\The'high resolving power of the electron microscope was used to dster-
the size distributions and surface areas of very finely crushed coal
icles,2/ The results of this study should be of valuc in the improve-
of processes utilizing pulverizad coal, such as combusticn in boiler
ices, turbines or dlesel engines and hydrogenation to form synthetic
ine and oil, Large numbers of particles were measured on micrographs
eral coals and petrologic constituents, The weight percentages of
ticles In regular size groups were calculated from the cube of the linear
on measured, and the resulting distributions were plotted on special
paper of the type showm in figure 1, This paper was deviged on the
of the Résin-Rammler law of size distribution, which has been shown to
.40 coal particles large enough to be measured by sieving, The law can be
= lOOe_\i)L where R-is the. weight percent of sizes
Lo than x, and x and n are constants,.  If logarithms are teken twice,
pg log 100 = n log x-n. log X + log log e.. Thig. is the equation of a
‘ R Lo e e T o
line vhen log log 100 is plotted against log x. The scales in fig-
R LAy ’ . '
‘e proportional to those functions of R end x. .The suitability of °
ibution equation can then be judged by the nearmess of the experi-
ints to straight lines, The constant n in this equation, called i
ibution constant, is equal to the slope of the Jine, and the scales
elated that this is directly the tangent of the angle of the lire
axis of the abscissa, The absolute size constant, ¥, is equal to
a0 at which the line crosses the 56.79Lpércent ordinate, The value of
e coal sample shows the general ¥ange of sizes and n varies with uni-
T sizes, Smail values of ¥ and large values of n, such &g are found
tudy, indicate fine particles that are not much different in size,
illcreasing size, ¥ incrceses and n décreases, -Figure 1- shows distribu-
for a low-volatile bituminous coal from the Pocashontah. No, 3.bed
cginia, for a high-volatile A bituminous coal from the Ho. 5 Block
Yirginia, and for petrologic constitueng7 of the latter coal, . In
data from a study by Perrott and Kinney~/ with the optical micro-
9@ 8 gample of minus 200 mesh anthracite culm are plotted to show the
é% n of the law to larger subsieve sizes., The agreement of the points
Clil semple with straight lines leaves little doubt that the Rosine

‘applies quite closely to those fine zizes of coal.

tion for calculating the surface area of Tine coal sax@les.was

M the Rosin-Remmler law, The exact expression contains an infi-
Slon, put very good approximations can bs obtained from the

€7y Jo T., Determination .of the Size Distribution of Fino Cosl _
cles by the Flsctron Microscope: Burezu of Mines Rept, of Inves-
Wiong 3827, 1945, 11 pp. ‘ o - '
tt,jG,'St.'J., end Kimmey, S, P., The Meaning and Microscopic Mea-
tent oft Average Particle Size: Jour. Am, Ceoram. Soc., vol. 6, '
S Ppe h17-L43g, RIS - . .
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guired to rewveéal the. phﬂnom61a cledrly. = The method f applying the high .pre

_particles,. Fusain particles Trom e Tew coals showed similar gifferences;: alz
_lOW-VOlablle bituweinous coal reac*eﬁ like an anthracitic vitrain. The sig-

‘the eleciron microscope can help fo reveal. : Such differences may help to ex<

'Vacter with degree of plasticity 1nduced,by heat in the coking process.

'.'gul; B S~ 16

=y

Tollowing s;mDﬁ1;1eu formy. uif?yv :), vhere £ i1s the ﬁc a 08T Sran,
and 1 are wue’ KoFin-lamaier constante; e 18 the density, and [ - {(the GF
garme) is the-symbol forla gamma funétion that can be found in statist tica:
tables, The arkas of. the coal samnleo discussed were calcuiated by this
tion, and the resu1ts are given-in table 3. To show the suitability of ¢
equation, the'argds were a*so calculated.?ron the average pariicle- dlamet
d, using tne equau¢ n S “.C An approprlata shepe ;actor was applﬁe& toit
R S ‘='.'?J¢0§1_'“'_“-' I i 3
measured partacle dlmen91an {x)r to obtaln a, value of 4 su¢uable for use i
this form- oP~equatlom for. eregs Colums 5 and 6 of table 3 show the area,
obtained by tie two methods. Tt investigation-ghows that the complete
distribution and surface area of a gsample of powdered coal can be cbtaine
uging simple ‘sedimentation or elutriation methods to determine the welilght Peh
cent of particles gbove or.below two or thras: sizes,  The Rosin-Rarmler 1im
way be drawn frem thede deba. . : o - T

Flne coal ‘particles,- when oubgecued to ﬂlEﬂ pressures, shovw ‘tendencie
towerd plastic deformation. It appears that differences in the eifects of
these forces apylied td:parbicles of varlous renks of coal are of such sma,
magnitude that-the "hi i gh cresolving power of the electron microscope -is re-

sure, with!sim tanéous  obgervation of the seguence. cf e¢fects, invaolves pla
ing very finelparticles .of coal-under a cover glass. on a microscope slide,
obasrving thede under gn optical mMicroscope, and applying pressure on the:
Tlexible cover: glass with a strong needle., Tntermittent applicztion of pr g
sure attdined vy moving tae needle back and Fforth or with a rotary rmotion
required;. The coal Tarﬁlc es under pressure are séen 1O flatten and sprea
With some.types ofrecal, & plastic flow ensues, which continues until the
particle-bscones a thin traqslacenu filmy, Othe” coals, however, seen to Gl
integrste into’ ‘mach finer. particles, .anhd it is those that cafl best be siudio
in the electron mxcroscope. . This technique.was epplied-to particles of -

vitrain and fusain selected .from varions ranks of bituminous and authracite
coal, Flgure 2 shows’ e1eotron N“crogran 18 11llustrating the effect of high
.pressure on’ v1tra1n particles from a numbser of .coals, BSone evidence of pla
tic flow can:be seen in all of these, but the’ breates+ deformation occurs . int
the high-rank Dltumlnous and in the senlantnracﬂtﬂc coals. ~Coals of lower
rank behave in the sane general way buit {do not become as fluid. The anthra
citic and mete-anthracitic coals tend to disintegrate into extremely flnerl o

though the variations do not correlate regulerly, with rank of coal. Fusain
from one subbituminous cosl became. fairly fluid, ‘while that from ancther
bituminous coal behaved.iike vitrain from ﬂeta-anthra01te and fusain from &

‘nificance of fhese. differences. in the effects of pressure has not yet. been
theroughly analyzed.: However, it appears thal there are variations in the .
petrologic constituents, not realdily discernible by usual optlcal.means ‘tha

plain anomsiiss recently encountersd in atuenptc to correlate petrologic chal



Figure 2. - Electron micrographs of compressed particles of vitrain
from coals of various ranks: A, Subbituminous; B,
figh-volatile bituminous; ¢, low-volatile bitumi-
nous: D, semianthracite; E, anthracite; F, meta-
anthracite. 2100X.
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T.C. 7352

A catalyst used in the Fischer-Tropsch uJPEhPtIC llaulu—fLGW Proces
consisting of cobalt oxide as the active uireduced ‘catalyst, thQr¢u£ o
and magnesium oxide as promotors, and kiegelguhr as & carrle“, Vas - stud
by the electlcn,mlcfoscope. Cobalt oxide and several types of kieselg
were also studied. gure 3 is a micrograph of the mixed catalysu,' T
large distom with the ferular pattern of round holes is characteristic
kleselguhr, Its effectiveness as a cariiler 1s prebably the result or

 open structure, Vhich pe:mlts the Peactlné gases 1o penetrate freely Lo
actxve ingredients. The particles and aggregates seen on yhé mlcr05raph
range in size fram 5evoral microns down to 0,01 micron., Caleulations Frgy
the sffective surface ares of this caltalyst msasured by a nlnrogen-abs
method indicate that, if the material were composed of nc_poroxs parti
their everagce diameter would be C.C15 micron or about the gize of the ©
‘est particle shown on the micrograph. Apparently the larger nav%¢01es a
either aggregates of these very small ones or gre porous enoubh 50 that
grees can readily penctrate them., Since caloulations of surlace area Ir
electron micrographs depend on the visually apparent particle size, suc
meastrements obviously would not show the area effective in caualy21ng hE
Fischer-Tropsch synthesis. Measurements made on a number of m;crogxunhs o)
the cobalt oxide gave an area of L square meters per gram compared T 62
square meters per grem obtained by the nitrogen-absorption method,

Tests-of Miscellaneous_Materlals

In sddition to the 248 samples of cozl that were tested in connecti
with the survey of their coking propertles, 235 samples of miscellaneous
materials, submitted by various sections of tThe Bureau of Mines or by ot
authorized to have analyses made, were analyzed and reported during. the
The samples represented a wide variety of materials Prow,many gources, Th
teen boiler-water compounds and 30 boiler scales, sludges, or deposite w o
analyzed in comnection with work on boliler feea-wate condltlorlng to in
crease efficiency of boilers cnereted by the Govefnment Analyses of a?
ternal deposits from boiler and superheater tubes were msde in cornecti
with an investigation of the formation of external corrosive deposits. Fhos
pPhine was determined in acetyleng produced ;rom 18- samp;es of calC¢um.cafb'
as a part of an investigation of the cause .of explosions of acetyleae HENELE
tors in westerm shipyards., Chemical znalyses were made of 1k coal or ccke
ashes, and phosphorous wes determined in 15 samples of coal and coke. Sulﬁi
was determined in 17 samples of alcohol and water solutions used: 1n an inves
tigation of a method of estimating surface moisture in crushed clal, At the
request of the War Production Board, total iron was determined in the ash
12 nonthly composite samples of coke aseu in a Defense Plant Corpovaulan'
blast furnace at Cleveland, Chio. ‘Determinations of silicon and irom in8
samples of petroletm coke submltted by the War Dspeartment showed that the
cokes would meet specifications for making carbon electrodes for the alumi~
num industry. The remaining €l samples included rock-dusting mauerlals, i
waters, soot removers, fly ash from furnzces, spent 0il shale, residues fro
compresaorg in the coal !t ydrogenatlon plant, and catalysts used in the
Fischer=Tropsch’ Syﬂth“slu-

ohl




Figure 2. - Electron micrograph of cobalt oxide - magnes i um
oxide - thorjum oxide - kieselguhr catalyst for
Fischer ~-Trepsch synthetic tiquid-fue! process.
11, 300X,
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etermlnatlon of Surface Mo:.sture 1n Coal
= Sta.nd.ard. methoas i‘or d.e'termlnlng toual mo:.sture “in coal are time-
onsuming, and a knowledge of thid moistuire content is 1ess useful-than the
face-moisture content for control purposes: in- T,he coal ‘and’ coke- :Lnduetry. N
[o -moisture content of wet ‘coal 'is considered to consmt of two ‘compos -
ents, surface moisthre and internal moisture. Presumably, the term "inter--
moisture’ is synonymots with the inderent or bed moisture of coal satu=
d. with moisture but containing no surface water.* Surfaceé moisture rather
1 either bOt(..l oY bed.-moisture content control: prlmarll.y' SuCﬂ PhYSlCal

tory accuracy for most control problems by absorblng this moisture in a
poncentrated alcohol solution. 7/ The method 'is based upon the change in
ic gravity of alcochol caused by the absorption of. water, Surface waler
ves guickly in alcohol, whereas the internal moisture. is essentially
_ ~Usually 500 to-600 grams of coal, accurately weighed, and exact-
‘milliliters, of alcchol are used in contzct with each other for exactly |
x  Specific gravity resdings estimated to the fourth decimal place

‘the perticular alcohol used, or, if the alcohol is of kmown puridy, -
feuarcd: from accepted date in published literaturé. The water absorbed by
ol is calculated as fellows: . D

* Water from coal, grems = Vid; (Ai/-ﬂ‘f_' 3,), L "-'.f::-.-.
is the initial volume of alcohol, in milliliters; dy is the initial

oft the alcohol, in grems per milliliter, A; is the initial percentage
Teht Of alcohol ancl Ai is the final yercenuagc— by Welgh'b of alconol

Parts_cle gize of coal is not important as long as excessive a,mounts
fa_ne coal are not present The a,lcohol can._be used; uniil it contains
not been determined. Testing
_ “Yas develored eo thal;. tne gsurface-moisture determination can be
e%e in less than 15 minutes. Alcohols, -such as ethyl and isopropyl,
¥ than methyl for dii‘ferentiating between surfateé molsture and in-
stuf R N L ’ . . At W o oA .-

elatlons of the data ootalneo. for -Surface .uclsture by this- method. on
3 a8 crushed for coke=-oven charges with data for total moisture on ..
coals as dEtGmmd by ihe A,.S. T« M. standard nethod, which uses
ven ab 105° C. and a coa sample pass:m a Us 5. Sbandard Nos 60

5.La. Doy (1 Seymour, W., A Qaﬁld Nethod for Determining. Burtace -
ure in Coal: Bu‘eau of, Mlnes Rep_t. of . _nvestlgata.ons 5811 3_911»5,
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sileve, gave straight-line relationships. The total moigture in samn*es
~the same coel, but.of different moistiire contents, can be closely appros
nated by addition of a constant to the determined surfaﬁe moisture. T
congtant cex be determined once for all for a glven coal Trom the stra'
line relatloquhlp founa between surface molstutre an total moisture.,
l¢m1nafy studies of* lower-rank bituminous and svbbituminous coals hav
less constancy between the surfacé and total mpxsture contents, as de
by the two methods. In guch:coals the alcohol ex racts some of the int
or ped. xozutare and gives high results for sur;ace moisture. Research
gtudies are.being continued to enable a finer distinction to be dz rawn be
- surface and internal moisture, to dmprove: the technigue and pr EGlclon‘ui
eastern coals, and o extend appllcat101 cf the method tc lower-rank 9 1

Analyses of Ash 10ro:m Coals of* the Uhlted Staues

Ash comp05ﬁt10n is a fundanﬁntal propﬂwtf of coal w}¢ch etenmlnes i
clinkering and slagging cnaracierlstTGS when burned on gratss or in the -E0%
of powdered coal, - Compos1t¢0n of ash is also 1m@o*tanu ir: the selecti 1
coal for special purposes, such as cement menufactufe and uhe burning of
Tiner grades of .ceramic’ prodbcus. A comnllatlon_/ of ‘over .200 analees 1
coal “ash, 1nclud1ng meny- uSﬂ-qulbllltJ temperatures was made from Burean
Mines laboratory records to show the =sh composition of various coals of %]
United States. The. fepO*B indludes a digcussion of the nature and occurrene
of" ash~form1ng mineral matter incoal and the welatlonsths between -ash- gele
position and agh’ fu81blllty.' Cdmuon miheral constituents determlned 3
tine coal-ash analyses are glven., Coal ash from coals of the United i
varies widely in chemical’ COmpOSlthn but genela_ly comes within typicaXip
centage limits as foliows: SlllCa, 20 to H0; zlumimm oxide, 10 to *5; fe
‘ric oxide, 5 to 35; calcium oxide, 1 t0 20; magnesium oxide, Q.3 to ;. t
nium oxide, 0,5 to 2.5; sodium-and potassiwm oxides, 1 to L ‘and sulfur
trioxide, 0.1 to 12, o

Calorific Value of Coé,j:" I T R

The calorific value of coal Was dlscus ed with reference to de¢ihit
laboratory methods for its determination, formulag Tor calculatlng calor fig:
value from coal analyses, the constancy of cadlorific valne 6f coal i llmlteu
geographicnl areas, and ite use az & ba51s for ‘coal classlf¢cat¢on.4} ‘

th51cal P”GD&TE188 of Coal

The ham_ness_, s‘breng‘bﬁ, frla'bll_..'ty, and grindability of cog_'[_ and_ méthods]
of estimating these properties were reviewed, #nd the relationships BT d
ability of coal to., rank end pulverizer performance werc discussed, lO

8/ Selv1g, W, A., and Gibson, ¥, H., Analyses of Ash frqm Coals of the Un1~
States: Burcau of Mines Tech. Paper 079, 195, 20 Tn.
g/ Selv1g, W. A+, -and Gibson, F. H., Caliorific Value of Coal: Tiat.. Reseaxﬁh
“Council (H. H.-Lowry, ed.), Chamlstry of Coul U 1114aulon, New Ioﬁk, v
1, 1945, pp. L3a-14L . .
10/ Yancej, H. ¥, .and Geer, M. Ru, Hardness, Stfength and urlndaolllt Of;
Coal: Nat, Researcn Councll (E, H. Lowry, ed,)}, Chemistry of Cosl Util
zation, Hew York, vol. 1, 1945, pp. 1k5-159,
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