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were rejected because they failed to mest rock-dusting requirements. These sampleg
included disintegrated slag, spent bentonite, calcium carbide regidue, trap rock,
and Tly ash from boiler furnaces.

Fusain determination by a chemical oxidation method on two ceals From the Palay
No. 5 mine, Coahuila, Mexico, and from the Upper Elkhorn No. 3 bed, Knott County,
Ky., showed moderate smounts of 1.7 percent fusain in the Mexican coal and 2.5 per-
cent in the Kentucky coal,

Analyses of four soot-remover compounds showed that they contained 70 to 90
Percent sodium chloride. Three of the samples contained zinc, and ons sample con-
tained 20 percent of copper chloride,

Chemicel analyses of the 58 other miscellaneous materials were mads in connec-
tion with investigations of complete gasiflcation, coke production, coal hydrogena-
tion, ccal combustion, and mine aacidents.

Constitution, Properties, and Analytical Msathods

Extractable Waxes from Lignitic and Subbituminous Coals of the United States

Investigation of the possible extractlon of monban wax, similar to that ex-
tracted commercially From csriain HZuropean brown coals, from low-rank coals of the
United States was continued during the year., As Preliminary tests had indicated
that Arkansas lignites misht be = potential source of this wax, a4 survey was made
of representalive lignites of this State. Thirteen channel essmples, collected by
the Bureau of Mines and the Geology Division of the Arkansag Resources and Develop- - - .
ment Commission from 10 outcrop exposures and abandoned strip mines in Clay, Dallas,
Hot Spring, Quachita, Poinsett, and Saline Counties, were exemined. The coals from
these sources cecur in the Wilcox formation and ars classified as atitrital lignites.

The yields of wax were determined by solvent extraction, using benzene and a
benzene-alcohol mixture, the solvents reported to have been used in commerciszl ex-
traction of Germzn brown coal. Low yields of wax were obtained from two bench sam-
Ples of Dallas County lignite which had very high ash contents and from the Clay
County sample. The yields of wax from the other sources ranged Trom 5.7 to 11.1

and 9.6 to 16.4 percent on an air-dried-lignite basis, using benzene and benzene-
alcohol, respectively, as solvent,

Tests of the chemical and physical properties of the benzene extracts showed
that they are similar in many respects to the Riebeck brand of crude monden wax for-
merly imported in large amounts from Germany. Prcbably the most significant differ-
ence is the greater "resin” content of the wax from the Arkansas samples., In this
respect they more clesely reserble a commersial grade of montan wax imporied from
Czechoslovakia. The benzene-alcchol extrachs had higher acid and saponification

values than the benzene extracts and when heated appeared only to soften rather than
completely fuse.

o/ RO - O

P

Petrographic analyses were madse of columm samples of lignite from Arkansas,
Texas, and Nerth Dakota in comnnsction with an investigation of montan wex in Ameri-
can lignite. The results of the thin-section study showed that lignites giving
relatively high yields of extractable wax were attrital in compeosition, and the
low-yield lignites were meiniy composed of woody tissue, The Arkansas lignites
examined were typically attrital and resembled scme of ths German brown coal in
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petrographic composition. The Texas and North Dakota lignites exemined were xyleid
(chiefly of woody tissue), with considerably less yellow translucent abtritus than
the bright attrital lignite from Arkansas.

5¥"Electron-Diffraction and Blectron-Microscope Studies of Fischer-Tropsch Catalysts

Electron-diffraction techniques were utilized to determine the effective sur-
. face compounds in catalysts for the Fischer-Tropsch synthesis., X-ray diffraction
“methods are of value in revealing the nature of the bulk of the catalyst material,
but they may not detect changes that take place at or near the surface of ths cata-
lyst. Electron diffraction 1s better-adapted te analyzing these surface compounds
pecause electrons, not being as highly penetrating as X-rays, are diffracted in the
“gurface layers.

One of the most widely held theories of the mechanism of the Fischer-Tropsch

“gynthesis postulates that a carbide of the ircn or cobalt catalyst is formed and
that thig compound 1s the effective catalytic agent, ZX-ray diffraction studies by
the Burean of Mines have indicated that cobalt carbide is not a factor in the syn-
‘thesis on cobalt catalysts. Electron-diffraction results supported this finding.
‘Patterns of cobalt carbide were readily cbtained with Intentionally carbided cata-
lysts but not with those used in the synthesis. Thesge showed patterns that are
< probably largely that of cobalt oxide (Co0), with possibly some metallic cebalf.
Figure 34, shows this type of pattern.

With iron catelysts, X-ray studies have sheown indications of iron carbidse in
‘uged catalysts, but electron-diffraction patterns have not shown the carbide. HNearly
Cevery used irom catalyst analyzed has ehown a strong pattern of magnebite, F€3Oh, as
~illustrated in figure 3B. Thus, although not as yet conclusive, electron-diffraction

evidence shows that oxides of iron and cobalt rather than carbides are the effective
‘catalytic compounds.

Electron-microscope studies of Fischer-Tropsch catalysts&ﬁ/ revealed the effects
of the presence in catalysts of promcters, such as magnesia and thoria, and of car-
riers, like kieselguhr, in inhibiting the sinfering of cobalt on reduction, thus
Ireserving a large proporiion of the surface area upen which the catalytic activity
~18 50 dependent. Much smaller particle size of the ccbalt results when the reduc-
.tion i3 carried out in the presence of the promoters theria and megnesia. Addition
of a kieselguhr carrier also decrsases the size of the cobalt particles. Measure-
ments of the average particle sizes showed: Cobalt basic carbeonate, 0.01l micron;
“reduced ccbalt basic carbonate, 0.22 micron; reduced carbonate and promoters, 0.011
Dicron; reduced carbonate and kleselgunr, 0.028 micron., Swface-area measuremenis
gEY a nitrogen-adsorption method confirm this beneficial behavior of promoters and
. Eleselgunr.

A peculiar crystalline aggregation occurred in, gobalt-metal powder reduced from
tobaltous oxide used in Fischer-Tropsch catalysts.lh The oxide particles sintered
tﬁo larger smooth droplets of cobalt that were aggregated inte thin, hexagonal

Metelets, The hexagons vary In dlameter from 7 to 25 microns, and their thickness

I-a'i..;r-.lsxflrite:t's011J Robert B,, McCartney, James T., Hall, W. Keith, and Hofer, L. J. E.,
Kieselguhrs. Suitability as Carriers in Catalysts: Ind, Eng, Chsm., vol.
39, 1947, pp. 1518-1628,

f&/ McCartney, J. T., and Anderson, R. B., Crystaliine Aggregation of Cobalt Powder:
Jour. Appl. Phys., vol. 18, 1947, pp. 902-903.
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is apparently of the ordsr of the dismeter of the component particles. X-ray aie.
fraction analysis also ghows that the crystal phase present is hexagonal cobalt,

These hexagonal aggregates may be formed by forces similar to those operating iy -
normal crystal formation, but since the component particles do not lose their i

dent
and the aggregates are easily fractured, they can hzrdly be classed as true ¢ Ly

Tystals,

Electron-Microscope Studies of a Micro-Organism Occurring in Acid Mine Drainage

Research groups working on the problem of acid mine dralnage and its contriby...
tion to stream polution have devoted considerable attention to the role of bacteris
in the formation of acid waters. Evidence has been given in the literature that gy
unidentified micro-organism appears to influence the oxidation of ferrous salig to
less soluble ferric compounds that cause the objectioneble rusty color of mine
drainage and add to its acid content. Bursau of Mines electron-microscope studies
have shown soms interesting features of this nicro-organism. Figure 4 is an elec-
tron micrograph of a pure culture of this bacterium. Figure 5 illustrates an 2
apparent micro-organism that has been cbsarved inm natural and synthetic mine waters,
The lower oval body in figure I, displaying a dense nucleus or inclusion, is the
common Type found in the pure culture. At the top of figure L there is an apparent -
splitting of this organism or possibiy a wnion of two, with disintegration of oppo--
gite rounded ends. Comparison of figures L and 5 indicates that this eveolution
probably results in the peculiar shape of the micro-organism found in mine drainage,

Petrographic Studies of Coal

Petrographic examinations were made of 627 feet of coal cores, and con the basis
of the findings the coal was selectively sampled for special chemical and physicsl
tests. The cores were recovered from the Bureau of Mines drilling projects in the-
Castleman Basin, Md., and at Eska, Aleska, and from the Bureau of Reclamatiocn's
drilling project at Moorhead Dem in the Powder River Tield, Wyo. Detailed strip

logs were prepared of all coies studied to aid in field correlation of coal heds
encountered in the test drilling,

A complete petrographic analysis by thin section study was made of a column sam-
ple of coal from the Falrview bed, Soot Creek mine, St. Clair County, Ala. The re-
sults of this analysis, ghowing the amounts of varicus components and types of coal,
are presented in graphic form in figure 6. The saue type of analysis was made of a -
drill-core semple of Fairview coal recovered from £ test drill hole 1-1/2 miles
from the Soot Creek mine. A comparison of the smounts of coal components determined
in the analyses of the cozl core and colwmm sample 1s shown in table 1. This table -
shows a fusain content for the column sample almost double that of the coal core
from the driil hole, The large difference in fusain content determined for two coal
samples from the same coal bed is explained by the fact that the coal core recoverad
from the drill hole was in & badly broken condition, and much of the soft fusain had
been pulverized to dust and lost in recovering and handling the core. The lower
rart of the table shows the coal components of the two samples recalculated on a
fusain free baslis and the results here indicate essentlally the same petrographic
compositlon for the Fairview coal at the two localities.
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TARTH 1, - Comparison of petrographic composition of column sample and
coal core from the Fairview bed, St. Clair County, Ala.

Percent of coel components
Translucent Opagque

Coal Sample Anthrazylon attritus attritus | Fusain
Fairview | Column sample from
MINE 4eevcansoanes 57.2 20.0 8.3 ks
Do. Coal core from
drill hole ....... £3.0 20.1 9.1 7.8
Do. Colwmn sample,
fusain-free basis. 67 23 10
o, Coal core, fusain-
free basis ....,.. 68 el 10

Studies were made of the petrographic composition of L0 coal samples from coal-
. preparation investigations for synthetic ligquid fuels research., The samples econ-
gigted of crushed coal of size range 1li- by 100-mesh, These samples represented
‘various specific gravity fractions from float at 1.25 sp. gr. to sink at 1.60 sp. gr.
Guantitative petrographic analyses of the various gravity fractions were made by

- particle identification and count using a low-power sterecscopic microscope and
;accessories. Table 2 shows the source of the coals and petrographic analysis of the
“ specific gravity fractions. Figure 7 shows by graph and table the petrographic com~
position of 16 specific-gravity fractions of Rock Springs No. 3-bed coal from the

" Sweetwater No. 2 mine, Sweetwater County, Wyo. All these analyses showed a common
characteristic in concentration of anthraxylon and bright stiritus in the 1ight-

; gravity fractions and concentration of dull attritus and fusaln in the heavy-gravity
. fractions. This suggests that gravity separation methods may be useful for obtain-
ing a coal product high in anthraxylon and translucent atiritus. These components
_of ceal are hydrogenated more sasily to ligquid fuels than are the opaque attritus

- and fusain,

A petrographiq study of meta-anthracite occurring in Newport and Providence
Counties, R. I., revealed a preponderance of extremely fine grained minerals iden-
: tified by X-ray anzlysis as consisting of large parts of guartz, mica, arnd chlorite.
“Mineral graphite, ksolinite, and dolomite also were noted. The minerals found iIn
. the meta~-anthracite are common to highly metamorphosed rocks and are a secondary in-

dication of the extreme metamorphism which has well-advanced the original coal mate-
-rial toward becoming a true graphitic rock, The high content of dispersed mineral
‘Matter strongly suggested that ash reduction by preparation methods would improve
the meta-anthracite very little, and it cculd be considered an extremely low guality
Puel at best.

QE—Toenges, Albert L,, Turnbull, Louis A,, Neale, Arthur, Schopf, J. M., Abernethy,
R. F., and Quinn, Alonzo, Investigation of Meta-Anthracite In Newport and
Providence Counties, R. I.; Petrography, Chemical Characteristlcs, and Geol-
ogy of Deposits: Bureau of Mines Rept. of Investigations L276, 1948, 37 pp.
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IABLE 2. - Analytic summary of petrographic compenents of

coal samples prepared in

connection with coal-preparation studies Ffor synthetic liquid fuels

Bamplel Specific-gravity Bright Duil Mineral T
No. fraction attritus|attritus matter| Source of cos]
1 |[F. 1.25, 5. 1.25, Indians No,
F. 1.3l ...... 5.5 9.2 9.1 - coal, Saxtaon
2 [8.1.31, F. 1.50 23.6 31.8 2h .0 - mine, Vigo
3 8. 150 ciiannn. 5.7 32.0 41,8 17.3 Cownty, Ind,
LTy, 1,25, 8. 1.55, Mannlngtoniiﬁﬁf
F. 1.33 ...... 58.9 12.8 10.1 - Willlams mine,
5 18.1.33, F. 1.50 13.2 23.7 £0.5 - Hopking COuntx
6 (8. 1.50 cuiveenns 6.7 16.5 67.7 7.5 Ky.
T |F. X1.27, S. 1.27, Rosebud coal,
Foo1.35 o..... 54.9 16.0 2,2 - Rosebud mine,
8 8. 1.35, F. 1.50 21.2 50.9 | 2k.6 - Rosebud County,
9 §8. 150 siiiinn. Ik,» 61.8 18.5 k.5 Mont.
10 [F. 1.25, 8. 1.25, Middle Kittan-
FooL3h L.l 539.0 6.4 1.k - ning coal,
11 [8. 1.34, 7, 1.50 52.8 11.2 20.1 - Castner mine,
12 [8. 150 ciaianen 2k, 1 21.3 38.6 5.7 Jefferson
County, Ohio
13 IF. 1.25, S. 1.25, Sunnyside coal,
Foo1.29 o..ess 66.0 2. - Sunnyside No. -
4 |8, 1.29, F. 1.50 51.1 39.7 - 1 mine, Carbon
15 [8. 1.30 ....... . 8.4 57.5 16.6 County, Utah .
16 |F. 1.25, S. 1.25, To. 5 Block coal,
F. .31 ..., 53.5 18.5 - Colcord No. 5
17 |8. 1.31, F. 1.50 28.9 Lo,z - mine, Raleigh
18 8. 1.50 viueren. 5.3 75.3 1.5 County, W. Va.
15 F. 1.29, 5. 1.29, Monarch ceal,
F. 1.31 ...... 577 6.5 - Sheridarn mine,
20 {8. 1.31, F. 1.50 32.6 17.5 - Sheridan
21 (8. 1.50 ceiannnn 6.7 18.% 6.7 County, Wyo.
22 |F. 1.29, 8. 1.29, Mammoth coal,
F. 1.31 ...... 6h.5 2.5 - Eikol mine,
23 8. 1.31, F, 1.37 63.9 9.3 - Lincoln County
2 B, 1.37 cvaeenas L5 10.4 81.7 Wyo.

Thin sections of the Beaver Hill coal bed in the Coos Bay coal field were exam-

ined microscoplcally and scme significant petrographic characteristics were found

26/

About 30 percemt of the coal consisted of anthraxylon bands wide enough to be dis-

tinguished with the unaided eye.
in no instance cxceeded 1 percent of the coal.

Fusain was not present, and total opague matter
Clay minerals and pyrite, finely

dispersed in the coal, were the principal ash-forming 1ngredients recognized with

the microscope,

16/ Toenges, Albert L., Dowd, James J., Turnbull, Louls A., Schopr, J. M,, CoopeT,
H. M,, Abernethy, R. F., Yancey, H, F., an d Geer, M, R., Minable Reserves,
end Washability Tests of Coal Cecurring

Petrography, Chemical Characteristics,
in the Coos Bay Cozl Field, Coos County, Oreg.:

TOT: 19]-@8, 56 PP.
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Heating-Value Loss During Air Drying of Coal

The standard method for analyzing coal specifies +that all wet coal be air-dried
before final preparation of the laboratory sample. As thsre has been some criticism
of the possible loss of heating value from exceasive air drying, a series of tegts
was made of coals of several ranks to evaluate the degree of oxidation, or loss of
heating velue, caused by alr-drying according to standard rractice, The results of
the investigationl?/ showed that:

The percentage of heating-value loss depends on the rank of coal, since changeg
in low-volatile bitumincus ceals were not detected, and high-volatile ¢ bituminous
and subbituminous B cozls were oxldized slightly, with resulting slight less in
heating value;

The heating-value loss due to 1 or 2 days' drying bevond the time when the air-
dry loss is less than 0.1 percent Per hour, is negligible;

The heating-value determination of low-renk coals shouid be made as guickly as
possible after collsction of samples.

Determination of Moisture in Cosl

A series of tests was made o ccompare the percentages of molsiture in ¢oal gb-
tained by the A. 8. 1. M. standard Procedure with thoss using the Brabender Semi-
autematic Moisture Tester, an instrument that has been used to determine rapidly
the moisture content of textiles, cellulose, feeds, foodstuffs, etc., The resultséﬁ/
showed that the moisture values for eoal cbtained with the Brabender apparatus are
within the permissible tolerances of those cobtained by the A. 8. T. M, Procedure,
except for anthracite. 'The drying rates by the A, S, P. M. end Brabender procedures
were similar, and it was found that the drying time for high-rank coals could he re-
duced for hoth procszdures,

) Since float-and-sink tests applied to bituminous coals give erratic results on
air-dried lignite, an investigation was made of the effect of moisture in the float-
" and-sink testing of lignite. Testsl®/ made on Forth Dakota lignite showed that (1)
-the yield of flcat material in a float-and-sink test is greatly influenced by the
Boisture content as tested; (2) air-dried lignite differs from bitwminous coal in
“that it cannot be restored to its original state by saturating with water; (3) sat-
Wating air-dried lignite with a gasoline-carbon tetrachloride mixture has no effect
o1 the results; (4) lignite coarser than li-mesh can be tested in organic solutiens
Without air-drying; and (5) order in which & sample 1s tested through a seriss of
Solutions is without effect on the results,

17; Cooper, H. M., Tarpley, E. C., and Abernethy, R, F,, Keating~Value Loss of Coal
on Air-Drying: Bureau of Mines Rept. of Investigations 4197, 1948, 6 pp.

lﬁ/ Cooper, H. M., Tarpley, E. C., and Abernethy, R. F., Determination of Moigture
in Coal with the Brabender Semiautomatic Tester: Bureau of Mines Rept. of

‘ Investigations 4304, 1948, 15 pp,

19/ cooper, H. M., Terpley, E. C., and Abernethy, R. F., Effects of Moisture on the
Floet-and-Sink Testing of Lignite: Bureau of Mines Rept., of Investigations
4184, 1947, 8 pp.
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