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S Constitution, Properties, and hnalytical Methods .

Extractable Waxes in Dnlted States Lignites

. wBelvent extraction of ceruam C—eman browm GOalS w1th either benzerg
S or a mixture of benzene and dlconol ylelds an extrast that 1s termed mon~
tan wex. The montan-wax: ihdustry prior to the war hed been developed_ ex-
tensively in Germany, as the wex finds use in.many industrial applicationg
In 1939, over.T,000, 000 pounds-of montan wax was, imported into the Umtea_
States nesrly. all of which was shipped from.Germeny. As little informa-
tion on the potential use of American low-rank coals a3 a Source of wax’ 15
avallable , an invesiigation is 'in progress to determine the ndature and -
amcunt of material extractable from such coals,

ric
.cat

Preliminary extractions of dry llgnlte wa.th benzene as solvent have '
been made on samples from deposits in Arkansas, Californis, North Dakota,
Texas, and Washmgton. * The results show that a considersbly greater guen
tity of extract was obtained from the samples examined from Cuachita County
Ark., and Amador County, Calif.), than from. the other scurces. The Arkénsas
and California lignites gave £ to 7 percent of.extract cn a dry-coal basis,
whereas the North Dakote, Texas, and Washington samples usually yielded
less than 1 percent of extract. Slightly higher yields were cbtainsd from.
air-dried samples than from samples dried at 1065°C. If an azsotropic mix-
ture of benzene and alcohol is uged as solvent , conslderably hlgner ylelds
of extract are obtained from air-dried samwples than 1f vénzene is used
alone. Yields ¢f extract from the Arksnsas end California- llgnltes are ag
high as 11.to 13 percent on a dry-ccal basis using the benzene-alcchol mix-
ture as solvent., The propertles of the wax extracted from a sample of S
California lignite iz dependent somewhat on the -solvent used in the extrac-
tion. The acid mumbeér and saponificaticn number both Increase with increase
in the amount of extract cbtained., The melting point, ester number, ‘and 80~
called "resin'' content  show orly small differences.

Ll though & number of” tests have been used. for eva.luatzng montan wax,
those most quoied in the Piterature are the meliing point, acid number, . .
sapenification nurber, ester murber, end pesin® contert. .. The term "resin”
is usually epplied to thoge constltuents that are more soluble in ‘solvents
as ethyl ether, ethyl acetate, ethyl alcohol and benzene-alcchol mixtures
at or below room temperature than ls the true ester wax. The -resulis that
have been. completed indicate that the waxes from the Arkensas- and Califor-
nia lignites examined have properties similer in many respects 1o crude
mentan wax from German brown coal. One differemce so far detected is that
the waxes examined may have a higher Treain" content than crude oommerclal :
montan WaX.

Lo

A.nalyses of Mlscellaneous Ma.ter::,a],s

..

A totel of 195 samples of m;scellaneous materials was analyzea and re-
ported during the year. . The samples- represented a wide varlety of" materials -
for which chemical analyses or tests were requested in connection with in~
vestigations of coal utllizatlon or, of problems conearned with health and
safety.
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Forty samples, including 25 catalysts, were analyzed in cornecdtien
with the Synthetic Liquid Fuels Program. Twenty-four of the catalysts were
collected from Germsn syathetis llquld fuel plants. and were analyzed to
identily the active constituents., Molybdenum wes determined in a molybdenum
catalyst and in three catalyst residues from e converter. . Tin was deter—
mined in & residue frem ceoal hydrogenation where tin sulfide was used as a
catelyst., Water from = gas holder was tested for sulfur, and seven ssmples
of kieselguhr, distilled water, water conditicner, and magnesium oxide used

in preparing catalysts Tor Fischer-Tropech synthesis were. exemined for im-
purltles.

-Beventeen semples of coal wers analyzed for water-soluble chloride as
a'part of & study of the preperation of cozl, adaptable for use in coal hy-
drogenation. On an eir-dried cosl ba81s, the amount of chloride calculated
as Gl ranged fram O percent each for a Montans and a Noxth Dekota coel to
0,36 percent for an Indizna cozl. bunples of ash from ancther series of 23
semples of cosl were anzlyzed for Siua, Fe205, Ca0, and Mnx0). Fifteen of
the ash samples represented 1-1 /E—inch by‘l%—mesn coal mineg in Illinois,
Indiana, Kentucky, Montena, North Dekcta, Ohlo, Pennsylvania, Utah, West
Virginia, ond Wyoming. 3Fight samples represented float on 1.60 specific
gravlty of 5,8~1nch by li-mesh coal from elght of the seme mines. Fusein

- in two semples of coal was determined by =z chemical oxidation msthod, A'
sample of minus 5/8-inch raw screenings from Illinoie No. 6 bed ccal com-
tained 5.0 percent fusain, and a channel sample of Pittsburgh-bed coal from
- the Expﬂrlmsnt_L Mine ccntalned 1.2 percent. In. comparison, relatively in-
ert organic material determincd petrographically by the powdered-coal method

" 1n the seme samples was 4.4 and 5,0 percent, respectively.

A total of 50 snalyses wos rede in connection with fuel engineering
service of the Buresu of Mines to other Govermment agencles., These samples
" included 1l boiler-water compounds, 2 samples of tennin used in boiler-
vater trestment, 16 boiler.scales and deposits, and 2 boiler waters analyzed
in connscticn with work on boiler feed-vwater conditioning in Federal power
Plants. Alego, 3 external depcaits on b01ler tubes, 5 fly ashes, and 11 de-
. dogits on air-prehester plates of ste STIL plants were analyzed as part of in-
vestlghtlonu of corresive deposits on boiler surfaces. :

Nineteen samples of slaeg, residue, ccke ash, and 1imestone were analyzed
}n connection with tests of a slagging-gos producer using Rhode Tsland en--
thracite for the direct production of mineral wool.

. Nins samples of petroleun coke ccntuincd 0.02 to 0.05 percent silicon
}and 0.05 to 0.09 percent ircn. Three ssmples of foundry coke contained
i9.0C8 to 0.:023 percent phosphorus, which is considerably under the maximm
'°f 0.CS perecent permitied in the spe01fichtlons. A face sample of coal
t-from Pierce County, Wash., e¢¢rntained 0,08 percent phesphorus. A sublimaticn
roduct collected from the surface of a smoldering refuse dump at the Cado-
2880 mine, Armstrong County, Pz., conizined mainly free sulfur end armonium
oride. ITron wes determined in the ash of lignite, char, blow-over dust,
d ‘sludge from a test run ot the Bureau of Mines lignite-gasification
lﬂnt at Grand-Forks, ¥. Dak., to 28sist in making a materials balance.
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Five semples of limestone .snd four samples of fly.ash were eXamineq t
determine their suitability for rock-dusting coal mines tc prevent the-prop-
agation of coal-dust explosions.. Ths fly-ash samples, representing fing i
ash from furnaces burning powdsred coal, -were cinsidered unsuitabie for -
rock dusting because they were highly silicecus and contained 6.3 to 8.4
percent. combustible matter, which 'is mo:e'thaﬁ the meximm of 5 percent -
allowed in Mine Safety Beard.Declsion 32. .Four ol the vive limesitones ex. i
amined were of sufficient puriiy to be suitable for rock dustimg. Flagh
and fire points were estimated for a sample of gilsonite submitted by the
Michigan Department of Health for tesis of explosibility of the dust, A
sample of resin removed from an Army Ordnance canister contalning steel
palls imbedded in resin was testsd to determine its softening voint, flash

_peint, znd fire point as part of & study of the feasibiliiy of using sur-
plus canicters as steel scrap. Phosphine was determined in acetylene pro-
duced from two samples of calcium carbide in commection with investigationg
of explosions of acetylene. generatcrs. The remaining 13 samples’ examined
included anthracite ash, mine water, and.clay. '

Electrdn Microscope Studies of Coal and of ‘Filscher=Tropsch Catalysfs

Although used for other purposes, the electron microscope was appiied
mainly éuring the year to studies of coal petrography and catalysis of syn-
thetic liguid-fuel processss,., Electron micrographs of sluminum powders re-
vealed particle sirze and shaps differences that accounted for thelr varying
suscentibilities to rapid ignition and explosion. - Electron micrographs of
carbon blacks resulting from the ignition of acetylene and cther gasss
showed that the perticles were spherical and of a rangs of size simllayr. to
commercial carbon blacks.

A large number of electron mlcrographs has besn made In a study of
various types of kiesslguhrs used ag cerriers in Fischer-Tropsch cobalt
catslysts. Preliminary tests have shown that the type of kisselguhr has
some effect upon the catelytic activity. Varieties from Portuga® and Ger-.
many,. presumebly used in successful Fischer-Tropsch catelysts (the former
in England), and American commercizl types have been tested to determine
bulk density, pore volume,. surface area, chemical analysis, and X-ray dif-
fraction characteristics, and the results have been combined with the elec-
tron microscope study in a publibation.z/ Figure 1 illusirates the particle
sizec and shape cheracteristics of same of these kieselguhrs. The magnifi-, |
cation of the micrograrhs, 2,000X, is rathér low for ths electrin micro-
scope, but diatoms are comparatively large specimens for which greater en-
lergement is noi required, The Portigese kieselguhr is characterized by
emall, corpact particles, meny of vhich do not show the porous structure
predominating in other types. Disk-shaped structures averagilng 5 microns
in diameter are the most ecommon regulsr forme. In the Germen verieties,
such disk-like skeletons are nimereusd, and nearly ali of the particies are
of porous regular design., These foreéign variseties presumably ars from

7/ fnderson, ®, B,, Holartney, J. T., Bell, W. K,, end Eofer, L. J. B.j -
Properties of Kieselguhrs Which may Determine Their Suitability as
Carriers in Cateiysts: Ind. end Eng..Chem, (In press.) '
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Figure i{. - Electron micrographs of variefies of kieselquhr
proposed as carriers in cobalt catalysts for the
Fischer-Tropsch synthetic liquid-fuel process.
A, Portuguese; B, Gierman; C, Johns-Manville
Filter Cel; D, Johns-Manville Hyflo Super Cel:
E, Dicalite 91l; F, Dicalite 837T. 2,000X.
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fresh-vater deposits, A1l

extensive beds in the I,

merine origin. OFf & number of s two
showrl represent the extremes in Particle size. The Filter Cel is & natural
‘material, whereas the Hyflo Buper Cel has been flux-caleined. Most of the
particles are Very por

the disk type in number, {
beds, sane of fresh-vater The two illustrated ars from such de-
Posits in Cregon ang Nevada, They apparently contain mope circular and
Ten-shaped formg and fewer rcdlike Particles than the Johns—Manville'marine

Tests wers made on ircn catel _
Drepared in different ways in the search Tor the basic reasons for their
varying degrees of catalytic getivity. Electron micrographs have been
rado of o mmber of these catalysts and of different forms of ircn oxides
that occur in them. Some of the latter are illustrated in Tigure 2, which
shows the L, 3, and # forms o' the hydreted iron oxide FeOCH.. Marked
differences in g ze, shape, and orystal Fform cdn be seen. The perticles
of A ~FeOOH ars smallest, of fairly uniform size (ebout 0.1 micren in

and approach spherical.shaps. The rod-shaped particles of LA
R ut 0.7 micron long and 0.1 micron in diemeter, zre suprisingly
uniform in size. 7 ~FeQ0CH elso congists of Particles of fibrous nature
but varying considersbly in size, fnother common axide Tound, QC'—FeEOB,
is similar to X ~FeQ0H in Lppearance, These micrographs can be used as
'standards,_in conjunction_with‘x—ray ddffraction date, to identify the
Various phases present in iren oxide catelysts, - '

A Mothod of Petrolegic Analysis

A new petrologic method hag been devised_for obtaining comparative in-
Tormation from standhped samploes of comzereial coal. ‘The new procedure com-~
bines the high ¥evel of optical resolution of stmponents inherent in thin-
section preparaticng with & method of sampling that can- be oxpanded to
Serve any practiocal accuracy expectation. A new area of petrologic study
is cpened for investigation by this m5thed %o include such diverse materials
a3 deduster dusts, carbonization blends, and fractions of coal frem verious
BLages oi'preparation schedules, o crux of ccal ganpling has always been
to obtain enough cotl particles so that_al;,variations'in the coal are re-
presentedrproportionatély; Single vicees of coal were nesded for indivi-
dual sections iy ell previcus studies tnat utilized the property of light
transmissicq.‘_A_prohibitive muber of sections was therefors required to
ate sampling of a comerciel lot of coel, even if the pieces

secticn formed s small encugh’proportion of the whole to be
Actually, the Tines of a commereial gample shoyld never be
_disregarded, because this fraction, though it may be a small percentage of
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the. wkole, represents an extrumm of component segregation, and @ small. Der:
centege. of fines. influencea tho pet”ologlc COEPOSLthn of the whole'sam

to & dlSproportionaﬁe extenu. ; “ff L

thhology of the cogl - that is, the occurrence and dlstrlbutlon of
cqmponeqts - ig 1mportant 1n conditioning segregavion QT the varioug” ‘Detros
logic emtities. . Thue, some copls heve an even and ccn51stent enough &13-
tribution of diverse elements, go that very. litile segregatlon c&n 06e
in the sizes. produced by nérmal-bréskage or crushing. Other goals hcw~
important tendencies of ‘component segregation in the seme renge Of sizgy ™
because of more 1rregular distribution of ths various constituent mfterlalg
In order to determine ths effects of iithology upon segregation, it 1g nes
cessary to use petrologlc concepts thet have compositional and not 1litho<
logic connotation., Both vitrain and anthraiylon have certain llthologlc -
as well as compositional comnotations in guentitative petrology, inasmuch ™
as fregments of similar opticol character, but which ccour in fragments
smaller than crlticgl and erbitrary sizes, are excluded from them. In re-
cent work at the Buresau of Mines, vitrain ig interpreted as a megascople’
iqgredlent, snciuding bends thicker than one-half millimeter. Anthrexylon
in z microdetermined constituent ‘thet includes sll bands thicker tngn,lh
microns, Theze bands correspond fo vitrein, so far as composition is con-
cernalde ‘The complete arount of moterizl in o coal semple that is pre caerved
in the same wey as anthraxylon or &z vitrain is referred to as vitrinized.
This constitutes a larger fraction of codl and one thau is not defined by-
refersnce to ;ny thickness of occurrence. It is regarded, therefore, as
a primary compons nt and it can be measured ot high magnificatlion by the .
pulverized-GOQl method to Bstubllsh the influence of 1ithology upon petro-
loglc compositlon. . . )

Fom ety PR D e

Coal prepared for commercizl utilization is frequo ntly druuhed,'ép'“
thet composition rather than lithology is & dominant congideration.  Pual-
verized-conl snslyses can be used comparatively to esteblish what influsence
petroiogic composition has wpon utilizetion properties. Because of 1imitsg~
tion in.sampling, this phase of petxolog;c study could not be undertaken
systematlically previously. It now seems feasible, ag o routines method, to
determine the petrologic compositisn of prepared fractions and of other
ccmnerci@lwtype samples Wlth a compgrative accaraoy of about one- hglf of
one percent

: The method involves careful hand crueh 1ng of ths sample for annlyais
L to pass an 80-mesh gérest, ' The minus. 80-mesh Sample isthen separated in-
- to & fine and coarse fractlon by meand: of. a 325-mesh soreen. The two re- 5
sultant. fractions are compressed into l-inch-dismeter briguettes by using 4
2 small amount of water-glags binder-and: approximetely 60,000 p.g.ie .
. pressure,. The briguettes are drigd end . further. h,rdened by 1mpregnat1ng
with carneuba wax (m.p. ‘ez 85°C.). . Resultant ‘brigquettes are hard end can
be- sawed, smoothed, ‘and pclished by the same mothods used in sectlonlng
integral goal’ speclmens. Skiliful -preparation results in gections that
: show*excellent resolutlon of the comnonents of randomly oriented partlcles.
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Quantitative determinations of constituents:are made at 450X ocoular
magnification. At this magnificaticn, even the most dispersed ccmponents
are clearly resolved; the largest individual particles in the. 80 x 325-mesh
briguette are smaeller than the single field of view, and so no small group
of particies can fortuitously monopolize the gusntitative determination.

The primary entities determined include (1) vitrinized matter;
{2) yollow, waxy metter (spore coets, cuticles, and other similer optical
materiel); (3) various forms of opague matter, including fusain; (&) trana-
Jucent minerel matter; (5) pyritic mineral matter,.and {6) open intereti- ..
tial space, Determinations are prepared on a visualliy puré basis by arith-
metic rejection of items (4), (5), and (6). In other words, significant
values are determined as nearly as posaible by visual methods on the or-
ganic coal substance alone, :

In preliminary work, areas eguivalent to L0C solld micro fislds of
vigually pure coal substance have been determined for each sample, Areas
determined are selected cn an arbitrary 1/2~millimeter spacing grid on sach
gection to aveid any possibility of bilas due to-selection of areas. Each”
of the pulverized-coal sgeticons is studied proportionstely to-the percent= ..
age of sample represented by their respective briquettes. Thus, if the’

80- by 325-mesh briquette equals 80 percent of the .gample, determinations
equivalent to 80 solid micro fields of visually pure coal are establighed .
from it. T

Bubsequent to proportional situdy of slides preparcd from boith coarse
and fine fractions of a sample, the results are combined arithmetically to
give the final compositional values for the whole of the original sempie.
Precautions arc teken egainst any form of segregation or differentizl losa
or Inequitable determination of compcsiticnel constiltuents throughdui the
Sequence of operations, with the exception of the one sizing operstion
using: the 325-mesh screen, This division of the sample has sesmed neces-
Bary in order to make the briguettes hard enough to withstand preparation
of excellent-quality sectiors. It is hoped that modificaticn of briguet~
ting procedure may serve later to obviate the need for dividing the samwples.
inte two size frecticns. The method as now deweloped ia practical in
application and has provided informetion of relstive precisicn on semplss
not emenable to detailed high-resolution microsccpy by eny previous mathod,
It further has the distinct sdventage of utilizing the same 1ight trens-.
EEEEEEE properties of the ceal that have been extensively reported previously
In'analysis of column specimens of Americen coal beds. No question, thers-
fore, enters regarding the essential compatidility of the petrologic en-
tities reported by the two methods of analysig. ' : '

) The fcllowing tabulation of analyses (table‘if'indicates.tha nature
°f'samples and results that are being obtained by this pulverized-coal
Method of analysis. s
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TABIE 1, ~ Petrologic analyses of

rulverized coal samples,

(A1 resuits exXpr

essed on a visually-pure basis,)

Reactive compenents

10rganic fmm—

Vitrinized

matter,
Percent

Yellow

{waxy) matter,

rganic inepy
f compCnenty
i Opague pigg

" fusinizeg
- matter, -

Pitisburgh coal bed - whole experi-
mental sample I

Pittsburgh coal bed.- air-sgparated
dust fraction (approximateiy
minus 100-mesh) ..,,...

LI IR I

Pittsburgh coal bed - concentrate

fraction folleowing elsatrostatic

preparatiOn‘of minug 10-megh
Coal "lliil.....'.'Ii‘ld-.'.i.'
Herrin (I1lincis po, £) coal bed -
crushed row screenings ....,....
Herrin (Illinois No. €) coal bed -
air-geparated aust fraction
(approximately'minus 100-mash) .

Herrin (Illincis No. 6) coul bed -
toncentrate fraction following
electrostatic Prevaration of
minus 1O-mesh Coal vy ie e,

Pittsburgh coal bed - 70 percent
fraction of 1/4- x 10-mesh conl
Trom. experimental head somple .,

Pittsburéh cozl bed - 30 porcent
Trection of minus 10-meahe coal
from experimental head sample .,

Pitisburgh coal bed - 6l percent
Tloat fracticn at 1.50 sp.gr.
from 1/~ x 10-mesh experimental

sample ;......3........,........ {

Pittsburgh cosl bed - L7 percent
concentrate fraction obtained by
expérimental“Qlectrostatic prep-
aration of 10 x 100-mesh coal ,.

Berrin (Illinois No. 6) coal bad -
2l percent fraction of tipple
sample obtained by experimentsl
electrostatic breparation of 10
X 100-mesh conl

LN S

;
!f
|

92.9

87.2

71.0

9h,0 -
56.1

-55.0

rercent

0.6

2

. bercen:

615

1.8

| 5.4 -

k.8

5.2

5.2
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