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Grain size analyzis with the siit arssderoscope.
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The search for an effective mcans o 2liminaie aimespheric dust from
various dust-prodacing worX progesses inclwies the dgmund oo nizaly
atcurate devices for the measurener’ of grein size and concentrziion of
dust particles. among e large pumber of zethouas (1), those permitting . .
direct measurement in the suspendea state without prior seperation proved
to be most feasible. These include several optical methods: .
1. Registration of scattered light imnulses exitted by cust particles -
during passage througs a light beam waich can then be classifiex
electronically into grain classes. The instruments are complicated ard
bulky (2j. 2. Grain size an:lysis by photometric evalmation ¢f extinction
measurements. Tnis meihod fails when the dust is not monodisperse (3). ;
3. Visual observation under the microscope., Due to the s:mll size of
Particles, darkfield illumiration is requirecd to comtrast the light dust
particies against 2 dark beckzround, cn wnich they may then be counted.
Since Just particles move under the rdcroscope, the field pust be fixed
photographically and the counv is mde later. firnagel {4) used tais
meidod to deterzdne the rate of drop of dust particles within the grain
range 0.3 - 100 microns. Richardson and Wooding (5) observe their material
iz a sedimentation chamber vertically to the line of drop, in waich
individual grain {rzctions appear in a straitified arrangement. Resuits
of measurcments confirmed the thecretical grain distribution in a particle
systea produced by gravity s=d Zrownian movemernt (6). The range of grain
sizes observed was 0.2 - 4 microns. In order to improve perception of
very smll particles, Saunders {7) proposed their emlargement through
adiabatic expansion in t&e Gust chember ard resultanv adsorption o
huddity. This prcduces new cifficuities due to coagulation aad the reed
of measurement of tha adsorted liquid. Zebel (8) describes a procedure
for viry smll particles in the range mear 0.1 microc: with whicha he
obtained close agreerent with measwreaents of thermal precipitation.

mrnaan  prons Noroisma—.

Grain size analysis of mine dunt involves the irvestigation of 2
relatively wide range of particie sizes and of mixtures of mterials :
with widely dissipdlar wights ard optical pmperiizs. It did rot seam i
feasible, therefore, to exumine rates of drop, since the ratas deviated ?
from each other by several decimil powers. Sedimentalior was therefore
used fc> separation according to grain size; observations were made in
the direciion of sedimentation. In this connection I weat to strecs the
fundamental difficuliy of sedimentation analysis (3). .
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The difficulties inherent in tie counting of dust particles on a
photographic plate are compounded by the circumstance that tie operator
sees not only the brightly illuminuted dust particles on thz level adjusted
by the objective lens, but also less distinct particles appearing as
blurred discs on the margins of the illuminated zone. The delirncation
of particles that are to be counted represents a priue difficulty in their
evaluation. The continucus iransition between particles in Iccus and out
of focus permits only subjective evaluation by the obsciv.r, sasulting in
erronsous counts. another difficultly is presentsd by vericlle lignt
intensities among larger and smaller particles. Diflferent mocnods used
in the development of exposed material will either cause particles of a
certain brightness and iagnitude to be still visible or no longer visible.

©  This means that the lower limit of analyzable grain size is influenced by

the technique used in the development of photographic material, and that
an adaitional source of error is introduced thereby. Basically we can
expect that grain sizes down to 0.2 microns in diameter will still be
demonsirable Yy the darkfield method. s rough computation shows thut
illumination with an arc lamp scattered according to Rayleigh's model
produces a light inmtensit;” which adequately blackens highly sensitive
filr. Computation accordir.g to Rayleigh's model seems justified, since
the scattered light values obtained theoretically and experimentally by
Senftleben and Benedict (9) in connection with coal particles do not
deviate appreciably from those expected of Rayleigh's method in the
angniar range around 90° (cf. also Wolfsohn's contribution, 10). The
caleulation has been carried out according to Pohl's (11) instructions.
The dielectric constant has beern equated with 4 after Migashita (12)

(cf. data on the index of refraction in 16). The starting values are

s-t at an electrical power input of 750 W and 1% electro-optical efficiency.
The illumdnated zon: has a diameter of about 0.5 x 6 mm vertically to the
direction of light. The microscope's objective has an aperture 4 = 0.18
at 6-fold magnification. Total magnification was 60-fold. Thus dust
particles with radius r = 0.1 micron produce a light intensity of about

2 «» 102 Lux on the exposed material, although light lost due to reflection
from glass surfaces or due to filters and limitations in the {ield of view
czn only be ostimated.

The sensitivity of the photozraphic material (Kedak Trix film) is
listed as 25/10° DIN (Cerman industrial standard). Under the present test
conditions and method of development it my be assumed to be 30/10° DIN.
Experimental variation of film brands and development technioue fuiled to
produce iigher sensitivity in the film. at a minimal exposure time of"
0.2 8, v. angerer (13) obtains a adnimal light intensity of 1.4 « 103 Iux
witn which to exceed the threshold value. Taus, in the first approxima-
tion, the grain size of.0.2 microns in diameter miy be considered the
smllezt grain size demonstrable with visible light. Using an interierometer,
v. Baeyer and Gerhardt (14) reacn the same conclusion; they also list
0.2 nmicrons and claim to have increased sensitivity to 5.053 microns with
the aid of ultraviolet light. Siedentopf and Zsigmondy (15) compute
6.4 millimicrons as the smllest visible particle diameter on the premise
that the specific intensity of rays diffracted by the particle equals
that of sunlignt, i.e., about 107 HK/h?. However, the authors themselves
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deem the achievement of such intensities of scattered lizat impossible.
For compurison, the present tests sroduced a scattered light intensity
of about 2.5 » 10~11l :atts per solid angle for a particle with radius
0.1 micron in the direction of sight. assuming a surface of shout
10~ p2, this corresponds to a luminous density of 5 « 109 HX/um2.
Horeover, the eye's limit of sensitivity must be considered far above
that of the most sensitive photograpnic ermlsions.

In characterizing tie problems ercountered in the photosraphy of
dust particles, it is to be noted thut iae intensity of scattered light
in the range of Hayleigh's dispersioca increases with the sixth power of
the particle radius. The m:rgins ol exposure of a photographic emlsion,
i.e., the interval between the threshold of velling and maximil density,
are only 1:10% (13), which means that in the presence of particles of
widely disparate size the minimal exposure time required for sm:ll particles
leads to marked over-expcsure in the case of large particlcs.

Coordination of pgrain sizes and sedimentation rates wes carried out
with Stokes! law in its original form without correction terms (3):

2 (8K~ 3L) %
9 Vi

Inclusion of Oseen's corraection seems unnecessary, since the range
of grain sizes perceived experimentally contained principally particles
less than 5 microns in diameter. Measurements of larger particles made
with the presernt instrument reveal relatively great instability for
technical reuasons, since the dust has not attained corplete steadiness
in tre chort period of 5 s between agitation and measurement. The
employment of Oseen's correction term consequently does not seem indi-
cated for this range. The table reproduced below lists radii of particles
which during sedimentation have traversed at least the vertical distance h
after time t. This means that only particles with a smaller radius than

listed in Table 1 are present in the sedimentation chamber above level h
at time t.

Table 1. Particle radius in microns at drop height h in c¢m and drop
tine t, 2 = /.3 3/cm3

U =

Drop height h (em) 0.25 0.39 0.6 0.93 1.29 1.6, 1.73
58 1.79 2.24 2.78 3.44 L.06 4.60 4.78

15 s 1.03 1.3 1.60 2.00 2.3, 2.64 2.76

20 s C.73 0.91 1.13 1., 1.66 1.87 1.96

1min 0.52 0.65 0.80 0.96 1.17 1.32 1.38

Drop time 2 min 0.36 0.4% 0.57 0.70 0.83 0.9, 0.97
3min 0.30 0.37 0.46 0.58 0.638 0.76 0.80

5min 0.23 0.29 0.36 0.45 0.52 0.59 0.62

10 min  0.16 0.20 0.25 0.31 0.37 0.42 O0.i4

15 zin 0.13 C.17 0.21 0.26 0.30 0.33 0.36

30 min 0.09 0.12 0.15 0.18 0.21 0.2, 0.25
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~ The instrument {Pig. 1) consists essentially of the Leitz slit
uwitramicroscups to whnich a semi-cylindrical sedimentation charier with
2 heigat cf 25 mm and 2 diciuwier of about 15 mm is attuched undernecath.

~ A horizomtal illuminating arrangement vrojects a narrow horizontal bzam

into the chamber. Microscopic observation is direetcd vertically from
above, in the direction of sedimentation, during which particlec falling
through the illuminated zone assume a light comtrast against the dark
background. The path of illumiration and observatica ccatiins facilities
for the polarization of lisht. 'The sedimentation eivinler 15 closed oll
in the direction of light entry and observuticn by thin, pline-parallel
glass plates and is equipped for aspiration of dust-laden air. The
photographic apparatus consists of a camera which permits supplemental,
visual observation of the field (mirror reflex camera). Since the
movement of dust particles in the field requires high shuttor speeds,
only highly sensitive films (Kodak Tri X, iAgfa Isopan Record) ere svitakle
for exposure. The light source consists of a lamp of high luminous
density, e.g., arc larwp, searchlight, zircon oxide lamp, or an electronic
flash. The test substance constitutes purest coal dust of known grain
composition. Fig. 2 offers a total view of the apparatus.

The count is generally taken directly from the photographi : negutive,
projected on a screen, if necessary. Various enlargements are .ade for
control purposes. Fig. 3 shows an example of 10-fold linear enlargement
of a photographic reproduction of the field.

Fig. 4 shows the compilation of a large number of test series.
Listed is the number of particles which are smller than a marginal grain
size obtained during sedimentation. The graph shows, especially in the
case of smaller grain sizes, that a considerable instability in measure-
ments results from statistical fluctuations in particle count and possible
errors in evaluation. A statistical evaluation by Neubauer of 19
independent measurements is shown by Table 2. The measured values are
differentiated graphically, permitting separation into grain classes
with identical class width.

Table 2 .
Class -~ X Sy X s Sth Sexp
e absolute % of 150 (!) % %
'
0 -0.5 15.2 8.36 10.1 5.55 2.46 4.96
005‘1.0 20.1& 8.71 1306 5.80 2-80 5008
1.0-1.5 19.7 5.52 13.1 3.68 2.75 244
1.5-2.0 7.1 4.00 1.4 2.66 2.59 0.61
200"2.5 150‘& l}cl&l 10.3 2.9L 2.‘}8 1058
2.5-300 1306 3077 901 2052 2.35 0.91
300‘3-5 1102 l{ulo 705 2073 2.15 1068
3.5=4.0 8.5 L.58 5.7 3.05 1.89 2.39
4.0-5.0 11.7 L.84 7.8 3.22 2.19 2.36
5.0-6.0 8.1 2.57 5.4 1.71 1.85 0
6-0‘7-0 5.‘& 2'3[& 3-6 - 1055 N 1052 0-30
7.0‘800 2-5 1.87 . 107 1025 1-06 0066
148.8 99:3 .
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tased on statistical principles,

N = :otal rumber of particles counted during ore set of measurements
(rore: 150),

standerd deviation suecd on test procedure and evalustion
according tov tho equation
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It is clearly evident, especially in the range of sm:ll grain sizes,
ta2ly, , adds considerably to the total standard deviation, a circumstance

attributable to the difficulties of evaluation already described. In the
range of lurger particles, on the other hand, total standard deviation is
due essentially to statistical fluctuations; the latter could be reduced
if the nurber N of counted dust particles were increased, but this would
in turn compound the difficulties of evaluation. lboreover, it is evident !
that only a determination of median veluves from a relatively large number
ol independent mezsurements would lead to tolerubly reliable information
about grain distribution.

A4 translation of measureaents into grain distribution according to {
weight percentages gave ro agreement with an andreasen analysis made of ,
ire same dust (Fig. 5). andreasen's analysis yielded a much firer grain !
Sistribution. The explanation therefor might be found in the fact that
dust is completely dispersed in Andreasen's sedimentation fluid. Elowing
of dust into the ultramicroscope'’s dust chamber does not guarantee complete
separation of all aggregates.

The following points are listed in conclusion:

i. Measurements with the siit ultramicroscope may be carried out
directiy at the site of dust inception, without prior sampiing.

2. Individual measurements take relatively little time.

3. The achievement of sufficlent precision requires evaluation of
« large number of measurements.
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4. Heasurements can be made only in conjunction with photographic
evaluation.

- 5. Photographic evaluation introduces new. -sources of error and
involves relatively large expenditures of tima.
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