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5. OTHER CEEMICAT. PROCESSING

Although no definite conclusion has been reached ss to the fundsmemtal moleculer
gtructure of coal, 1t may be congidered to be a complex organic collold, physically
heterogenscus. The individual coal molecule consimts basicelly of hezegonal carbon
rings making up different polycylle structurss, with naphthenic and ctrer ring
structures cccurring to a lesser extent (_]i) .__l/ Generally, the older the coal, the
mere the plant compolmds have besn converted %o the larger polycyllc mclscules,
Although the large-moleculsr portiona of the coal molecule are of motentially great
interest, actuslly at present the lower molecular weight degradeation rroducts are
of the greatest commercial value,

Lower molecular welght compounds with existing or potential chemicel msrkets
may be obitained fram coal In various ways. Metheds by which coal generally is
treated may be classifled wmder the following gemeral headings:

. Pyrolysis(carbonization),
Hydrogenation,

. Gagification,

. Extrection,

. Pertial oxidation,

L IO

Pyrolysis, hydrogenation, and gagification have been discussed ir detail i
other sections of thls report. The additionzl chemical processing metrcda listed
algo may have pogslbilities for sconomic development , though probably co & mmaller
scale,

Extraction conslsts of diesolving or extracting a portion or all cf +he coal
substence by suitable solvents and then recovering the desired fracticns from *he
solution. The extraction process is @m Important research tool for ctiaining informa-
tlon concerning the fundememtal nature of coal., Camercial applicatiszs also exist,
particulerly for the low-rank coals, and the process of selective extraction may
become more Importent In the future.

By controlled partial ozidatlion degradation is lesgened, and complez substances
guch as humic aclds are obtalned in addition to the ususl combustlon rroducts of
carbor dloxide and water. The distribution and complexity of the degrzésiion
products depends upon the severity of oxildatior amd the nature of the criginal
material,

Another potential source of chemlcals is the coal ash; included are both in-
herent and extrancous ssh. Certain elements, such as wranium or germsnium (8),
may have been concentrated In special cases In the coal ash to =n exitent not
generally foumd elsewhere, as discussed in more detail In section 3, part 1,

Products for other than fuel use thalt are now produced from United States
lignites on & commercial basls Include: Montan waz; "active" carbon, = treated
char ; water softening or treating sgents; wood stains; and oil-well drillirg-mud
additives. Several mall indusiries are opermting profltsbly produecing these
materials, These commercial applications are discussed in the following sub-sections,

1/ TUnderlined numbers in parentheses refer to cltations in the biblicgraphy at the
end of thils section,
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Activated Carbon

Vegetable-type carbons activated by treatment with varicus atmospheres such ag
gteam, air, or carbon diozide are used wildely for decolorizing solutions. The fielg
of utilization extends also to diverse applications, such as water treatment, recovery
of solvents, gas sbsorption, recovery of gold, end extraction of iodine. Declorizing.
type carbons can be wepared from lignite or almost any substance containing carbon,
For example, flax waste, moss, coconud mulls, wood, molasses, and other materials
have been used for this purpose.

Treated lignite uased as activated carbon belongs te class 3 of the vegetable
declorizing carbons, as classified by Mantell (11) on the basis of nenufactiring
methods, Class 3 decolorizing chars are made by thermal treatment of much cerben-
acecus materials ag lignite, sawdust, woods, and waste pulp liquoras, Activetion
treatments very widely with the mechanical strength, porealty, and other factors de-
pendent upon rew meterisl, Oving to the complexity of the factors determining the
activity of carbons in varlous appilications, comparison on the bagls of laboratory
tests, or even dissimllar commercial vaes, often is difficult and may have little
value, 7Two carbona may contain the same amownt of active carbon: one may be an
efficient decolorizer, the other an efficlent gas adsorbert, Both, however, may
be nearly worthlsss when the applications are interchangsd (_l_g),

The Atlas Powder Co. Darco plant, which hes been operating at Marshall ) Tex,,
since 1922, is the only commercilal plant in the United States known to be manu-
facturing activated carbon from lignite, In 1952 the plsnt was reported to have a
capacity of about 2 million pounds of carbon ver month (1), Alloy-steel retorts
externally heated by natiral gas are used, No attempt is made to recover byproducta,
The strip-mined lignits contains sbout 31 percent molsture as charged,

Menufacture of Darco activated carbons, s reported by Evans {2), congists of
Tour sisps, as follows:

. Carbonizing the crushed minus-7/8-inch lignite in retoprts.
. Acld-water washing the burned product.

. Grinding end air-classifying the washed material,

. Packaging gized material for shipment.

FL D

Accorddng to the patent of R, W. Mumford {1z, ;Lj_), lignite is first reduced in
size to 10- to lé-mesh material, and the water-soluble constituents are removed,
Before burning or carbonlzation, a paste is made by adding 1 to 15 percent milk of
starch or gelatinous tricalcium phosvhate., TFrom 5 To 50 percent of 80- to 100-mesh
dolomite alsc is mixed thoroughly with the paste. Progresaive heating tekes place
in rotary kilns, Formation of water vapor in the paste glves considerable porosity
to the material, The dolomite spacing agent prevents overheating wntil decomposed,
Heatlng contlnues wmtil 80C° to 90C ¢, ig reached; the treated material is then dls-
charged into a water bath, The ash 1y reduced by acld treaiment, and the carbonized
meterizl is activated by air and steem at controlled temperatires.

Generally two grades of active carbon are produced, Most of the materisl ig
marketed as finely dividsd Darco, 70 to 90 percent minug-300-mesh, . Darco may be
used In decolorizing and purifying 1lguids and solutions, Including sugars, Byrups,
oils, sclvents, chemicaly, and pharmaceutiecals (j). Eydrodarco, a more granular
product, ig used in water filtering snd purification plants to remove oblJectional
oders, taste, snd colors,
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Derco gradss 5-51 and G-60 contain Ti +o 76 end 93 to $6 percent carbon, re-
apectively, The corresponding ash contents are 23 to 26 and 3 to 5 rercent, 0,5
percent or less of the materlsl belng soluble in hydrochloric scid, The chars are
very slightly acld; 1H of the water extract is L.5 to 6.0, This is considersd impor-
tant for the adsorption of amphoterilc substances (12), Another important characher-
istic of the Darcc chars is their relatively high density either in loose or solid
peck, a5 compared to other cemmerclal activeted carbons of simller grade.

Recent data on producilon of Darco sctlvated carbona from Jgnite sre mresented
in figwre 25 (1), In 1352, Darco production remresented 4O percent of total United
States output of activated carbons, excluding gas cerbons.

The Universlty of North Dakota School of Mines bscame interested in activated
carvon from North Dakote lignite in 1933, owlng, in part, to water-purification prob-
lems accentuated by drought conditions, Laboratory investlgations and pilot-plant
work were carried out In cooperation wilth NWorth Dekota snd Federal rellef orgeniza-
tions. Results of this work are sumearized by Bloomguist {z).

Amick end Lavine prepared am active carbon from cerbonized Velva lignite by
actlvation with superheated steem (2), Material treated at the higher temperature
(950° C.) compared favorably with the corresponding Darco product, The Forth Dekota
rroduct compered with Derco had approximately twice the adsorptive capacity for ben-
zole acid (k2.5 to 21,3 vercent, respectively) and nesrly +the same percentage of
lodine adsorption (46.4 to 45,1 percent). Without scid washing, however, the acti-
veted chars were relatively poor molasses decolorizers. Acld washing increased the
decolorizing at the expemse of benzoic acid and Iodine-adsorption mroperties. Cooley
Irepared activated carbon cr a pilot-plant geale, using stesm activation in a rabble-
type furnace. Selected chars compared favorably for water-purification use with com-
merclal producte with respect to phenol velues end threshold odor nwmbers; however,
Aifficulty wae encowuntered in obtaining & wmiform moduct, The furnace operation was
relatively Inefficlent snd apperently wnsultable for commercial application without
extengive modification,

Before activated carbon can be produced commercially from North Dekote lignite,
further experimental work would be required, In addition to known mocedures, con-
eideration should be given to the application of fluldized techniques for carbtoniza-
tion end stemr activation as a possible aprroach to the problem,

& merket exzists for activated carbon in the Worth Central States, which could
be met by activated carbon produced from Norih Dakota lignite, A portion of this
market would be as decolorizing and treating agents in the sugar-bect-processing
Industry. In northwestern Minnesota reflneries are In operatlon at Bast Grand Forks
&nd Moorhead, with snother large plant tmder constructicn at Crookshon.

Additlonal activated carbon could be used In water purification., The problem
of obtalning potable drinking water 1s quite difficult in the North Central States,
especially durlng drought years, and considerable actlvated carbon 1s used for this
Drpese. Usuelly emch town with a mmicipal water supply employs activated cerbon
to some extent. In Grand Forks, N, bek,, a minimm of sppreximstely 40 powmds of
activated carbon is used per millicn gallons of water treated,

Staln-Type Dyes snd Related Products

A water-soluble browvn coloring material thet finds e market as a wood stain or
Stain base can be extracted commerclally from naturally weathered or slacked lignite.
According to Dove (4), the coloring meterial 1s = canplex mixture simller to the
tlmic or humlc materinls ccclrring in unalbered coal substence. Two commercial plsnts
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have been in cperatlon I1n the Unilted States for recovery of the water-soluble stain,
Ons piant near Bowman, N. Dak., has produced varlous grades of stain materlal under

the general trade neme of Dskallte; the other produced a similer dye from Arksnsas
lignites.

The Arkansas producilon was begun at EI Dorado, where & small plent was operated
for some 3 years after 1938 by the Americen Dyewood Co. Both fiske and granules of
Vandyke btrown were produced., In 1941, some 700 tons of lignlte was used. The
material was mrocesgsed at EI Doredo or at an associated plant In New Jersey. The
New Jersey plemt was moved In 1943 %o Melvern, Ark., where both stain and memtan
wax were produced by an vndisclosed process, Durlng the war years, consumptlicn of
lignlte at thls plant may have exceeded 1,000 tons per year. The operatlon was
abendoned in 1947 owing to the return of imported montan wex to the market (1k).

The North Dakcte operation has = longer history, having been sterted in 1923
by L. P. Dove, formerly North Dekotn State geologist, The colording material Dekelite
is extracted from minerallike weathered or czidized lignite called legnardite, Wken
trested with an alkaline solution, the oxidized lignite or lecnardite forms a water-
soluble reversible colloid, Productlcn of Dakalite consists of extracting leonardite
in hot alkeline solutlon, decanting, and evaporating the dye-containing soluticn to
near dryness., The molst Dekalite is driled further in = rotery-type ¥iln, grownd, snd
packaged. Varlious grades of oll-and water-scluble Dakslite have been marketed (é).

The criginal plant was constructed near Minot in the fail of 1625 =nd moved to
Burllngion a year later. For about 15 years, procsasing was carrled out at Bowman ,
¥. Dak, Recently, prccessing facllitles at Bowman were taken over by the Natilonal
Alvminste Corp, and sre now used to obtain llgnite products for water treatment.
According to Information released by the National Aluminets Corp., the processing at
Bowman conglste only of partial drylng, without chemlcal treatment, The material is
later treated in varicus ways and mized wlth large percentages cof other chemicals
before being used for water treatment. Details of processing, ag well ag productlon
Tigures, sre not avallable., Production is svated by the corporation to be, "exceed-
ingly small as compared with that of lignite mroduction for other purposss,”

An 0il-well driiling-mud sddlitive is menufactured from oxldized lignite by the
Baroid Division of the National Lead Co. at Haynes, N, Dak, Small amownts of the
addltive In alkaline soluticn are Included to Improve the settling characteristics
of the entrained sollds (E), No details of the processing operatlon asre avallable
at present,

Montan Wax

Menten waz is a natural waz, which may be extracted from some coal substances,
ugually brown coal or lignite, by suitable crgenic solvents, Composltion of the
wax varies, depemding upon raw material and iype of solvent used. Waxy constituents,
guch as monohydric alcoholic esters end high-molecular-weight acids predominate, with
resinous and assphaltic material cecurring irn lesser smounts, Chemical compounds that
have been identified are varlous esters, aclds, alcchols, ketones, hydrccarbons, and
resing (14}, FPhyslcally, commercial cruds monten wax has a relatively high melting
point (1559 ¥.) and ig hard and britile, The refined grades exhibit compatibility
with paraffin wexes, A few lmportent applications of montan wax are carben paper,
rolishes, phonograph reccrds, rubber, slecirical insulatiom, inks, greases, protective
coatings, and adhegives. Lignites vary widely In thelr wax content, znd only a few
American lignites have encugh wexmaking constlivents to malke wax recovery eccnomically
feaglible under mresent conditions (1L},
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Before World Wer IT monten wax wag imported. The volmms of imports in 1930
was 12,5 million powds. Imports renged from 5 to ¢ nllliion powrnds annually during
the next 9 years, with sbout 7 million pounds worth $700,000 entering the coumtry
in 1939, Little or no wex was imported during the war years (14),

Domestic commercial production of montan wax has been from Californis and
Arkansag lignites, that from Arkensas caning from the American Dyewood Co, plant
at Malvern, The Americen Lignite Products Co, hes produced monten waz from Celi-
fornia lignite since 1948 at Tome, Calif, (16}, Lignite deposits of the American
Products Co, In the vieinity of Ione, Calif,| cccur in lenses of relatively small
dismeter, ranging from 500 to 3,000 feet and varying In thicknesas, The strip-mined
lignite is first crushed to approximately 1/2-inch particles and then pulverized
in a hammer mill swept by hot products of combustion, Approximately 80 percent of
the pulverlzed material passes a 200-mesh sieve, Ths finely grownd lignite 1s fed
to an extractor and extracted batchwise by petroleum golvents, which dissclve pre-
dominantly wax esters, resinous bodies, and asphalitic substances, Discharge from
the extractor is separated intc extract and extracted lignite by & series of filters,
Solvent is removed from the extract in steam-hsated gtills, from which the liguid
wax is drained end trensferred to pans for cocling end solidification. The recoversd
wax is crughed and bagged for shipment, Solvent retelned by the filter cake is re-
clailmed by steam dletillation to keep solvent losses at & minimum. A simplified
process dlagram is ghown in figwre 24,

Appreximetely 250 powmds of crude monten wax is obtained from 1 ton of lignite
of 25-percent molsturs content, and substantial production is now nderway (i) . AT
rresent the company mroduces only crude, hard, dark-trown montan waz avallable in
two grades and merketed wnder the brand name Alpco. Type 16 waxz sells for 25.0 to
26.5 cents per round, whersas the price of type 235, a pertly refined wex, renges
from 28.5 to 31.0 cents per pound.2

Informaticn on properties of lignite mined for waz extractlon and of extracted
resldue calculated to the MAF basis 1s given in table £1.3/

TABLE 61. - Properties of ligmite mined for war extraction

Tignite, Lignite, Extracted

as mined as processed lignite
Melgture..iseuses s 0ereent! 36,8 11.7 10.2
Volatile matter.percent, MAF| 69,5 68.7 5.3
Fixed cBrboN..u,iessisea. 0. 30,5 31.3 3k,7

Reduction of volatile matter content as & result of wax-extraction should be
noted., General propertles of American montapn wax are pregented in table A2,

Spent lignite from waxz-recovery operatlons ls used e£s an additive to control
the viscosity of drilling mud in the tanning Industry and in the preduction of
fertilizer as a filler. It i1g claimed that spent residue has fertilizing properties,
acts as mulch, improves soil poroslly, restores organic matter, and contributes
hwmic azid o the soil.

2/ From a lotter written by F, . Desngells, General Manager, Americen Lignite Co.,
Aug. 5, 1853,
3/ See footnote 2.




115

37id F2LINSET LN3dS OL

11pmy ‘aue| f*ony sjonpot i 231ub T upd ey ‘allub| woly XDm UDJUOR }O UOIIIDNX auptBpip ssanoug - g7 anbl
L) [ 779D poiqj 241ubiTy ey ‘aiiubl i W3 ! | Ip d -9 dd

N¥d SNIAD3H Xym

o Ty

J9YHOLS

ALINSYT LN34S WOHA
INIAT0S ALVHYHES 01 TULS

43ASNIANOD

N3IATOS LN3dS -

XYM WCHA LNaIAI0S
Jlvyvd3as ol DIlLs

NY3ILS

HIALVM HALvm -—{ YISNAANOD H

T U I
H9YHOLS 39YHOLS
R REETRIE WAL A o 19vy2x3
o HALYM
NOLLYY 3O ONIMINYL ONY SNINIW dINLS
HOLOVHLX3 V00 _©-00
A0UNHNI

397HOLS
LNIATCS

TN -BINNTH

HIREOHD ILINOI

ITid A9YHOLS

|

f

HOdVA HALYM
$3svH LOH




116

TARIE £2. - General properties of Amerlcan montan vs.z_:E/

Ty DS s e sannestanasssassssatassnssrsasnntorsass Lipco 16 Aipco 235

Melting point, ASTM, Del27-5Q s vesnansneassCo By - 85 &2 - 84
ACid VAlUG.wassassssaanasaacsnrratepasansasant 50 - 55 11-5-50
Saponification Value...c.eecersarreannneoseees 118-12L 107-112
COLOT vossanesssnnssasasnansassassassssesscness Brownish- Brownlsh-
black black

Resin (cold ethyl SLHET) v vsaasassaesrs poTCERT 21 - 24 15 - 21
Aaphaltlc constltuents (paraffin method)...do. 3.3-3.8 2.9-3.3
Ashdc 0.,2-0.5 0.,2-0.4
Specific BrATVILT.seesessassensosnaranssornenss 1.02-1,03  1.02-1.04
FraChUIE , ccvavnsssnnnsssnnsaassassnarsmsssanss Concholdal Concholdal
Tnsoluble materiel (hot benzol).ievessseerans Trace -
ltimate analysls, percent:

BB . iessnseeassanssanaasanes ieesavesrensasant 0.2

CET DO ee e anrarnrrassnssnsanasassansaasosssnns 79.k

EyArOgeTle cansnssnsennnsssrassntanarrsresnnts 12.2

O R

DXy @O0 a gsnnaynesasssoearasvsparnsesaseasittos T

I/ From a letter woitten by F. 4. Deangslis, geners
Lignite Co., Aug. 5, 1993.

O W O

)

mensger , American

Extraction yields from vericus Amerlcan lignites end some subbitwmincus coals,
are compared in teble 63 using benzene~ethyl alcchol solution as determined In I1abo-
ratory experiments by Selvig (1L), Fxtrectlon vields with penzene-slcohol solutbions
wers from one and one-half %o Tio times thoze obtalned «1ith benzene alene, owing in
part to soluticn of more reginous and asphaltic substances. Selected samples having
+the highest wax ylelds are reported for each type.

vields from the American Lignite Products mine, Icne, Amador Coumnty, Callf.,
were the highest. Yields from this lignite were & times greater then yields from
Korth Dakote ssmples. Extracts from stbbituminous coals tested were comparable to
thoge from the Dakota Lignites, wherens those from Texas lignites were sllightly
nigher.

Recovery of Elements in Ash

Many coals, including ligmite, have certain elements present thet may be
relatively concentrated compared to the average percentage existing in the earth's
crusb. Chemical properties of these elements are quite dissimilar, with chemically
dlverse elements such as berylllum, strontimm, boron, scandium, zirconium, venadivm,
cobalt, copper, gaiiium, germenium, arsenic, silver, and vrenivm having been reported.
More common elements, such a3 galeium, aluminum, lron, phosphorus, end sulfur, mzke
up the bulk of coal mineral matter (gf.

A%t present, two elements, german fum end renium, are of particular interest.
Treniwm deposits in lignite occur to the greatest extent in an aree including south-
western North Dakota, northwestern South Dekota, and southeastern Montanz. The con-
centration of uranium in natural ligite 1s variabls, but in the aresa nentioned some
beds contain slightly over 0.0l percent (8). Burning the lignite would result in
concentration of the uranium sbout tenfold, Such & residue may be congidered for
commerclal uranivm recovery. The possibillty of uging lignites with nigh ursnlum
content in existling power plents and pecovering the ash has been suggested (§) .
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Germenium is essential in manufacturing transistors and is in short supply.
The only commercial source of gemanium in the United States ig in byproduct re-
covery from the production of electrolytic zine. The current price of germanium
is sabout $35O rer pound, and some 2.5 milliong pourds of zirc ors ig procasssd for
each pound of byproduct germanium rscovered, Ths &verage germenium content of coal
is about 0.001 percent, making the germanivm in each ton of coal worth about $7.
Interest in the rscovery of germanium from coal ash is increasing with market ds-
mand. Future needs have teen estimated &t 20,000 to 80,000 pounds yearly.

Enrichment of germanium in cosl 1s gererally believed to te the ighest In
woody coal ocourring at the top and bettom of the normal coal seam end in sedi-
ments, High-ash coals vsuelly have lowsr total germaniim contents thar otherwise
comparable low-ash coals because ihs german i is ordinarily rresent In the interent
rether than the extransous esh. The extent and nature of the minerailzaltion of +the
swrromding rocks, as well as the tipe of cosl-forming plantz, may alse have Impor~
tant bearing on the Zermanium content. Scme 25 locailties have teen aampled recantliy
In Montana, North Dekota, end Wyoming (15). Thres of the gamples - 2 from Montans
and 1 from North Dakota - conteinsd SNOUgA germenilm (ebert 0,21 4o .23 powmd of
germacivm oxide per ton of coal} to be ligted es germanium rich, It should he noted,
however, that in the recocnnaissance sampling only tke blocks most lixely to contain
concentralions of germanivm were tested; for exampls, the top and bottem of the Seam,
and woodylike coal,

h
a

Controlled Oxidation

Lignite end other comls may be oxidized at low temperaturss, with partial de-
gradation to relativsly high moleculer weight rrodicty, such as eliphatic aclds,
water-scluble polycarbomylic srcmatic aclds, and complex so-called Rumie aclds, in
additlon to the usual carben dioxlde and water of high-tewperaturs oxidation, The
nature of the degradstion products depsnds upon the cxidation methed and the materisl

cxidizeqd,

& plloteplant process for controlled oxidization of L coels wasg
develioped at the Coal Essearch Isboratory of +he Carnegls Instltuie of Technology
(_7_). Essentiall,y, the process corsizted of oxidlzing a coal, elkell, and water
mixture at frow 200° i 300% O, umésr 600 4o 1,200 p.s,i, presswrs, Ash and
ingolible W meterlal were rarmoved i i

acldified with mineral acid

Date irdicate that the lowsr <he
lower the yield of carbexylic ecida wi
thess cosi-oxidation acids ere ac plaz
as l'vl'ori-can-ts, a5 mstel cleaners, as dispersin
ctiier crganic acids. The votential demen
ment for phthalie &cld, hes baen estimate
Drices not aver 15 cents per pounds,
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Miscelleneous Applicatlons

Several miscellanesus applications of lignite for other then combustion uses,
either in processed or natural forms, have been suggested. OF interest would be
the menufacture of varicus carbon electrodes and brushes, lon-ezchange material,
end calcimm or sillcon carbldes.

sccording to Lowry (11, p. 359), sulfonatlon of netural coel subatancs
produces a high-capacity Yase-exchange meterlal, The apparently grester resctiviiy
of lignite might be of value In developlng an exchenge meterisl, ILow cost would
aid competition with synthetlc resins for large applicatlons,

At present, electrods and trush cerbon is made primerily from grevhite,
antrracite, or piteh. Tow ash content ls adventagecus for preparation of electrode
cerben, In preparing cerbons for electrothermal mrocessing - production of phos-
phorns and of calcium and gilicon carbide - requirement as to ash content is less
severe, Although lignite hag = relatively low carbon content, satisfactory carbons
for electrothermael uses could presumably De produced If local demend, based on
cheap power, should develop.
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