Using benzene as dispersing medivm, & test tube containing the correct volume
of a dispersion of the dust In liquid was shaken vigorously, then this was poured
into the cell Immedistely end covered instantly, After gtending about 5 minutes the
ir flow was sterted. If the proper flow rate had not been determined rreviously,
the particles were closely waiched while the flow was Increased gradnally. When any
i motion appeared the flow was decreased, The covras of the drying can be watched
through the glazs top. ILarge particles do not mave readlly, but great care must be
aken wlth the finer perticles,

With this instrument, nearly all of the dispersions made were gatisfactory,
‘Yhereag by former procedures, a geod dispersicn had o be chosed from many trials.
qually gocd results could be obtained by merely leaving the digh stand on a bench

ith the cover slightly reised, though more time was required for dryirng, If dis-
ersion is not good lmmediately on pouring the benzene-dust mixture into the dlsh,

the procedure must be repeated as it ls Impossible to improve the dispersion thereafter.

Particle-Size Measurement

The dish containing a representative ssmple of the partlicles, completely separated
and wnifornly distributed es deserited above, was placed wnder the microscope, a
ectengular gr1d in the eyeplece was superimposed on it, and tke sizes of all particles
ithin o specifled area were measwed, This was done by estimating the size of each
tlcle compared with the distance between the finer lines of the grid or, mors
ccurately, by means of a filer micrometer.

As dust perticles are usually irregulsr, any one of several dimenslons of the
srticle may be messured. Scme authoritics use the linear average dlameter, while

thers define average diemeler as that Tigure that represents the true volume, surface
64, or scme other velus of Interest. Scme use the length or width of the smallest
Ircumseribing rectangle or the diameter of the oircle heving the same area ag the
Jected imange of the perticle. Hewksley70/ describes many of these methods of size
surement, It appears tw be most common to measure the distance between the two

Inte on the particles that are farthest apart in o given horlzontal dirsction chosen
all measurements. This, obviously, may be any value from ke minimum to the

Imum v1sible dimenstion of tke ravticle, depending on how the particle 1s criented
1th respect to the grid, but when used on a largs mumber of partlcles the statistically
Zean visible dimension 1s obtained. It must be remembered, however, that there 13 g
wertical dimensicn that is not considered by this method. Experiments heve showm

is %o be the smallest dimension, af least for the larger size rangss in which such
et could »e made, so that the minimum visible dimension might be a better critsrion
f particle size,

To test the preceding theory, a semple of coarse coal dust was selcoted and
‘Particle glze analyses were made by boeth methods, A zcreen analyeis was calculated
PO cach result and compared with the true screen analysis as determined by cxperiment.
he results, giver in table 5, ®how that, for the total of all particle sizes below
200-mesh, the minimum visible dimension method gives hetter agreement with screen
fhalyses thet the conventlonal procedure, Unfortwmately, since particles less than
200-megh size are not emenable to conventlonal screen analysis, no proof is fwmighed
298t the minimum vieible dimension method 1s more relisble for finer particles mas well,
¥ should be noted that, regardless which method is used, a shape Ffactor cen be

Pplled in an attempt to obtain more correct volumes. A gimilar comparison of liguild
Sedimentation methods with screening im given by Webb.7l/

10/ 8ec footnote 63,

E/ See footnote 67.
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TABRIF 5, - Comparison of different methcds for particle-slize

meastramnent
Blze rancze Poreent by welghi
OB ORERE)
Below 10 mierons 0,90 0,64
Below 20 micreons bo7h 9.0G
Below L& microns (325-mesk) 20,99 L1,50
Below Th microns (200-mesh) 32,31 58,94 93,1

1/ Ry Igteral @rection mesgurement,
2/ DBy mInimm visible dimen slon method,
3/ 37 screen anslysis,

it ls dmportunt that the t'ield selscted for particle-size messirement contain
enough larger particlos to constitute a representetive sample, Such a fleléd, however
may contain sc meny smaller particlss {het their measuremend becomes tedious if a
large range of particle sizes ig 1o be determined, TIn guch casea, il was foumd
converlent and accurats to use & small part of the field and sometimes a higher power
ovjective lens, especially when measuring the smaller particles, An overlayp of siges
ig desirable 2z a check eon acouracy,

2

Fine particles, althougn congtituting a emall percentage of the dugt leaving
the gagifier, must be determined accurately since they ere difficuli 4o ramove and
constitute the bulk of the particles remaining aftor preliminary purification., Al-
though 1t wes essenticl to ohtain complete dispersion for these tests, It should be
pointed out thal for certain purposes, for examplc, studying the operation of Indugtria
dust=removing eiulment, it 13 more Trportant to dstermine the size 0¥ agglcmcrates
exlsting In the gas stream, which may be quite different from the ultimate particle
size obtained hy tho method discussed,

Certein optical methods applied dirccetly to the ges stream may be helpful In
particle glze meagurementa, although difficulties or Irterpretation occur, agegravated
by the complexity of the thsory of light scattering, Trhese problems ave dlgcussed in
detzil by Hawkslye .ZE_/ A gedimentation method wos Tound suitakle for certain TUrposes.
A small gagy stream sampled at isckinetlc velncity was passed for a few seconds through |
a norizontal gless tube about 2 inches in dlamecter with = microscope slide atitached
to the top inside, Tumediately after the flow was stopred the tube wag turned over
and allowed to stand mwmtil all partlcles had gettled, The slide was Lthen ramcved
from the glass tube, and the deposit on it was examined Ir a microscope with light
from above to determine the amowmt of agglomcration in the original gas gtreem, This
method assumes thal ne agglomeration ocours dumring settling,

From the results of the partlcle-size determination, it iz customary o calculate .
an average partlicie dlemeter, Ay stated previously, this average 1s aften defined es
the dlameter that represents the total number of particles in some way, for exsmple,
dizmeter of a particle having the aversgs surface area, volums, etc., therefore, it
ls not alwaye the average lineer dimmpetcr,

It is obvicus that twe dusts with the seme aversage diameter may be very different
1f one has u much greater variation in particle size then the cther. Thus, pome sort of

S—

72/ HBawksley, P.G.W,, The Physics of Partlcle Size Messurement: Pt. I, Optical
Metieds: Britlsh Coal Utilization Research Assoc. Monthly Bull, ) vol, 16,
e, &, April 1952, 5, 117,
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- Figure 18. - Residue from gos leaving atmospheric gasifier (No. 4).



Figure 19. - Typical slog particles.




Figure 20. - Interior of slag particle.




mathematical or graphical repreaentation of particle zize diglribution iz olfien
pecessary. This problem hes been dfscussed by Drﬂnker,ﬂ/ end the American Society
for Teating Materials hes esteblished stendards 74/

Microgeopic Fxamination

In addition to perticle-size determination, mieroscoplc exsmiration of the
gollde removed from tre gas stream may yield lmportant Information cn the exact con -
ditions to which they arc subjected *n {Le fagifier. Such Information is dIfficuls
40 obtain In other ways and may constitute ax mportant contribution +o the roblen
of gas production, The usuel type of wicroscape lighting from below zs foumd to be

slmost Uselsss fur this pirposc, Often 1t wag wnsatisfactory even for particle-gize
determination because of the aifficulty in distinguishing between a lerge particle

amd & cluster of amall particles, Vertical i3lumInstors swch as are used ‘n metal-
hwrglical microgcopes proved much better, but best rcsults were obieined by ueing un-
pelanced lighting from different sides a=d angles such ag iz common rractice In photo~
graphic wovrk, At higher powers the "Leitz Mimelux" or "Ultrapak” lighkting systom
miat be vsed to get this effect. The taue appearence of fthe particles could be deter-
‘nined more readily and swrface detail wtd much clearer when viewing dry dispersiong
‘rether than wet or sutmerged varticles, The rreviously described method for obtaining
fry dispersions was very helpful,

A smocth, colored background of medlim reflectivity wes foumd Lest for thesc
perticles. Gray wes preferablc when hlack end whilte chotographe were to be made,
Occasionelly, the substege wirror was used %o meke o background, but ita brightness
wag kept bclow that of the white-seh Particles und ahove that of the hlack-reosidue
particles, so that bLoth could be readily distingulghed from the background. Flgures
18, 19, and 20 are examples of this technigue, in flgwe 18, lue white mnfused gsh
s readily digtinguished from tke black carbonsceous particles of ropidue, and surface
texture is readily discernible even at fairly high powsrz., It may be readily scen
that such exemination might yield mach Information on conditione of temperature, ete,,
wevailing In the gasifier. the Ting formatiuns are often ceen in these residues.
Fgures 19 and 20 show iypleal slag {fused-ash) particles.

The apparent veriical dimensicn ig greatly exaggereted under the microscope, The
op end hottem of the particle seidom cem be brought nto focus ai the seme time, ac
that considerable interpretation is nccsssary to determine the True appearsnce of the
Particle by direct examination, especially when using higher powers. Teng-focus ob-
Jective lenses of low nimericen aperlure reduce thege diflicultiss snd should te used
Vheneve- possitle, Tn spite of their low resolving power, It is better to Incresssc the
POver of magnification by changing vculers, Menipulation of the particlce under the
microscope was found to be cxtremely advantagoous for determining thelir charecteristics.

It 1g diftionlt to delormine +he cheracteristics of svbmiercscoplc particles, bub

the electmen microgeope is helpful, ssnecially if replica or shadow techkniques srs used.

Petregrapghic Methods

Further information cu conditlons existing in the gralfier con be obtalned by
graphic and palcobotenlecal technigues, Thess methods allow the determination of
Hnery congtituents, from which fects on the true gasification tcumperaturs end mechanism
f solig varticle broakdown can be deduced, Petrographic technigues for identiticaticn

T Bmoppheric dust particlesT5/ have been published in recemt yemrs,

.' See work cited in Ffoolnolo 57, . i,
yow %

lean Soclety for Testing Materials, 1942, Dook of ASTM Stondsrds: T, 2, lopz,
5/ . b. 14lh; P4, 3, 1942, p, 1561.
Yoster, w, D,, =nd Schrenk, H, H,, Petrographic IdenliTication of Tust Particles:
5'932 Buresu of Mincs Rept. of Investigations 3360, 1938, 10 pp.
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