Durling () designed a2 inclined slowly rotatize cylindrical irod retort,
The process proved satisfactory with re-

ated rapidly under the high temperabure.

Later,
which was placed In & compustion chambeT .

specht to yields, Yot the iron retort detericr

Tniversity of North Dekota, and his coworkers tock a lead-
rth Dakotsa lignite. Extensive investiga-

and priguetting of residual char, AnN
N. Dek., where experiments were carried

E. J. Bebcock, of the
ing part in early wor o= aevelopment of No
tions were mads On carbenization of lignite
experiment stetion was ogtablighed at Hebron,

out on & large pilot-plent scale.

Paboock (1) and Baboock and Odell (2) reported in detail on types of carbonizing
equipment =nd presented sperating data. Tood and 0dell {13) reviewed gevelopment of

the technique of ligni%e carbonization up to that time.

Alfhough the Bursst of Mines since its establishment had beken Bn active interest
jc-n utilization of lignite snd development of the 1ignite Geposits of the Unitsd States,
ongress, by an ect of February 25, 1919, athorized the Secretary of the Imterior o

_meke inve stigations, through Lhe Bureau of Mines, of lignites and peet to determine the
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practicability of utilization as fuel and in producing commercial products, As g re-
sult of this suthorization, e coocperative agreement between the Burseu of Mines angd

the University of Horth Dakota was signed in 1922 covering the joint use of - Lignite
carbonlzing oven and accessories. Results of runs made in this oven were reporteqd by
0dell (gg)_

Externally heated cast-lreon or clay retorts first used were operated at falrly
higk temperatures, ranging from 1,20Pto 1,800° F,, with the maximur quantity ang
quality of gas obtained at 1,200° to 1,400° F, The clay rsiort was capsble of car-
bonlzing about 400 pounds of lignite in Y hours. Lignites from North Dakota, Montang
Colorado, and Texas were teshted. Average figures resulting from 25 experiments run ?
on sir-éried lignite containing 8 to 27 percent moisture were reroried as follows:

Crerating tempersture, 1,11 . 1,7000 F.

Gas vield 11,038 cu. £t, Der ton of
air-dried ligrite

Heating valus of gas 396 B.b.u. per cu. ft.

Char yield 546 percent of the original
charge of air-dried
lignite

Eeating value of char 11,838 B.t.u. per pound

After further preliminary experiments, a large, externally heated, inclined
retort having a capacity of about 20 tons of lignite per day snd consisting of &
doubvle retorts with 18 gas offiskes erranged to remove gas ab 3 separate levels,
was constructed and operated. Tops of the retorts wers not closed, a feed hopper
of lignite acting as a seal. A single retort was 16 fest long, 30 inches wids,
and 10 inches high. Gas and byproducts could be collected, and stripped gas could
bz returned to the fire box. The influence of temperature, size of lignite, and
time of carbonization on gquality end quantity of products was investigated., Yields
of tar were smell because some tar was carbonized in the fuel mess. The char obtained
was satisfactory for briguetting. A typlical material balence for a ton of lignite,
calculated from data for 8 test mm of 1 week, is given in table 21,

TABLE 21. - Material balance for carbocnization of lignite
in inclined retort

Pounds Percent
Tnpus: Lignite, as mined (moisture 28.24) 2,000 100
Recovered: Char...oivisvesrscecrssennaaanenesa] 807 ho.lk
Water, calc. from lignite analysis 3564 28.2
L€ - 302 15.1
B 19 c.9
Total accounted f0T..vvievirasransunveesan.aa.| 1,662 84,6
Unaccounted for and 108865, cuveresernsnereaad 308 5.4

Losses includs water-soluble products, leskage, combustion of gases and tar
lssking into the flues, and water formed on distillation of the lignite.

In an gttempt to obfaln incresssd capacity =ad lower processing cost, an in-
ternally heated oven of relatively simpls design was bullt. This oven consisted
essentially of & vertical shaft & feet high inside end 3 by 3 fest wide, A davice



to cool and quench the char was attached to ths carbonizing shaft. To supply heat for
cartonization, a gombustion zone was maintained at the middle of the oven bty supplying
air through sirperts opening into the combusilon zone, buming a portion of the lignite
charge, No provision was made to collect gases and tar evolved during the carboniza-
tion process. The oven cerbonized 16 tons of as-mined lignite a day, producing 6.4
tons of char suitable for brigustting.

13
Lurgl -8pulgas Process

The concept of using lignite char as a source for storable, high-B.t.u. briquets
led in 1928 to comstruction of two commercisl plants on the Worth American ccrntinent,
one at Dickinson, N. Dak,, snd the other at Bienfait, Szskatchewsn, Canzda. These two
plents use the Iurgi-Spulgas intemmally heated carbonization process developed in
Germany in the sarly 1920's (3, 17).

The besic principles of the Lurgl process are the following:

1. Ary noncoking fusl, crushed and screened to suitable size can bs
used without pretreastment.

2., Tar can be recovered with high yield, without excessive cracking,
sné without dust.

3. The charge is slowly dried st controlled temperatures before the
actual carbonizetion process.

L. The zones of drying and cerbonizing of the coal and cocoling of
the char are clearly separsfed.

5. The vhole three-step process is cntirely continuous.
Figure 14 shows & dlagram of the Iurgl carbonlzsr.

The North Deskota plant at Dickinson, formerly known as the Lehigh Briguetting Co.
and now operated by the Dakota & Tar Products, Inc., has been described by R. Dawson
Hall {1k).

In this plant lignite as mined is crushed to k-inch or less, and the crushed
material is passed over a vibrating screen. Undersize, consisting of approximately
minus-l/h-inch particles, goes to the power plant, and oversize is charged 10 the
carkonizer,

In the upper section of the retort, moisture ls removed from the lignite, and in
the lower section carbonization tekes place, Part of the gas criginating from carbon-
izgtion and having = heating value of about 150 B.t.u. per cublc foobt is mixed with
air end burned outside the drier, snd the products of combustion are recirculsted
through the drying zone. Molsture is removed from the lignite during its passage
through the drier and is vented to the atmosphers. Considerable disintegration takes
place during the drying process, leesving a dried product of aprroximstely 3/1L inch
meximum size, which descends through 8 pipes into the carbonization section, which is
operated on the same principle es the drier and is equipped with ducts for distribut-
ing the hot products of (externel) combustion from the recycle gas. The gas mixture
enters at ZL,S(}O0 F. and heats the lignite to approzimately 1, 100° F v, decomposing it
to char, gas, and tar vapors., Char residus goes to the hottom of the carbonizer,
where 1t 18 cooled by carbonization gas, as recycled. A gas mixturs congisting of
carbonization gas, tar vapors, snd inert products of combustion is drawn off =& the
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top of the carbonization chember at spproximetely 350° P. Cher is discharged ab the
wottom at about 200° ¥, Total height of the carbonizer installed at Dickinson is
approximately 85 feet, =nd the drylng end carbtonizaticn sectlons are each 20 feet
long end 6 feet wide.

Gas leeving the carbonizaticn section 1s washed in a wster-spray scrubber to
teke out dust, tar is removed by =n electrostatlc precipitator, and final cooling is
accomplished in two scrubbers filled with grids. Cleen gas is returned to the car-
bonizer to cool the char and supply the heat reguirement fer drying and carbonization.

Thers are two Lurgl carbonizers Installed at the Dickinson plant, each having a
daily capacity of aspproximately 100 to 150 tons of lignite as mined.

At Dickinson the tar and oils, after separation from water condensate, are dis-
£illed into & ligquid fracticn and a pltch residue. The distilliste oil is sold for
use as a wood Tressrvative, and the pltch serves as part of the binder for memufac-
turing briguets from the char, Pitch obtained is not sufficlent to meet requirements
for briguetting and must be supplemented by petroleum asthalt .

Approximately 5 gallons of tar snd olls per ton of as-mined lignite were recov-
ered during actusl operstion of the plant, or sbout 70 percent of the yleld, as de-
termined in the laboratory. Tar sad oil recovery is infiuenced in part by the fact
that facilities are not available for stripping the light oil from the gas afier the
tar-recovery system. It has beer reported (3_) that 83 percent of the assay yleld was
recovered in a newer Lurgl -Spilgas plant, which scrubbed 1light oil from the gas,
whereas the yisld was 71 percent of assay disregsrding the recovered light oll,

Economic success of the Dickinson plant did not come up to expectation because
its main value product 1s briquets for the domestic market, which has been declining
because of competition from other fuels. Quality of the char briquets, having a heat -
ing value of sbout 12,000 B.t.u. per pound, Is very satisfactory as far as burning
properties snd storability are concerned. Tar prodguction is not sufficient in quan-
tity tc process it for masximum reslization.

Fiuidized Carbonization, Bureau cf Mines, Denver, Colo.

Work on low-tempsrature carbonizsation of lignite, using mew technigues, has
recently been successfully reactivated by V. F. Parry of the Denver laboratories of
the Bureau of Mines. The Texas Power & Light Co. cooperabed with the Bureau of Mines
in this development work. In this process, carvonization of fine-particle coal in
the fluidized state is used to cbtain high heat -transfer rates, high capacities, and
low operating costs (&, 5, 20, 2k). Feed size of the coal is minus -1/k-inch. Required
regldence time of the particles in the carbonizer is 10 %o 15 minutes.

e process developed by Parry consists of twe steps. Lignite, as-mined, is
crushed to minus-l/h-i_nch gnd dried in the entrained state in a stream of hot gases,
This process has been described in section 5 part 1. The dried coal is then trans-
ferred to the Tluidized carbonization retert. In the carbonization retort, process
heat is furnished in part by combustion within the retort through limited addition of
air and in part by external heating. The mixture of char, gases, and tar vapors leav-
ing the retort at the top is separated in conventional dust -removal equipment and a
specially designed hot slectrostatic precipitator, HNonagglomerating coals csn be
carhonized readily in the entreined and fluidized state by this techniqus.
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Because operating data are not available from the commercial plent now under
construction, the eguipment used during develomment will be described. The 300-
pound -per-hour pilet plant, which was used to develop the technigue of fluidized
carvonization and to determine yields, is shown in figures 15 and 6. It con-
sigbs of sn B-inch steel retort having a sprayed coating of 312 alicy to prevent
oxidation. The retort is suspended within a refractory-lined outer chamber heated
with gases produced by combustion of naturel gas end air in an external furnace.
Coal is fed by a mechanical vene fesder from the dried-coal hopper inte a stream
of amir or recirculated Trocess gas that transyorts the dried coal to the fluidized-
carborization retort., With & gas velocity of 3 feet per second at the base of the
retort, the aversge particle of dried coel remains in the retort approximately 12
minutes. If gas is used to tramsport the cosl, mll heat of carbonization is sup-
plied by transfer {rom the hot-gas zone through the retort walls. If air is used,
internal combustion supplies part of the hest required. Approximately 60 percent
of the heat of carbonization is supplied by combustiion resuliing from the use of
3 cubic fest of air to tramsport 1 pound of dried coal imto the carboenizing system,
Early tests were made with the annulus shown inside of the retort in figure 15.
Clean process gas was recycled down this annulus, The gas absorted heat from the
hot wall snd carried it down to the base of the retort, where the gas jJoined the
stresm eptering the centrsl retort tube. The annulus was intended to dstribute
the hest evenly throughout the retort and assure umiform temperatures. It was
found, however, thet this was ummecessary, end later tests wers made without the
sonulus. In these later tests, sll of the gas entering the retort entered with
the coal stream. Leaving the top of the retort is a mixture cof char, wster vapor,
tar and light-vil vapors, end gas, This mixfure is rassed through a primary sepa-
rator, which removss approzimately 93 percent of the solids, and is then passed
through the heated secondsry separstor, whers 70 percent of the remaining solids
is removed., Vapors leaving the secondary separator are &t the carbonizing tem-
verature, usually 900o F. They are first pessed through an indirect alir-cooled
condenser, where the heavy ends of tar end most of the carryover solids are
removed. Residual vapors and gases leave the air-ccoled condenser at about 31&00 F.
and pass through a tube condenser, whers they are cooled to about 15C° F. The
gases then pass through the steam-jacketed electrostatic precipitator, where the
remaining ter is recoversd, and leave the yprecipitator at 150° ¥. From here the
gases go to the second indirect tube condenser to remove water and the last traces
of condensable light oil, They leave the second tube condenser at 60° F, and are
pumped into the recycle system or through the meter to storage or dispossal,

Only cne Forth Dakots lignite - Gerrison lignite - was included in the series
of coals tested in the pilot plant, TYislds from the carbonizaticn of this lignite
dre compared in table 22 with those from Sandow lignite from Texas processed under
various opsrating conditicns. Sandow lignite will be used tc produce char for the
Texas Power & Light Co. and the Aluminum Co, of America at Rockdale, Texz. (L),

Garrison lignite yielded approximately 7O percent of the emount of ter and
light oil cbtained from Sandow lignite under comparable processing conditions.
4s previously shown, Nerth Delota lignites in genersel yield less tar and light oil
than Texas lignites,
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Introduction of alr with the lignite during run 3% increased the capecity orf
the unlt aprreciably, since 1 cubic foot of air, by internal combustion produces
approximately 100 B.t.u., of which approximately 70 B.t.u. 1is available for car-
bonizaticn after correction for the sensible and latent heats of the products of
combustion at 900° ¥, The yield of tar remained esseniially the same whether or
not air was used, and the B.t,u. in the gas per pound of lignite remained constant,
Introduction of air, of course, resulted In lowering the B.t.u. per cubic foot of
gas because of the dilution effects of the products of combugtion, The chief
effect of air appearsd to be reduction of the yield of char and increasing the
yields of total gas end water. The yield of tar actuslly increased in run 36,
when air was introduced, ag the resuli of a new shipment of Sandow lignite, which
vielded 13.2 percent tar and light cil in the assay test on molsture- and ash-free
basis, as compared with 12.2 percent of the Sandow lignite used during rum 1.

Analyses of the chars obtained from rums 11, 10, 1h, and 36 are given in
table 23. FPhysical properties of Garrison lignite and char are listed in table ok,

TABLE 23. - Chemicel analyses of char

Carbonization test Ho. +vevesenns 11 10 1k %1/
Carbonization, temB., “Fu serverecnnerns . 8o 8Ly 900 900
Name of lignite.sviecarcarraarsss s saaan Garrison Sendow Sandow | Sandow
BOUrCe,usaanans P esrtesiivsrnssrasansies .. North Dakote | Texas Texas |Texas
Proximate enalysis:
HoOvuwiaonans I ¢ Ch f &< 0 0 o] 0
Volatile matter..... D < < 38 28.7 30.2 250 24,1
Fixed coarbOmausieescsssenens eee. do. 5.9 53.8 55.6 57.4
Ash..evineers vareersernn s do . 14 .4 16 .0 8.4 18.5

Ultimate snalyslis:

Epaeesurornanurasonnnarnanrnnas percent 3.6 3.5 3.3 3.0
C e ianecssasanancannarrnaonens .. do. 66.8 66 .4 £5.9 66 .6
Woueveannn N - 4 8 1.3 1.5 L.k 1.5
Oovrenenanns P 13.3 10.9 9.1 8.9
J T = [« 3 0.6 1,5 1.9 1.5
ASH . eevrnrennnacas Ceemirraus weedo. i b %0 8.4 18.5
Eeabing value,.,ec.einanss cee. Bt /Ib. 11,160 11,140 | 10,950 | 10,970
I/ Air introduced, 2.5 cu. ft. per 1b. MAF lignite.
TARBLE 24. - Physical properties of Garrison lignite end char
As mined | Dried Char
Average paTticle SiZ&.....eevenevenseds.inches 0.082 0.041 0.019
DO SIty e s enennseoracsessennnensnns 1b,/ou. £5. | bL.b 40 .0 35.9
Hardgrove grindability iDdeZ .ueeeeeersrsesenns 57.7 76.1 gL.1

Average psrticle size was considersbly reduced during processing, and grind-
ability index was improved.

Compogition of gasss for the test runs of table 22 are presented in table 5.
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TARLE 25. - Composition of carbenization gases,
Binch fluidized carbonizer

Carbonization test HO..e.cevaearacurrmerogst 11 10 1 36
Carporization TEMP..siaasrevreer R 840 8Lo 900 900
Tame of Henite . ooaearesrarmtainenes [P Garrison Sendow | Sendow | Sandow
COUTCE s s nmarrsnsnannarsssssuenvrsent s vveess | North Dskota Texas | Texas | Texas
Air per 1b. MAF lig.uite...........s‘td..cu.f‘t. 0 0 ¢ 2.5
Volume, percent:

T T R R veaan 0.8 0.7 b1 1.1

OB vansrseunnnnosnnesrsnanannusrsneneies 53.5 51.6 Lok 23.2

TI0 . s eeennnnssnnnasanonnasspsoaosrsnstss 3.9 kg 5.7 2.6

R LR R R 0.3 0.3 1.h 0.2

COvvnuonnsnsnnannns eriesssaneieenasers 16.6 17.3 14,0 6.3

Houesnenanrasran R TR LT L,7 10.9 3.2

CHYusnorarnavunnsaesarsasnreaarss caea 11.3 4.2 17.8 £.5

CoBGevnranrnnsssnnnnsnnessreraronsrose? 2.7 k.0 2.4 2.9

R R R AL 1.2 2.3 1.3 | 54.0
Hesbing value................B.t.u./cu. 4. 312 389 365 218

ation tempersture from 8ho® +o 90{)D 7. reduced the
concentration of carbon dioxide end carbon monoxide and increased hydrogen and
methane, Application af internal heating by introduction of alr with the lignite
primarily increased the nitrogen content of the gas, thershy lowering the heating
value; however, because of the presence of hydrocarbons, heating value was gbill

higher than that of conventiomal producer g88.

Tncreasing the carboniz

«ts have shown that aboub 80 percent of the heating value
ed in the selid residue, Pilot -plant dats are gimilar,

Results of assey te
of the lignlte was retain
53 snown in teble 26.

TABLE 26. - Distribution of potential heat per pound of lignite &s

“harged, B-inch fluidized carbonizer
Saroonization ftest Ho..wwaeesenns e o 361/
Carbonization LempPETELUTE . aa s T 0 Goo 300
Name of 1ignlte...ecarsmeaapennesins Sendow Sandow
SOUTCE s nsssusasvsesasnessuasaonzss Texas Texas
B,t.u. lPercent B.t.u. |Percent
Lignite, &5 ChaTged.esreaasarasrabsens 7,100 100.0 7,000 100.0
AT s v eesnsaosabansssennsnrarasanenns 5,666 79.8 5,082 726
Ter + Light Oll...eeaacaraanausnesens l,lh?} 16,1 1,253 7.9
GEE vennnnvnne S eaean 3k8 L9 Lkl £.3
Tnaceourtad T0T aeerersaarerarasersres -3 -8 eok 3.2
TotB)ladessnsaanessesnassennenasst 7,100 | 100.0C 7,060 | 100.0
1/ air introduced, 2.5 cu. 7% . per lb. MAF lignite.
The avellsble data did not allow & hest balance to be calculated for the
Garrison lignite from North Dakota. When Sandow lignite wag carbonized at 9000 T,
the char, which wes 1g.3 percent of the weight of the criginal lignite, contained

79,8 percent of 1

ta heating value.

The char and the ligul

d byproducts (tar and

ed 95.9 per

cent of the heating

walue of the lignite.

When &ddi-

light oil) contaln
tional internal heating by admission of &ir
wers rTeduced To 72.6 percent whersas B.h.u.

wes used,
in <ar &1

B .4 .u. recovered in the char
4 lizht oil did not change



54

materially. The authors have therefore assumed that the air reacts primarily with
the char and does not burn the liquid products of carbonization.

Since the economic success of the rrocess depends on credits realized by sale
of the liguid products, their recovery in the carbonizing eguipment should approach
that of the assay test, which is considered to give approximately opbimm results.,

In figure 17, yields obtained in the 8-inch pilot plant procegsing Sandow
ligrite at various temperatures are compared with tar-plus-light oil yields from
the 500° €. assay tesh,

The lower curve indicates that approximately 95 percent of tar plus light oil
determined by the msssy test was recoversd in the pilot plant at carbonizing tem-
peratures ranging from 900° to 950° F. The crosshatched area shows that some re-
sidual tar and light oil were left im the char, which, when added to the recoversd
tar and light 011, would exceed the assay yield. Low-temperature carbonization in
the entrained and fluldized state in the equiprent developed by the Buresu of Mineg
rrovides efficient recovery of liquld products. A high percentage of the origi-
nal heating value of the lignite is recovered in s greatly reduced weight of char,
vwhich constitutes a high-F.t.:. boiler fuel.

Investigations to Producs Coherent Coke From Lignite

Char obtained from normal carbonization of United States lignites is of &
loose, noncoherent naturs, not sultabls rhysically for blast -furnsce use.

Leboratory studies have been made by the division of mines and mining experi-
ments of the University of North Dakote in an effort to Improve the coking charac-
terlgtics of North Dekots lignite, Studiss were meds of the influence cf the
following variables on carbonization:

1. Addition of inorganic materials before carbonization,
2. Blending with bituminous coals =nd Pitches before carbonization.
3. Mechanical pressure during carbonizatiocn.

Tt has been known for some time that addition of inorgenic salts to either coking
Or noncoking coals influences hoth the structure of the resulting coke and its
reactiviiy. In the tests with North Dakota lignite, verious anhydrous end hydrsted
salts were added to samples of crushed, air-dried lignite, lignite was extracted
with hydrochloric acid or sodium hydroxide soluticns, and steem-dried lignite, =nd
the mixture was then carbonized {9, 18, 19). Char, gas, and tar yields were meag-
ured and the physical structure of the char noted,

Hydrated aluminum salts, notably Alp(80y}3.1800 and AlC13.£HZ0, caused encugh
cementation of char particles to oroduce coherent pseudocoke having, in some in-
stances, a bright metallic luster resembling metallurgical coke and in others a
black luster, as with petrolewm coke, Hardness of selected cokes equaled that of
Tetroleum coke but wes less than thet of metellurgical coke.

Removal of a portion of the lignite ash by acid treatment increased the effec-
tiveness of the aluminum hydrates but did not affect char, tar, and gas yields.
Prior treatment with sodiwum bydroxide to remove the alkaeli-soluble humates de-
stroyed the effectiveness of A_'I.Q(E)h)3.18EEO in producing coherent coke and de-
creased the char, tar, and gas yields comparsd to carbonization of unextracted
lignite with equal edditions of aluminum hydrate.
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Addition of inorganic salts to steam-dried lignite did not yield as satis-
factory a coke as the nondried lignite, and tar yields were generally lower (_]é) .

Chars produced from lignites treated with snhydrous salts, inciuding calcium
carbonate, sodiwm carbonabe, end aluminum eulfate or chloride, were simller o
untreated chars, Some =dditional hydrous selts investigated, such &s ferric
chloride hexahydrate and magnesium chloride hexahydrate, were not effective in
promoting formation of coke,

The mechanism by waich the pseudocoke Forms is apparently omne in which the
melted salt dissolves in its water of crystallization and wets the surface of the
lignite particles. The hydrocarbons evolved during carponization pass +through
the surface £ilm and in the presence of the inorganic matter are de composed or
cracked, forming & nard graphitic layer, which cements the carbonized particles (9_} .

Cenerslly, yields of char and gas were increased somewhat and tar yield de-
creased when the inorganic salts were added. However, the process was not promis-
ing for commercial application necsuse of the largs amounts of hydrebe required,
ranging from 10 to 40 percent, by weigh®, of the lignite carbonized.

Cprbonizaticn properties of various blends of aried or precaerbonizad lignite
with bituminous-coal tar, petroleum, and wheat -straw pltches or bituminous coels
have been investigated {(10). Only blends of Pocghontas ¢ogl end lignite char con-
taining at least Lo percent Ty welght of The coal gave & satisfactory coke. Addi-
tion of hydrated inorganic salts improved the coking charecteristics of the various
blends.

Bituminous coal-tar pitch was not satisfactory. Petroleum pitch gave a gatis-
factory coke if inorganic hydrates wsre added. Addition of 10 percent petroleunm
pitch reduced the reguirement of aluminum chloride hexahydrate to produce coke by
a factor of 3. Pitch was prepared from gtraw by steam distilletion or pyrolysis
with ylelds of sbout L psrcent. Blends with 16 to 20 percent of straw pitch and
small emounts of iporganic hydrate produced & good coke upon carbonizetion (}_Q) .
When mechanical presgure was applied to the material undergoing carbonization,
improved coking characterlistics were obtained. A coherent residus could be made
without adding binder or jnorgenic salts. However, carbonizing pressures wers
high, being initially some 20,000 pounds peT square inch, with the final pressure
gomewhat less and inversely related to the carbonizaticn temperature, The gize of
particles subjected to thermal treatment influenced the coke characteristics - minus-
20 -mesh meterial gave the pest results. Additions of inorganic hydrate OT blending
material required to obtain comparable cokes Wwere reduced when the carbonization was
carried out under Ppressure. Ahgain, the pressure requirements and salt additions were
such that such processes could nct e considered for commercial use under prasent
technological and economlc conditions.

Qerman Processes fOT Carbonizing Lignite and Brown Coal

The main purposs of provn-coal carvonizetion in Germeny was Lo TecOver tar
and 1light oill as a source of wax, fuel cil, diesel 0il, wood preservatives, and
motor fuel. The resultant char wag used &s woiler fuel, =g a source of hydrogen
for hydrogenation of trown-cosl tar, and to a minor extent for domestlc fuel.
vields of tar and light oil =s high as 17 to 22 percent oo & moisture- snd ash-
free basls are typlcal for CeptTal German hrown coals, which differ significantly
in compesition and properties from American lignites.
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Both external and internal heating were uged to supply heat for the carboniza-
tion process. fTxternal heating requires thet the bed of brown coal be thin to
obtain sdequate rates of heat transfer znd retort capacily. Provision is made toO
deflect the descending gtream of Trown coal from the externally heated well to
gecure mmiform heating. Because of the narrow carponization svace, the previously
dried brown coal must be crushed te approzimately 0.0k to 0.12 inch to meintain
free Tlow. Advanteges of external hesting are: Hilgher heating valus of the un-
diluted carbonization gas, smeller gas volume +o be processed, and higher concen-
tration of light-oil vapors in the gas, which foelilitates light-oll recovery.
However, the capacity of the carbonizers is lower then +hat of internally hested
units. Because of the amall initial size of +he brown-coal perticles and the
Purther bresking up of the particles during carbonlzation, the char particles sre
very small snd require cereful nandling to prevent spontanecus heating or dust
explosion.

In conventional Germsn practice intermal heating 1s carried out by burning
the carbenization gas io & combustion chamber =and irtroducing the products of com-=
bugtion into the carbonizer. With thie method of beatlng, the capacity of a car-=
honizer unit can be very large, the gize being limited by the required uniform
distribution of the products of combustion through the charge. It is necessary to
use a vniformly sized feed, usually briguets made from Trevicusly dried brown coal.
Lignites of 2 copeolidated nature, like North Dekota lignite, cen be carbonized by
internel hesting in as mined condition and need not be briguetted. Disadvantages
of internal beating are: Low heating valus of the gas becauss of aiiution of
products of combusticn, large g8s volumes, wnich must be prc':cessed, and the low
concentration of 1light oil vaper in the gas, which does not permit afficient
recovery by gerubtlng.

Examples of extemally hested carbonizers that were uged commerclally are the
Rolle, Eosag-Geissen, end Borsig-Geigsen retorts, shown in figure 18.

The Rolle retort is &n improved snd modified design of 2 carbonizer that was
extensively used In the early days of brown—coal carponization, To increass deily
capacity snd size of the char, the former operaticn on brovmn coal as-mined was
changed to carbonization of briguets made from brown coal dried +o approximately
il percent moigture. The main parts of the Rolle Tetort are two cylinders mmg
in & cylindrica.l chell constructed of refractory with gurrounding heating Plues
{30, ». 20). The upper cylinder, made of cast irom, is 1pternally heated by gas
to dry snd heat the briquets to carbonization temperature in the shortest possible
time. The znnulus formed by the outer and inner cylinder Iis 12 inches wide.
Water vapor snd gases T withdrawn by & 1ouverlike hood resting on $op of the
cast iron cylinder. Products of combustion leaving the cast-iron cylinder pass
into the mein flue-gas duct. The lower cylinder consigte of 8 steel framework
+hat supports refractory brick, each having = hole allowling the gesses to escaps
from the annular space into the ipner part of the cylinder. Gas is withdrawm at
the bottom of the cylinder. Anmuisr space in the carbonizing sectlon is 7 inches
wide. The retort hes a carbonizing capacity of 12 tons of briquets per day. Tar
recovery is TO percent of the vield by Fischer assay. DBecause of their low capac-
ity, only 3 plants, producing approximately 72,000 tons of tar per year, were
aquipped with Rolle retorts in Germany at the close of World War IT.

The Kosag-Gelssen mmd Borglg -Geissen retorts (fig. 18) also employ external
hesting of the carbonization spsce (30, ©p. 22, 25), The basic design of the two
retorts is slmilar, the latter being en improved woaitication of the first one.
Both retorts are operated on gried and crushed brown coal, which descends between
two concentric metal cylinders, the inner one of which rotates slowly and is heated
by a large Bunsen -type gas burmer. Baffles set in the carbonization space deflect
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+he gtream of descending coal particles to secure 1niform heating, Carbonization
gases pass through openings bhetween the louverlike baffles Into a gas -collecting
space from which thsy are withdrawn through several gas offtakes, In the Borsig-
Geissen retort, rrovision i1 made for flue gases leaving at the botiom of the
heating chamber to be returned to an annulus surrounding the gas-collecting space
to prevent Tormation of deposits. Ths maln difference between the fwo deslgms is
the width of the srmular carbonization space, waich is 2 inches for the Eosag-
Ceiazsen retort and 3/% to 1 inch for the Borsig-Geissen retort. Reduction of the
width of the carbonization space accomnts for a higher capecity of the Borsig-
flaissen vetort per unit area of heated surface or unit volume of carbonization

" space.

In table 27, comparative figures sre given for test rums on the two types of
carbonizers {30, vp. 24, 30, 31},

TARLE 27. - Comparative figures for Kogag -Gelssen and
Forsig-Gelssen retorts

Type of OVenR Borsig-Gelsgen Kosag-Geissen
Throughput/aﬁ.y........................,tons 3.6 41,0
Moisture of brown coal..... s eesees..percent 15.3 15.6
Heated surface....... iiassaenneenne 82 TH. 136 1,359
Capacity of hsated SUTTECE ., verasensrossnnns

i iiieeesseeiInf(sg, 26 (0T 21.2 2.5
Volume of cerbonizatlion space.,.....0u. ft. 12.33 253
Capacity of carbonizatlon SPACS...sssssesnn

e f(eu.pt ) (b 234 12,3
Tar yield..........percent of Fischer as5say 115.8 1.8

Tn addition to a number of Eoseg-Geissen retorts, there wore 22 Borsig-
Gelgsen retorts in Germany at the close of World War II, the combined tar produc-
tion of which was approximately lhB,OOO tons per year., A design of a large Borsig-
Gelssen refort, which supposedly would carbonize 120 toms of dried brown coal per
day, was developsd but not built,

The internally hested Lurgl -Sp;::lgas retort {30, op. 3p-h1), the ssme systen
that 1s in commercial use at Dickinson to carhonlze North Dekota lignite, found
the widest application in Germany. 3Besic design of the i{mproved carbonizer is
segentially like that previcusly shown. The capacity of & carbonization wit when
using brown coal has ween increased since the Dickinson plant was btuilt. Twoe
shafts, each approximately the eize of the Dickinson carbonlzer, wsre placed on
esch side of the central combustion chambers supplying the hesting gases, AS &
result of improved distribution of heating gases, the capacity per unit volume of
carbonization space WeS increased when brown-coal brigqusts were used; however,
there was IO subgtential increase of the capacity per unit volume in direct car-
ponization of lignite gimilar to North Dakota lignite . Recovery of tar and light
oil was mpprozimatsly S0 percent of thal obtained by Fischer AsSA7. Heat consump-
tion per pound of briguets containing 15 percent moisture was in the renge of 900
to 1,100 B.t.au., iegving some excess ZAS, which wes used to dry the hrown coal
before it was briguetted. The heating value of the gtripped gas was frem 180 to
215 B.t.u. per cublc foot, depending on the prown coal used. Gas ottalned from
carbonization was sufficlent in all ceses to supply heat for beth carbonlzation

and 4drying.

At the end of World War I1 98 Lurgi—Spi‘lllgas retorts were operating in Germany,
carbonizing 35,000 tons of brown-coal briquets per day, of 11 to 15 percent moisture
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content, in the production of 1,560,000 tons of tar end light oll per year. Each
Lurgi -Spulgas unit thug had =2 carh?'nizing capaclty of close to Loo tons of briguets
per day. Iuo addition, 80 Lurgi-Spulgss retorts were concentrated &t 1 plant mroc-
essing 25,000 tons of 35 percent molsturs Czechoslovak lignite per 4ay in the pro-
duction of 900,000 tons of tar and light oil per year. Thig Czechoslovak lignite
was gimilar in moigture content and in maysical structure to Worth Dekota lignite.
Each Lurgi-Spulgas anit had a capacity of approximately 310 tons of lignlte per day,

Slightly more than 50 percent of the total low-temperature carbonization tar
produced in Ceptral Eurcpe during World War II from briguetted brown coal and as-
mined lignite was obtalned from Lurgi-Spulgas retorts. The low-temperature tar was
almost exclusively used as feed stock for hydrogenation plants.

Properties of Low-Temperaturs Lignite Tars

The temperature of carbonization influenmces the characteristics of tar and
light oil produced from coal. True primary ters (gﬁ) are produced by technlques
in which the tar vapors are gwept from the carnonizing chember without secondary
thermal decompesition. FPrimary tars generslly have low specific gravity, ranging
from 0.95 to 1.05 =t 25% ¢, High-tempersture tars have = highsr specific gravity
of 1.15 1o 1.25 at 25° ¢, and are relatively dark. Low-temperature tar differs
eggentially in composition from high-temperature tar. The composition is not wall
known. It contains few simple asrometic substances; complex tar acids and hydro-
arcomatic snd alithatic substances are present. The majority of the aromatic com-
pounds pressnt in ordinary nigh-temperature tar are formed by pyrolysis during
carbonization {16, ». 384).

Properties of typlcal low-temperaturs tars obtained by fluidized cerboniza~-
tion of lignite and subbituminous coals are compared with those from high-tempera-
turs carbonization of bituminous coals in teble 28 (2L},

Low-temperature ter obtained from lignite and gubbituminous coals is charac-
terized by & high concentration of tar aclds, by ijower yleld of residue when dis-
tilled to equal temperature, and by ebsence of naththalene, which is a product of
rearrangement of the congtituents of primary tar as a result of high tempersiures.

The digtribution of tar acids iu tar obtained by fluldized carbonization of
lignite end subbitumincus coals 1s chown in table 29 (24).

Concentration of the commercially more desireble lower boiling acids is low.
If lower boiling tar scids are degired, the high-boiling tar aclds mst be cracked.
Development of cetalytic cracking processes ig now being attempted.

The method of distilling low-tempersture ~-carbonization tars influences the
relative yields of liquild digtillete end solid residue, In industrial tar prcc-
essing, tube-still dighillation produces more liquid disgtillete and less pitch
and fized gas than conventional pot-still distillation. In the lgboratory, dis-
tillation at reduced pressure increases the tar-distillate fraction boiling above
2700 C. over and =bcve that obtained by distiliaticn at atmostheric pressure, with
a simultanscus reduction of vield of solid residuc, Since ligquid products ars,
in general, more valuable than ths solid piteh, careful considerstion should be
given o proper selection of the digtiliation processes o realize the high possi-
ble credit from the tar.
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TARLE 28, - Properties of typlcal low-temperature tar cbtained by fluidized
carvonization of iignite and subbituminous coal compared with
properties of bypreduct tar from coke ovems

Internally heated retort, Eoppers coke
Carhonization process entrained + fluldized ovenl/ (average)
Specific gravity of ary tar...60° /60° 1.043 1.180
Benzene insoluble....eeeceess percent 8.3 L6
Leh in Ary tBT . cesecunsvecss 4O 1.0 - 3.0 -
S011difying DOIDt . veemnrinvcorens oc. 25 - 30 -
Maximum dlst. teMDP. vecavsswaneas QO 310 300
Distillate analysis, vol, % ary ter:
0-170°% Cv vrenvrrnnisnans 2.5 c.7
170° - 20098 . tiivinarnenianans . L5 0.4
200° - 210C, seiriiirionsenaanns 3.5 0.7
210° =« 235°C . viienererrannanns . 8.0 5.3
2359 - 270%C, ,...... 12,0 1.1
2709 - end Point...iesaeenenn 2h.5 8.1
Total distillabe.curierrcnas 55 .0 26 .3
Pitch residue 8nd 10ES..reensncosnass ks.,0 3.7
TOI ECiAS.weescssnns as70Ll, % ary tar 20.0 2.01
Tar DRESES.sessonan faenn do. 2.0 -
Neutral oil.veaeacsaens do. 40.0 - o
Nephthalens in 170% - 235°C. !
PrECEION . svssnssesss vol. & dry tar 0.0 T.45
Composition of neutral oil, vol. %
dry tar:
0lefing cevoncennsans e te e esaas 12.0 -
AromatlicsS.. v viarnunsmnsan N 20.0 -
PoraffinsS,sassesearesnnnnsrans cees 8.0 -
Pitch residue:
Melting point....cube in air....°C, 110 -
Melting point...ring and ball...do, - 48 .5
Specific gravity...eaeieess 259 /259 1.200 -

ﬂ Rhodes, E. D., Chapter In Chemlstry of Coal Ttilization: Veol. II, John Wilsy
& Sons, 1643, pp. 1287-1325,

TABLE 29. - Distribution of tar scids in primsry tars

Boiling Volume percent of | Volume percent
Tar aclds range, °C. | tar-acid fraction | of total tar
Pheniol, veesrasaen Cereeaaaes . o - 183 2.0 0.4
Crere80le.nararnssoanes P 183 - 190 1.0 2
m- 2nd p-cTes0l. vveerrness«s | 130 - 200 3.0 b
Isomeric ZFlenols..ceeesnveas | 200 - 233 28.0 5.5
High bolling 2clds.......es . | 233 - 285 23.0 4,5
Aeld TEEiate. sepesssneassrass | Above 285 43.0 8.5

When lignite snd subbituminous coal tars were subjected to atmostheric or
vacum distillation in the laboratory, it was noted that lignites produced the
greater quantity of distillaste rich in nigh-boiling fractions; the effect was more
pronounced in the distillate produced by distillstion under reduced pressure.

Tar from subbituminous coals showed a greaster spread of the distilletion products
by the two distillation fechnigues.
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Preliminary characterization daka on properties of lignite tar obtained from
Texas and North Dekcta lignite by the fluidized, entrained technique are given In
tsble 30, It may be noted thst the tempersture of carbonizebion was 900° F. for
attrital Sandow lignite, whereas it was B840° F, for woody garrison lignite. Both
temperature and different petrographic composition may contribute to the different
characteristics of the ters. Decomposition temperature cf the Carrison tar is dis-
tinctly lower than that of Sandow lignite, which accounts for the lower yleld of
distillste, The concentration of tar mclds is appreciably higher for the woody
Garrison lignite then for Sandow lignite.

No apnalyses are available for the light oil that can be extracted from the
gas in flujdized carponization., Properties of light -0l extracted from the ges of
g Turgi-Spulgas retort processing German brown conl briquets ere given in table 31

(30, p. 269)

Our present knowledge of the properties and potential uses of low-temperature
lignite tar is of rudimentary nature because work on this subject is limited. Ex-
tensive work on chemical composition, products obtainable, end potential uses, which
ig now being carriled cut at various laboratorieg, should permit more accurate esti-
mation of credits obtainable.

Uses for Products From Low-Temperature Carbonization of Lignite

The chief products from low-tempersture carbonization of lignite are char, tar
and light oil, and gas. Cher is the most important product on 2 weight basis, being
approximately 45 %o 50 percent of the lignite as mined, The char contains about 80
percent of the original heating value of the lignite when external heeting or in-
ternal heating by inert gases is uged, Partial internal heating by introducing air
with the lignite reduces this figure t0 73 to 75 percent.

Becsuse the yvield of tar and light oil from North Dekota lignite is only about
L to 6 percent of the weight of the lignite as mined, only processes that consume
large quantities of char can mske tar avellable in gquemtities sufficient for proc-
essing 1t for maximum realization.

The most logical large-scale outlet for char is whtilization as boiler fuel for
large power plants or fndustries that consume large quantities of process steam.
To meke utilization of char as a boiler fuel attractive, the cost per millicn
B,t.u. st ths polnt of consumption must be egual To or legs than that of competitive
industrial fuels. Where the power plant is close to the mine, char must compete
with as-mined lignite. Since the char contains only 80 percent of the heating value
of the lignite, more lignits is initially required to meke aveilable equal amounts
of B.t.u. than would be nscessary when raw lignite is fired directly. Omnes million
B.t.u. is equivalent to 143 pounds of as-mined lignite or to 91 pounds of char when
the heating values are 7,000 B.t.u. per pound and 11,000 B.t.u. per pound, respect-
ively. BSince the yield of char is aprroximately 50 percent of the weight of the
lignite, 152 poumds of raw lignite is required to produce the amount of char equiv-
alent to 1 million B.t.u. Tar credit must pay for the cost of carbonilzation and for
the edditionzl raw-materiel requirement .

An sdaitional small credit w31l be obtainable at the bhoiler plent when char
ig used becsuse of the reduced tonnage of fuel to be handled and the increased
efficiency of the boiler furnaces.
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mARLE 30, - Properties of low-temperature primary tars chtained
From Pluidized carbonization of lignites {(12}(2h)

Carbonization run No. sana.. 36 11
CORLeesenssrnsnersnaasasnssasssansacasss Sendow, TexX. Garrison, N. Dek.
Tomp. Of carbonizZation..vesesssessns oF 500 8ho
Spec. gravity of dry taT...... .. 60° f6o° 1.062 1.054
Benzene ~ingoliuble in dry tar.....percent 8.1 15.1
Atmosd/ | Vecoumy/ | Atmosl/ Vacuum}_/
Meximm dist. temp, or initisi decomp.
temp. OF Gry tBTZ/ ..ivrasqrraraes S oI 310 284 250 206
Decomp. temp. of distillatei]. wrenes 0. 346 360 2086 280
Distillate to decomp, temp., vol. % of
QXY AT . vasseressonnsssnsnsaronannmnns 51.7 70.6 koo 38.8
pistillate enalysis, vol. % of dry-
solids-~free tar:
To 170% Cu vevevrvnnavsronsnnsononns 4.0 2.3 1.9 1.0
1706° = 2OC0° Cu vnenenrancanannnonns 2.7 3.8 3.1 1.h
200° - 2107 €. veveriinsuvennsannnns 2.7 3.3 3.5 2.3
210° =~ 2357 €. vevssssnnsascrnsannss 7.5 5.8 9.4 9.2
235% - 270° C. ceveveserrrocanavnnss 9.2 10.7 13.9 1L.h
270° - 3ecomposition..eerenasrantass 22.7 Lo.2 5.0 6.0
Hesldue end 10SS.ecerevrovarsssasrasrans 2.9 4.5 L8 4.5
Composition of distillate, vol. %
BCIAE e s enncasanasssnsosasonsaaansnnsis 29.8 32,2 66.8 6L.58
BB . savensssarseneaarsarssrasarananas 3.4 B0 3.2 6.0
HautTBl 0Fl.seunes cnsroasanennnenasss 66.8 £3.8 30.0 29.2
Distillate yield, vol. % of dry-solids~
free tar:
ACIAS e v eannomertssrsnenstosnsarsons 5.4 22.7 28,1 25.2
BSOS . v v ssaencasrsarnsonssssnassanss 1.8 2.8 1.3 7.3
Weubral 011, .eceresnasrnanssnasasnns 345 45,1 12,6 11.3
Composition of neutral oil, vol. g
OLoPiNS eensnersrarassanans eanmeaaaane 31.1 59.1 43.3 k7.8
Aromatics..oe.- trsamsieenerersannavens 32,4 24,1 35.h 29.2
PATBTLINE o vrornnsrenanssnssnisssranes 36.5 16 .8 21.3 23,0
Digtillate yield, vol, 4 of dry-solids-
free tar:
0lefiNS cavsenren R 10.7 26.7 5.1 5.4
ATOMALELCE o nnvavasnorannns esererens 11,2 10.9 4.5 3.3
PETATTiNG s sescrnrronsransannarsassst 12.6 7.5 2.7 2.6
Pitch residue, melting polnt:
CUBE 10 BT s eseanssssesneesnnneaes Cou s/an | By 118 92
Ring and Ball.vsserevasrnsnns veee. 30, 110 135 - -
Specific Eravity..cocneessvees 252 /50 | 1,169 1,160 i 1.204 1.18%

Atmospheric distillation at 620 mm,; vecuun distillation at L0 mm, spsolute.
Indicated vapor temp. st decomp. peint In first distillation separation.
Second distillation (Hempel) made =t 620 mm. on both type dlstillates.

By Hempel distillatlon.

In glycerol.

SERES
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TABLE 31, - Properties of iight oll from Cermsan
brown-coal briguets

Specific gravity at 20° C. ... . . esieeeeriii 0.851
Tar acids.,............Weight..............percent 10,1
Distiliete anmlysis (Engler), vol. 4:
To 60° C, 1.4
60° - 8e° ¢, £.3
Bo® - 100° ¢, 1k.9
100°- 120° ¢, 29.7
120°. 1h0° ¢, ka5
1P - 160° ¢, 60,5
1509~ 180° ¢, 73.7
180°- 200° ¢, 8c.0
200°- 220° ¢ 98.1
Composition of tar ecids, wh, %:
Phanoj-.'ccn--ul..l--l‘ll.l..tolll-.lllinlull‘l.. 32.0
o—cresol........................................ 17.3
m—cresol........................................ 10,4
PO rEE0 L st tnetst et rantatrriianrannnn.. 8.0
Isomeric By 0l 8 s e teenrensiasnnnrrannnnnsnennss 22.3

Whers char 1s to be shipped, the question of freight charges enters the pic-
turs becsuse of reduced tonnsge on an equal B.t.u. basis, However, freight rates
applying to char would first have +o bs known before any shipping advantage cen be
finglly evalusted. Speclal handling to aveid spontaneous ignition would also have
to be considered.

Large-scale congumption of char in form of briguets for domestic fuel use deoes
not seer promising in the light of declining utilizaiion of golid fuels for domes-
tic heating under present conditioms . :

Other potential applications for lignite char are the manufacture c¢f elsc-
trodes snd the mroduction of calcium carbide; the latter requires cheap power and
avallakbility of limestone. Because of its high reactivity, lignite char should be
an efficient agent for reducing ores in processes not requiring a physically coher-
ent coke, It might be used for partial reduction of nonmagnetic taconite ms the
Tilrst step of the magnetic concentration,

Char from brown coal, which is somewhat similar to that from lignite, has
been extensively used in Germspny to produce synthesis gas and hydrogen. Possible
utilization of lignite char is more & question of cost than of quality, Therefore,
the future develomment of low-temperature cerbenizaetion of lignite depende to =
large extent om proPfitable use of byproducts, chiefly the tar.

Lignite ter is a sultable gource material for manufacturing aromatic hydro-
cartons and liguid fuels by the hydrogenation process. BEydrogenation of tar is
simpler and requires legs hydrogen then direct hydrogenation of cosl. Tar aclds
recoveresd from processing low-temperature tar are suitable wood preservatives
(_25_) . If the more valusble lower bolling tar acids are desired, the high-hoiling
acids must be catalytically cracked. These aclds have been used in lacquers and
plastics in Germany {28, p. 37).

The gas produced in internally heated, low -temperature ~carbonization Iroc-
€565 1s commonly consumed in the Irocess Itself, which seems to be the most
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desireble utilization. Because of its low heating value, pipsline transportation
would be uneconomical. Heating value of carbonization gas from internally heated
Trocesses apnroaches that of producer gas.

10.
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