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FOREWORD

I

factu
smal]

N November, 1954, a group of engineers from among the leading utilities and equipmént-ms

nu-

rers discussed the need of standardized methods and measuring equipment to determine the sizg of

| particulate matter such as is found in dust and smoke. It was suggested that the ASMit-Power 7]

Cod

and qther industries had problems on particle sizes and were interested in the development of such a

cade

PTG Committee No. 28 on the Measurement of Small Particulate Matter was organized in April, 1
and tharged with the development of a test code. The Committee has made,maximum use of the W
being done by other organizations in the field such as the American Society for Testing and Mater

and
T

ties

tus,

resistivity, surface area, loss on ignition, etc.
Committee was successful in obtaining the cooperation of the U.S. Public Health Service, Depart-
of Health, Education and Welfare, which made the faeilities of its Robert A, Taft Sanitary Enging¢er-

T
ment
ing (
sub-s
velog
Test

This Code was approved by the Power Test Codes Committee on April 27, 1964. It was approved

adop
Stand

July,

Committee undertake the preparation of such a test code, In addition to the utilities, the chem

e Air Pollution Control Association,

est
cal
est

55,

ork
als

Committee has attempted to establish test standards for the determination of all of those proper-

This includes such properties as terminal velocity distribution, particle size, bulk electr

lenter available, A research project was conducted to develop and prepare “standard samples’]
ieve-size material for calibration of those\nstruments used for the determination of term
ity distribution. These “standard samples’, will be made available for use in conjunction with

Code.

ed by the ASME Council as a standdrd practice of the Society by action of the Board on Codes
ards on September 15, 1964.

1965

bf fine particulate matter which are involved in the design and‘evaluation of dust separating appara-

cal
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SECTION 0, INTRODUCTION

0.1 This Code is intended to define the test “cinders,” but come under the general heading of
procedures to be used for the determination of dust. Smoke, as distinguished from dust, is the
those physical and chemical properties of dust result of incomplete or arrested combustion of the
which are involved in the design and evaluation of volatile constituents of fuels and usually consists
Dust Separating Apparatus. of particles having terminal velocities less than

0.1 inch per minute. Soot is composed of agglom-
erated smoke particles. The term “ily ash’ Isnot
used in this Code, although several of the-tegt
methods make reference to other standard) methods
developed for the testing of fly ash

2 is

per minute in air. The larger gas-borne particles
(having terminal velocities greater than 1000

inch¢s per minute) which are the product of com- 0.3 Unless otherwise specified, all refereces
bustion of solid fuel are usually referred to as to other codes refer to ASME/Rower Test Codes.

SECTION 1, OBJECT AND.SCOPE

191 The object of the test shall be to deter- in accordance with the Test Code for Determ]ning
mine| various physical and chemical properties of Dust Concentration in a Gas Stream (PTC 2741957).
dust{ This Code provides procedures for deter- It is recommended that samples should not bg ob-
minipg these properties and defines the terminology tained from a large bulk of material in a hopper,
to bq used in stating these properties. ~ silo, or from a similar location, If it is necegsary

to take samples from such a location due to the

1.02 Modifications of the test procedures con- design of the particular unit being tested, the

taindd in this Gode or the determination of special
data joutside the scope of this Code-shall be made
only [after written agreement of-allparties to the
test fegarding details of the-test, methods of com-
putation, and terminology te-be used in reporting
results — all of which shall be completely

samples shall be taken by such procedures a;
will insure their being representative of the
whole. In either case, the methods to be employed
shall be defined in a written agreement betwegn
all parties to the test.

desclibed in the tesbreport. 1.04 Should the specific directions given jn
this Code for any particular measurement differ
1.03 This Codeexcludes the methods to be from those given in other ASME Power Test (Jodes
emplpyed in obtaining the samples of dust to be for similar measurements, the instructions of |this
testdd. It shall be assumed that the samples of Cade shall prevail unless otherwise agreed by the
gas-boredust taken from a duct shall be taken parties to the test.
; 9
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SECTION 2, DESCRIPTION AND DEFINITION OF TERMS

2,01 This Code specifies the test procedures
to be employed in the determination of certain
physical and chemical properties of dust. These
properties and other terms used in connection with
their determination are defined by the following:

2.02 Terminal Velocity., The equilibrium ve-

2.07 Breakdown Voltage. The electrical po-
tential, expressed in volts per centimeter, which
will produce a change in the physical charac-
teristics of a dust sample accompanied by sudden
increase in current flow through the sample beyond
that occurring at a slightly lower potential. Un-

locity, expressed in inches per minute, associated
with a given particle when the drag force produced
by the particle freely falling through dry air at

68 H and 29.92 in. Hg abs is equal and opposite
to the force of gravity acting on the particle to

produce the motion.

2{03 Terminal Velocity Distribution. The
tabullar or graphical presentation of data showing
the per cent by weight of those particles in a dust
sample having terminal velocities less than
varipus indicated values.

204 Specific Gravity. The weight per unit
volume of a particle or a group of particles in a
dust sample relative to that of pure water at 4 C,
expressed as a decimal fraction, Only that
volume actually occupied by the particles is to
be cpnsidered, not the voids between the particles
as they rest together,

2,05 Sieve Analysis. The tabular or graphical
prespntation of data showing the per cent by
weight of those particles which are able to/pass
throggh the openings of various indicated sizes
of sfeves. Unless otherwise specified, sieve
numbers shall refer to the U.S. Standard Sieve
Serigs.

2.p6 Bulk Electrical Resistivity. The resist-

ance| to current flow, expressed in ohm-centimeters,
throggh a dust sample ‘contained in a cubic vol-
ume fone centimetef.on’ a side when exposed to an
electrical potential equivalent to 90 per cent of

the Hreakdowf voltage of the sample applied uni-~
formly acress'‘two opposite faces of the cube. Un-
less|otherwise specified, this property shall be
detetmined when the sample is in equilibrium with

1l

1T )

determined under the same conditions as those
for the determination of Bulk Electrical Registvity.
2,08 Moisture Content. The loss)in’weight pf a
dust sample, expressed in per cent, occurring
when the sample is dried in free air at a tempe

ture of 105 C.

'a =

fa
ring
era-

2.09 Loss on Ignition:” The loss in weight
.dried dust sample, expressed in per cent, occu
when the sample isignited in free air at a tem
ture of 800 C.

2,10 Water Soluble Content. The loss in we
of a dried dust sample, expressed in per cent,
occurring when the sample is elutriated with bqi
ing water at atmospheric pressure and then re-

dried,

ight

2.11 Water Soluble Sulfate Content, The su
fate content of a dried dust sample, expressed
per cent by weight, which can be removed from
the sample by elutriation with boiling water at
atmospheric pressure. Unless otherwise specifi
the sulfate content shall be calculated as sulf

acid (H,S0,).

2.12 Bulk Density. The density, expressed fin
pounds per cubic foot, of an uncompressed dust
sample,

2,13 Specific Surface. The surface area per
unit weight of a dust sample, expressed in squs
centimeters per gram.

2,14 Those abbreviations and symbols involyed

air at a temperature of 300 F' and at a humidity of
5 per cent by volume.

in the conduct of specific tests are defined in the
test instructions.

10
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SECTION 3, GUIDING PRINCIPLES

3.01 The tests to be conducted on a sample of
dust shall be those which furnish data regarding
the physical and chemical properties of the mate-
rial which are pertinent to the design and evalua-
tion of the performance of Dust Separating Appa-
ratus,

(f) Selection of the laboratory for making any tests
on the sample if equipment and trained person-
nel for conducting these tests are not available
to parties of the agreement

(g) Tolerances, if any, to be applied.

3.02 ltems on Which Agreement Shall be
Readhed. The parties to a series of tests on a
sample of dust shall reach agreement on the
follgwing items, and the agreement shall be in
writing:

3.03 Tolerances. This Code does not(spepify
tolerances to be applied to the test results. How-
ever, in the description of each test)the limifs of
accuracy of the test are stated as well as thd range
of results which shall be considered acceptable

(a) The physical and/or chemical properties to be when duplicate tests are petformed on differept
letermined by the tests specimens of the sample(/If multiple tests age to
. o be performed on a giyén-sample by a laboratofy,
(b) flhe tests to be 'employed in the determination the method of reporting the composite results|shall
pf these properties be established by« agreement of all parties cop-
(c) Details as to any modifications of the test cerned.
procedures
3.04 Reports. The report of tests on a sample
@) [Phe source of the sample of dyst.need only include those items relative to
(e) [The methods to be employed in obtaining the the tests upon which agreement has been rea¢hed

sample in cases of deviation from, or for
boints not covered by, Test Code for Deter-
mining Dust Concentration in a Gas Stream

PTC 27-1957)

plus the actual test results, However, full d¢tails
as to the conduct of the tests and the data taken

during the tests shall be made available to any
party to the agreement upon request.

11
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SECTION 4, TEST METHODS

4.01 The following test methods shall be em-
ployed to determine those physical and chemical
properties of dust defined in Section 2 of this
Code.

4,02 - METHOD FOR THE DETERMINATION
OF TERMINAL VELOCITY DISTRIBUTION

Turn off the nitrogen flow. Remove the cover
from the feed hopper. Estimate the quantity
of sample that has been fed into the classifier
and ascertain whether the feed rate is within
limits. See Note 5, If the adjustable slide
and the brush have been properly posmoned

b}lc fCCJ luLU Call LU au]ubl.cu l‘U lall.U CUIT Ct
Apparatus: value by means of the vibrator rheostat,
L s:im-nga-l Classifier, f:onformm'g to the de- 7. Replace the cover on the feed hopper. Start
ption in the Appendix, see Figs. 1 and 2, , .
the nitrogen supply. Turn onthe)vibratot and
2. [Chemical Balance. the brush motor. Adjust the-vibrator to optain
3. Pcoop, spatula, soft brush, large sheets of correct feed rate,
rlazed paper. 8. Continue operation until*the feed hopper |s
. . . empty. Switch off the’brush motor and thp
4. Pieve, 100 mesh (U.S. Sieve Size). Vibga};or. Turn_dff)the nitrogen flow. Swifch
Profedure: off the rotor motor and stop the rotor by gently
1. Dry the sample in a drying oven at a tempera- applying thé brake.
ure. of 105—-110. Cto constan.t weight. Co?l in a 9. Swing fhe-cover casing up out of the way
lesiccator. Welg'h out a portion of the dried Rembye the knurled locking ring. Raise {he
sample of approximately 10 grams. Record the .

. upper rotor assembly out of the lower secfion
weight to the nearest 0.01 gram as V. See and place it on a large sheet of clean glaged
Note 3. paper.

2. poreen ‘the welglfed sample l.:hrough the 100 10. Brush the adhering dust to the bottom of fhe
nesh sieve. Weigh the portion of the sample . .
. _ . ] catch basin. Detach the catch basin. Cdllect
bassing through the sieve. Record the weight the dust from the catch basin plus any thit
s Yo spills on the glazed paper and weigh. Refcord
3. Insert the largest throttle spacer, Throtsle 4, the weight as W, .
nder .t]?e grading member of the Contrifugal 11. Reassemble the catch basin and the uppef rotor
lassifier and secure, ; .
assembly and secure the knurled locking ting.
4, Transfer the portion of the sample weighed in Replace the throttle spacer with the next
tep 2 to the feed hopper. ‘Replace the hopper smaller size, Throttle B.
over and secure. 12. Transfer the sample weighed in Step 10 tq the
5. $tart the rotor motor.) When the rotor reaches feed hopper. Repeat Steps 5 through 10, fecord-
aximum speed; start the nitrogen flow. See ing the weight of sample as W,. See Note|5.
ote L%' Turi on the vibrator and brush motor. 138, Repeat Steps 5 through 12 for each of the|re-
he vibrater'may be controlled by the rheostat. maining throttles, using as feed the residye
6. After approximately five minutes of operation, " from the preceeding run. Record the weights
witeh off the brush motor and the vibrator, as W,, Wy, W., etc,

Calculations:

1. Calculate the Weight Per Cent Smaller Than Indicated Size corresponding to the Terminal Velocity
values for each throttle as follows, using the terminal velocity values obtained for each throttle during

calibration of the Centrifugal Classifier.

12
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DETERMINING THE PROPERTIES OF FINE PARTICULATE MATTER

F, = 100 (W, — W,) /W, and
Fb = 100 (Wo ot Wb)/Ws’ and
F, = 100(W, - W,)/W,, etc., where

Fa, Fb’ Fc, ete, =
Uz, U, ete.

Uu,U,U,ete. =

fraction of sample in weight per cent, having terminal velocities less than

Terminal Velocity values in inches per minute, assigned toThrottles 4, B,

C, etc.
W, =

s

W, =

o

W, W, W, etc.

weight of sample.

respectively.

The data obtained above should be plotted on loga-
thmic probability graph paper, the logarithm
jithe Terminal Velocity (in inches per minute)

rsus the Weight Per Cent Smaller Than Indi-
cated Size. A typical curve is shown in Fig. 3
h the Appendix.

=

e

Notes:

1.

3‘

5.

o —
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Brior to conducting any terminal velocity dis-
ttibution analyses in accordance with this

(ode, the Centrifugal Classifier shouldbe in-
a:alled and calibrated in accordance with the

ocedure described in the Appendix. The
alibration should be checked periodically by
testing a portion of material previously tested
thich has a known terminal velocity distribu-
jon,

-t

t
(lean the Centrifugal Classifiér thoroughly be-
fpre each test, making suré_that no films re-
ain which would causé dust particles to ad-
ere to the surface of\the apparatus.

articular care shoiild be taken to insure that

the 10 gram sample used in this test is re-
esentativé\of the gross sample in respect to
article gize,

he d@itrogen gas pressure should not exceed
ne-half inch of mercury as registered on the

weight of that portion of the sample passing through 100 mesh sieves

weights of sample remaining after fractionation using Throttles 4, B, C, etc,

proper feed rate had\béen obtained. A feled

13

rate of approximately 1 gram per minute
desirable. With higher feed rates, the s%ple
may not be properly deagglomerated. If guffi-

cient gross sample is available, the corrgct

feed rate’ can be established on a portion| of the

material prior to the actual test on the 1
sample. Otherwise the feed rate should be
determined by using a sample having simjilar
characteristics.

0o01 gl‘am.

gram

6. All weights should be recorded to the negrest

4,03 -~ METHOD FOR THE DETERMINATION

OF SPECIFIC GRAVITY

References:

1, ASTM Designation G 188-44, “Method of Te
for Specific Gravity of Hydraulic Cement.”

Apparatus and Reagents:

st

1. Le Chatelier Flask, conforming to the d{men-

sions shown in Fig. 11,

Funnel, long stem (a.p_p,m_x_ima_td_)d_S_O_m_n).

manometer. Higher pressures will tend to blow
the sample out of the cup section in the upper
rotor, This will contaminate the sample on the
stop ring. If this condition exists, it will be
indicated by a fine coating of material on the
lock ring.

The sample need not be inspected during the
subsequent runs (Steps 6 and 7) once the

Constant temperature Water Bath.

Chemical Balance.

Kerosene or Naphtha, water free, having a
specific gravity not lighter than 62 degrees
APL :

6. Thermometers, small spatula, and scoop.

172 Licensee=Purdue Unlver5|ty/592308200‘l
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14 ASME POWER TEST CODES

Procedure: Notes:

1. Using the long stem funnel, fill the flask with 1. The flask shall be immersed in a constant-
kerosene or naphtha to a point on the stem be- temperature water bath, maintained at about
tween the zero and the 1 ml mark. room temperature, for a sufficient interval

2. Immerse the flask in the constant temperature ssi(;fievm?,kl:gnzlthZ;:efrtil}?aie%dlznés_Sotliles tteo )
water bath maintained at or about room tempe~ eraturea 1? tlli)e ligr 1 in the fla&:,k ll\lil read-m
rature. Place the thermometer in the liquid in p 1 o e u1 1 i nt
ittetliaz:x.new::llht:teotfeltl;ief)zttl}llrer:n:)}ii ltl}?:ld to ensure that the contents of the flask lraye

? ;
thermometer and determine the volume of the reached the ter}aplerali:ure of th? watfr b}?th' Be
lquid. Record the volume as V.. See Note 1 extremely careiul when removing the“thermp-
qme L ) meter from the flask prior to reading the liguid

3. Dry approximately 100 grams of the sample in volume, A loss of as little as,two drops
q drying oven at a temperature of 105—110 C. liquid will induce an error in the calculated
(ool in a desiccator. Weigh out a portion of specific gravity of the order of 0,01 unit.

;16 dr(lied s'ar}rlxple o;/approxmately 50 grams. 2. If, after sample addition, the liquid level is
ecord weight as V. higher or lower than the graduated center

4. Introduce the dried sample (which should be at portion of the'flask, a smaller or larger pogtion
rpom temperature) into the flask with a small of sample must be used.

. atula or scoop. Take care to avoid splash- 3. It is advigable to use a rubber pad on the fable
ing and see that the sample does not adhere to ton.when filline or rolling the flask
the inside of the flask above the liquid. Add P & & )
mple in small increments to prevent trapping
ir bubbles in the liquid-sample mixture. If 4.04 - METHOD FOR THE DETERMINATION
the proper amount of.sample has been added, OF SIEVE ANALYSIS
the level of liquid will be between the 18 and
the 24 ml marks. See Note 2, References:
5. Hlace the stopper in the flask and roll the flask L. ASTM .Designation E 11-60T, “Tentative
an inclined position to free entrapped(air from Spe01f1,cations for Sleve§ for Testing Pur-
the mixture. Continue until no air bibbles rise poses.”
t the surface. See Note 3. Apparatus:

6. Immerse the flask in the constant temperature 1, Sieves, U.S. Standard Series, 8 inches in
water bath and insert the thermometer. When diameter, conforming to Ref. 1, 60 mesh, 100
the liquid in the flask islat the same tempera- mesh, 200 mesh, and 325 mesh.
tyre as that of the bath, remove the thermometer
apd determine the volume of the liquid. Record 2. Balance, having a capacity of at least 50
the volume as ¥, grams and a sensitivity of 0.05 grams.

3. Brush, % in. to % in. wide, with soft bristl¢s.
| Calcplations: 4. Glazed paper.

1. Caleulate the Specific Gravity to the nearest Procedure:

fottows: I, Weigh out a 50U gram portion oi the sample to
the nearest 0,1 gram. Record weight as W_.
Specific Gravity = W,/AV h
pecific Gravity = I,/ Pr,0 » Where 2. Place sample on the 60 mesh sieve, with the
P

Vs = weight of sample, in grams
AV = V,~V, = displaced volume, in ml

= density of water, in grams/m!

Pro
H2 at4C=1.00.

pan attached, and attach cover. Hold the sieve
in one hand in a slightly inclined position so
that the sample will be well distributed over
the sieve, at the same time gently striking the
side about 150 times per minute against the
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DETERMINING THE PROPERTIES OF FINE PARTICULATE MATTER 15
palm of the other hand on the upstroke. Turn under side. Add the material thus removed from
the sieve every 25 strokes about one sixth of the wire cloth to the residue removed from the
a revolution in the same direction, Continue sieve.

the operation until not more than 0.05 grams of
sample pass through the sieve in one minute of
continuous sieving. Each time, before weigh-

ing the material passing through the sieve, tap

4, Weigh the portion of the sample retained on the
sieve to the nearest 0.1 gram., Record weight
as W,.

the side of the sieve with the brush handle in c D1 .
ofder to remove any material adhering to the T
wiire cloth.

3. When the sievinghas been finished, remove the of the selected sieves in the order of decreasing
cpver of the sieve and carefully remove the size of opening, and recording the weight|of
rgsidue remaining on the sieve to a tared con- that.portion of the sample rétained on eac
tginer, Invert the sieve over a piece of glazed sieve. Use the appropriate.subscripts — [yq, ,
piper and clean the wire cloth by brushing the W00 » €tC.

Calqulations:

1. Qalculate Screen Analysis, in weight per cent smaller than indicated mesh size, to the nearest 0.5 per
gent as follows:

Weight per cent smaller than 60 mesh = 100 (W, W,,) /W,

Weight per cent smaller than 100 mesh = 100.(W, — Wy, — Wy00) / W,

Weight per cent smaller than 200 mesh =100 (W, — W,o — W00 — Wy00) / W,

100 (W — Weo — Wioo — Waoo — Waas) / W,

i

|

Weight per cent smaller than 325 mesh

Nof 5. By mutual agreement of all parties conceined,

1, The dust sample should be pre-dried for-one other mesh size .sieves may be used, (%a culate
hbur in a drying oven at a temperatute’of 105— the test. results in .the same manner, using the
110 C. Cool sample in desiceatdr to room ap}?roprxate subscrlpts.w'hen I‘eCOI‘dang' the
t¢mperature prior to performingthe above test we ight of sample remaining on each sieve,
pfocedures. 6. See Table 4 in the Appendix for specificqtions

9. Washers, slugs, or shot-shall not be used on of U.S, Standard Series Sieves. This table is

. reproduced from Ref. 1,
the sieves,

8. Mechanical sieving'devices may be used by

utual consent)of all parties concerned. When 4.05 — METHOD FOR THE DETERMINATION

these deviees are used, their thoroughness of
sfeving shall be tested by using the hand method OF BULK ELECTRICAL RESISTIVITY

for comparison. If such a device is used it
should be so stated in the report of the test
results. I. Air Pollution Contro] Association, = Approved
Standard Method for the Determination of Bulk
Electrical Resistivity of Dry Particulates,”

References:

4, When the quantity of sample available for
analysis is limited, the test may be conducted
using smaller diameter sieves by mutual consent Apparatus:
of'all pa'rties conf:erned. When using the smal.ler 1. High-Voltage Conductivity Cell. See Note 2.
5 inch diameter sieves, a 20 gram sample portion
should be used instead of the 50 gram stated 2. Electric Oven, temperature and humidity con-
above, trolled. See Note 3,
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16 ASME POWER TEST CODES

Procedure:

Bulk Electrical Resistivity,
Exd-

1. Place the sample in the cup of the conductivity in ohm-cm = T where
cell by means of a spatula, Level by drawing a %
straight edge blade, held vertically, across the E = voltage applied to conductivity cell
top of the cup. See Note 4. (85 —-95% of Vy), in volts.

2. Gently lower the disk electrode onto the sur- I = current corresponding to voltage E, in
face of the sample. It should rest freely on the amperes.

;‘aihlple surfe.ice without binding in its. support. A = cross-sectign area of disk electréde], in
e guard ring may be attached physically to :

the movable disk electrode by means of suitable square centimeters.

high temperature insulators, e.g., mica, silica, L = thickness of sample layerBetween

or|alumina, or it may be mounted and guided electrode, in centimeters,

separately. See Note 5. Vp = average of Vg_,, Vaons Vg,

3. Rdsistivity measurements shall be madeat a etc. = breakdown veltage, in volts,
temperature of 300 F and a humidity of 5 per
cept by volume unless otherwise specified. 2. The value of the-bréakdown voltage shoulld be
Sep Note 6. Mount the conductivity cell in the reported alongiwith the value of the Bulk
el¢ctric oven and establish the equilibrium Electrical Resistivity.
teqperature and humidity. Notes:

4. Inmaking a measurement, the voltage ?pplied 1. This“method is applicable only for dust samples
tothe cell should be raised from zero in a which have a bulk electrical resistivity ip
sefies of small steps and the current through excess of 1 x 107 ohm-cm.
the sample layer observed for each voltage step _
up|to the point of electrical breakdown of the 2. The electrical resistivity of the sample shall
safuple layer. Before making the actual resis- be determined by means of a high-voltage| con-
tiviity measurement the breakdown voltage of the ductivity cell having the basic dimensions
saple should be determined by at least three shown in Fig. 7 in the Appendix. An accpptable
obgervational runs in which the voltage is method of constriction is shown in Fig. §, The
railsed gradually to the breakdown point:The electrical circuit for the determination of|the
saple layer should be remixed and releveled resistivity is shown in Fig. 9.
after each run in order to break up ‘any spark 3. For measurements at elevated temperatur¢s and
channels that may ha\'/e been forced thr?ugh the controlled humidity, the conductivity cell|is
sapple layer. An entu:ely I sample is mounted in an electric oven with thermostjatic
preferred for each run if passible. Record the temperature control and good thermal insujlation
brgakdown voltages as-¥g_1, VB2, V53 to maintain uniform internal temperature.
etd. Calculate the dverage breakdown voltage, Humidity may be controlled by any one of
Vs several conventional means, including cin-

5, Determine the'resistivity of the sample in the “culation of pre-conditioned gas through the
ranlge of 85.£0°95 per cent of the average break- oven, injection of a controlled amount of $team,
down voltage. Since the voltage-current charac- temperature controlled circulating water buth,
ter]stics’of most samples will be non-linear, the or by certain chemical solutions which coptrol

: e] NOr_pre : o provide intimate contdct

restistivity-shat-be—cealenlated a0 ot
ence values of voltage and current. Record the
voltage and current readings as E; and I, E, and
I, etc,

Calculations:

1.

Calculate the Bulk Electrical Resistivity to
three significant figures as follows:

between the humidified gas and the dust sample
in the conductivity cell it is desirable to cir-
culate the humidified gas directly through the
dust layer, This should be done by using
sintered stainless steel electrodes of 25
micron porosity. An acceptable method for
humidity control and measurement is shown in
Fig. 10 in the Appendix.

B o migaiTE TR SRR ‘\ ————
.- p B
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DETERMINING THE PROPERTIES OF FINE PARTICULATE MATTER 17

4, It will be noted that this method of filling may
introduce slight variations in the packing of
the sample in the cup. However, tests indi-,
cate that this effect is relatively small for the
large majority of dust samples encountered in
practice,

5. In general the latter arrangement is to be
1 A v a ct—a gap
between the guard ring and the movable disk
ellectrode with no possibility of current leakage
hetween the two. The annular spacing of
approximately %, inch between the guard ring
and the movable disk electrode .is ample
provided the mechanical supports or guide
eans are accurately made. The details for
alccomplishing this are not shown as this is a
atter of convenience in mechanical design
rather than a fundamental factor.

6. The conditions for equilibrium of temperature
and moisture content of the sample with that of
the temperature and humidity controlled atmo-
sphere in contact with it shall be determined
by the requirement that resistivity measure-

ents be reproducible within 10 per cent when
determined by two successive measurements

ade 15 minutes apart, Further, since the
particle conductivity usually depends on the
past treatment of the particle as well as the
temperature and humidity equilibrium reached

der given conditions, it is preferableto
determine the resistivity by raising the oven
temperature to the value desired'rather than by
first overheating the oven and then cooling it
tp the desired temperature!

4.06 - METHOD FOR.THE DETERMINATION
OF MOISTURE CONTENT

Refdrences:

1. ASTM Designation C 311-57T, “Methods of
Jampling and Testing Fly Ash for Use as an
Admixture in Portland Cement.”

4, Combustion Crucibles with Covers. See Note

2,
5. Crucible Tongs and Spatula.
Procedure:

1. Dry the empty crucible and cover in the drying
oven at a temperature of 105-110 C. Cool
reth ad va’ in d $ ato or-30
minutes and weigh to the nearest 0.001 gram.
Record weight as W,.

2. Using the spatula, place approximately 1 gram
of the sample into the crucibles Cover the
crucible quickly and weigh-at once. Redord
weight as W,.

3. Remove cover and quickly place the crudible
into the preheatéd,drying oven. Retum the
cover to the desiccator. Close the ovenlat
once and heat the sample for 1 hour at a[tem-
perature’of 105—-110 C. Open the oven apd
quickly.cover the crucible. Cool the covered
crircible and its contents in the desiccatpr for
30 minutes and then weigh. Record weight as
Ws.

Calculations:

1. Calculate the Moisture Content to the neprest
0.1 per cent as follows:

W

Moisture Content, in % = x 100, wHere

s
W, = W, — W, = weight loss in drying,
in grams.
W, = W, — W, = weight of sample, in grams.

Notes:

1. Drying oven should be designed to mainfain a
temperature of 105—-110 C. Natural or fqrced
convection of clean, dry air must be proyided
to remove moisture from samples drying fn the
oven,

2. Combustion crucibles having a large surface

2, ASTM Besignation PD-271-48“Meothods—of
Laboratory Sampling and Analysis of Coal
and Coke.”

Apparatus:
1, Drying Oven, See Note 1,
2. Desiccator.

3. Chemical Balance.

area on base and a capacity of 10 to 30 ml,
with matching aluminum covers, should be
used. Crucibles and crucible covers which
comply with ASTM Designation D 271-48 are
suitable,

3. Make sure, by proper mixing, that the sample
used in this test is representative of the gross
sample,

f—« = ~
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18 ASME POWER TEST CODES
4,07 — METHOD FOR THE DETERMINATION Calculations:
OF LOSS ON IGNITION 1. Calculate the Loss on Ignition to the nearest
References: 0.1 per cent as follows: v
1. ASTM Designation G 311-57T, “Methods of Loss on Ignition, in % Y 100, where
Sampling and Testing Fly Ash for Use as an s

Admixture in Portland Cement.” .
Wy, = W, — W, = weight loss on ignition,

9. ASTM Designation D 27148, “Methods of

in-gramss
ésllc)zx::tory Sampling and Analysis of Coal and W, = W, — W, = weight of sample, i gral‘ns.
3, ASTM Designation C 114-53, “Standard Methods Notes:
of Chemical Analysis of Portland Cement.” 1. Combustion crucibles having a large surface
area on base and a capacity-of 10 to 30 nl,
A ) with matching aluminum ¢overs, should bg
ppqratus: used. Crucibles and{¢rucible covers whigh
1. Drying Oven. comply with ASTM-Designation D 271-48 fre
suitable.

2. Desiccator,
5 cal Bal 2. Make sure, by ‘proper mixing, that the sample
- remical balance. usedin this test is representative of the gross
4, Clombustion Crucibles with Covers. See Note sample.
1 3. Théterm “constant weight” for the 5 grams of

dried sample denotes a loss in weight of less
. than 5 milligrams per hour. For the crucible
Crucible Tongs and Spatula. and the 1 gram dried and/or ashed sample| the

term “constant weight” denotes a loss in|

5. ffle FFurnace,
6.

Proc¢dure: weight of less than 1 milligram per hour.
, i ly 5 f th 1

1 gzsi‘gfi"fv‘e":;‘: i tﬁajﬂ;zg o:eiaipaet;;- 4.08 - METHOD FOR THE DETERMINATION
pgrature of 105—-110 C. Store the dried sample OF WATER SOLUBLE CONTENT
in| the desiccator. Reference:

2. Ignite the empty crucible to constant weight in 1. Air Pollution Control Association “Approyed
thie maffle furnace at a temperature of 800 +50 C. Standard Method for the Determination of Water
Cpol crucible in the desiechtor. Place cover on Soluble Content of Fly Ash.”

thle crucible and weigh\to the nearest 0.001

grm. Record weightds W,. Apparatus and Reagents:

3. Using the spatula, place approximately 1 gram Chemical Balance.
of| the driedvsample into the crucible. Cover
thp crucible/quickly and weigh at once. Record
weightas W,.

1.

2, Desiccator,

3. Beaker, 400 ml.
4, Wash Bottle,
5.
6.
7.

4, Rémove the cover and P]nnp the uncovered
crucible and its contents into the preheated
muffle furnace, Return the cover to the
desiccator. Ignite the uncovered crucible and
its contents, with free access for air, to
constant weight at a temperature of 800 £50C.

Gooch Crucible, with asbestos mat.
Vacuum Flask,
Graduated Cylinder, 250 ml,

Remove the crucible and cool in the desiccator. Procedure:
Cover with the crucible cover and weigh. 1. Dry approximately 5 grams of the sample in a
Record weight as W,. drying oven at a temperature of 105110 C for
_/\7 B
TR -
- T
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DETERMINING THE PROPERTIES OF FINE PARTICULATE MATTER 19

one hour, Cool and store the dried sample in
a desiccator,

2. Weigh out a 1,0 gram portion of the dried
sample. Record the weight to the nearest
0.001 gram as W,, Using a wash bottle with a
fine stream of water, carefully wet and transfer
the sample to a 400 ml beaker. Increase the

Standard Method for the Determination of Water
Soluble Sulfate Content of Fly Ash.”

Apparatus and Reagents:
1. Hydrochloric Acid, Concentrated, Reagent
Grade.

2. Barium Chloride Solution, 100 grams per liter.’

olume of water to approximately 125 ml.

3, Boil gently for 15 minutes, Remove from heat
nd wash down the cover glass and the walls
{ the beaker with hot water,

4. Using a vacuum, filter through a predried,
eighed Gooch crucible containing an asbestos
at, Catch the filtrate in a clean, properly

rapped vacuum flask. Carefully police

1l particles from the beaker and wash the
eaker and crucible well with hot water.
ecord the crucible weight before filtration

Wye

5. Pry the crucible in an oven at 105-110 G for
~ “¢ne hour, Cool in desiccator and weigh rapid-
y. Record weight as W,

Calkulations:

1. Calculate the Water Soluble Content to the
hearest 0,1 per cent as follows:

14
Water Soluble Content, in % = |} - —R-] x 100,

Ly
where

Vg = W, — W, = weight of insoluble portion of
sample,)in grams.

W, = W, = weight of sample, in grams.

his method-can be combined with that for the
etermination of Water Soluble Sulfate Content.
arrysout the procedure for that method, follow-
ng the instructions in the Notes for combining

omethods

10, Pipettes, 3'ml and 10 ml,
11, Thernfometer.

12. Gooch Crucible, with asbestos mat.

3, Chemical Balance.

4. Desiccator.

5. Beakers, 400 ml.

6. Wash Bottle.

7. Buchner Funnel and Vatuum Flask.
8. Filter Paper, Whatman No. 42 or equivalent.
9, Graduated Cylinder, 250 ml.

Procedure:

1. Dry approximately 5 grams of the sampl¢ in a
drying oven at a temperature of 105-11(Q G for
one hour, Cool and store the dried sample in a
desiccator.

2. Weigh out a 1,0 gram portion of the dried sam-
ple. Using a wash bottle with a fine stfeam of
water, carefully wet and transfer the sample to
a 400 ml beaker. Increase the volume of water
to approximately 125 ml. Record the sapple
weight to the nearest 0,001 gram as F,.

3. Boil gently for 15 minutes. Remove from the
heat and wash down the cover glass and walls
of the beaker with hot water,

4, Using a vacuum, filter through a Buchnqgr funnel
containing a fine grade of filter paper. [Catch
the filtrate in a clean, properly trapped vacuum
flask. Wash the beaker and the funnel well with
hot water from wash bottle. Discard redidue,

2. All water used in this method shall be either
distilled or demineralized.

4,09 - METHOD FOR THE DETERMINATION
OF WATER SOLUBLE SULFATE CONTENT

Reference:

1. Air Pollution Control Association, “Approved

e

vee lNote 1.

5. Transfer filtrate to a 400 ml beaker. Add 3 ml
of concentrated Hydrochloric Acid, Increase
the volume to approximately 250 ml with water
and bring to a gentle boil.

6. Remove from the heat and, while stirring

vigorously, slowly add 10 ml of Barium Chloride
Solution, Allow Beaker to set for at least two
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hours, with periodic stirring, at a temperature

of 50-70 C.

7. Filter through a fine grade of filter paper or
through a pre-ignited weighed Gooch crucible,
Police the beaker well as the Barium Sulfate
precipitate tends to adhere to the walls and
bottom of the beaker. Wash well with hot

Apparatus:

1.

Scott Volumeter, constructed in accordance

with Ref. 1. See Fig. 13,

Balance, having a capacity of at least 100
grams and a sensitivity of 0,1 grams.

Spatula, flat, with a % inch wide blade.

Fid
s nquan

ity of precipitate is small 4, Graduated Cylinder, 25 to 50 ml capacity}
8. Dry and ignite the Gooch crucible over a
unsen burner or in a muffle furnace for one- Procedure:
alf hour. If a filter paper is used, the paper -
houldbe charred carefully and ignited with 1. Assemble the test apparapus as shown in|Fig.
ee access of air. Cool in a desiccator and 13. )
eigh. Record weight of Gooch crucible (or 2. Measure out a portion/of the sample apprqxi-
re-ignited standard crucible if filter paper is mately 20 to 25 mINin volume. Pour this test
sed) before filtration as W,. Record weight specimen carefully into the funnel and pefmit
fter filtration and ignition as W.. the material to run into the density cup oply
Caldulations: until it completely fills and overflows th
: periph€ry, of the cup. Then rotate the funpel
1. (alculate the Water Soluble Sulfate Content to and baffle box approximately 90 degrees in a
e nearest 0.1 per cent as follows: horizontal plane to obtain access to the tpp of
Water Soluble Sulfate Content as the density cup.
Wp 3. Remove the excess material by passing a
H,S0,, in % = 42 x— , where spatula blade parallel to, and in contact With,
Ws the top of the cup. Move the spatula smopthly
Wp = W, — W, = weight of Barium Sulfate along a diagonal of the cup and back again
precipitate, in grams. until all excess sample has been removed
W, = W, = weight of sampl;, in grams; Where there is insufficient sample left for the
first reverse pass to smooth out the surfage
Notes: completely, the material on the spatula sHould
1. This method can be combined with that for the %)e 'gently replaced on top of the cup first. It
termination of Water Soluble Content. In 1s m}portant that the spat‘ula be kep‘t leve] at
ep 4 of the Procedure ise a pre-dried, all times to prevent packing or pulling ouf of
eighed Gooch crucible/containing an asbestos the sample.
at. Then, using this crucible, proceed “_'ith 4. After the leveling operation, tap the side pf
ep 5 of the Procedure for the determination the density cup lightly to settle the samplg to
f the Water Soluble Content. avoid spilling in transfer, Transfer the sgmple
2. All waterdised in this method shall be either to the balance and.weigh to the nearest 0.1
istilled or demineralized. grams. Record weight as W,.
4.10 - METHOD FOR THE DETERMINATION Calculations:
OF BULK DENSITY 1. Calculate the Bulk Density to the nearest lb/ft*

Reference:

1. ASTM Designation B 329-58T, “Tentative
Method of Test for Apparent Density of
Refractory Metals and Compounds by the
Scott Volumeter.” :

as follows:

Bulk Density, in pounds per cubic
foot = W, x 3.81, where

W, = weight in grams of 1 cubic inch of un-
compacted sample,

N
Y
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Notes:

1. The dust sample should be predried for one
hour in a drying oven at a temperature of 105—
110 C. Cool sample in desiccator to room
temperature prior to performing the above test
procedure.

Procedure: Determination of sample porosity in
cell —

1., Cut two filter disks andplace in bottom of cell on
perforated brass disk. They must lie flat and
be free from wrinkles,

2. Insert cell in rubber cell holder and place with-
in the Petri dish, Fill cell to overflowing with

411 - METHOD FOR THE DETERMINATION
OF SPECIFIC SURFACE

Reference:

1, |ASTM Designation C 204-55, “Standard
Method of Test for Fineness of Portland
Cement by Air Permeability Apparatus.”

Apparatus and Reagents:

1. [Blaine Air Permeability Apparatus, constructed
in accordance with Ref. 1, See Fig. 12,

2. |Manometer Fluid. A nonvolatile, nonhygro-
scopic liquid of low viscosity and density,
such as dibutylphthalate or a light grade of
mineral oil.

3. |Filter Paper, such as Whatman No. 40, cor-
responding to Type 1, Grade B, as prescribed
in Federal Specifications for Paper; Filtering

(UU-P-236)
4, |Filter Paper Disk Cutter. See Note 1,

Timer, readable to % second.

5.

6. |Chemical Balance.

7. |Mercury, approximately 150:-grams.
8.

Tared Beaker and Watch)Glass for mercury and
sample.

9, [Flat Glass, for'leveling mercury, such as
microscopig-slide.

Rubber,Cell Holder. See Note 2.

ot
e

11. | Petri:Dish, approximately 100 mm diameter.
12

Stopcock Grease.

mercury. With watch glass, level the/mpreury,
using a cutting motion across top of(eell. Do
not tip cell, Catch excess mercliry’in Hetri

dish.

3. Transfer mercury from cell to tared beaker and
weigh, Record weightto'nearest 0.01 grams as

v,

4. Remove top filjerdisk. Select trial am¢unt of
sample weighed-to nearest 0,01 grams. [Select
weight as 0:1 to 0.2 grams less than the
numerieal value of the specific gravity.| Put
sample) carefully fluffed, into cell. Rgcord
sample weight as W_.

5.%Replace top filter disk and insert plungpr. Turn
plunger into cell until shoulder of plungder is
flush with top of cell.

6. Remove plunger, insert cell in rubber cgll
holder within Petri dish, and carefully f}ll
space in cell above sample to overflowing
with mercury,

7. Level as before and transfer mercury in|cell to
the tared beaker. Weigh mercury to neagest
0.01 grams and record weight as W,.

Calculations: Determination of sample porpsity
in cell —

1. Select density of mercury from Table 1 in the
Appendix according to the ambient tempferature.
Record density in grams/cm?, as p, .

2, Galculate the volume occupied by the spmple
to the nearest 0.0l cm® as follows:

Sample Volume = (W, — W,)/p =V,

Procedure: Determination of specific surface
and/or density —

1. Determine specific gravity of sample using
“Method for the Determination of Specific
Gravity,” described in this Code, Record the
value obtained as p_. See Note 3.

3. Calculate porosity of sample in cell to the
nearest 0,001 as follows:

Porosity =1 - W,/ V,p, =€

4, The desired porosity is 0.505 £ 0.005. The
firmness of the bed, however, is the critieal
factor. Variations in the physical charac-
teristics of the dust sample may make it dif-

4
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ficult to achieve a firm bed with the desired
porosity. Make several attempts to create a
firm bed by adjusting the sample weight. Do
not, however, use excessive pressure in at-
tempting to achieve the desired porosity or
make use of a loose bed even if its porosity is
between 0.500 and 0.510.

Notes:

V e® = value taken from Table 2 in the Appendix
for the appropriate value of e.

\/T = value taken from Table 3 in the Appendix
for the appropriate value of T.

V7 = value taken from Table 1 in the Appendix

for viscosity of air at the room temperature.

5. [etain sample of desired porosity in cell for
letermination of specific surface. Use the
values of W, and e obtained for this sample in
future calculations.

Progedure: Determination of Specific Surface —

1. Place cell containing sample of desired
horosity, e, in cup of manometer, sealing joint
vith stopcock grease.

. 2. With stopcock open, draw manometer fluid to

| op graduation. Close stopcock. Time the
nterval required for level of fluid to drop from
the second to the third graduation when the
stopcock is opened. Record time to the nearest
.5 second as T.

3. Repeat Step 2 until time intervals are constant
o within 0.5 seconds. Use the final value of
in the following calculations:

Calgulations: Determination of Specific Surface —

1. (alculate the Specific Surface, in em®/gram, as

ollows:
Bpecific Surface = ———l-c—e—_, ,where
P (1 —e)\fzn
k = calibration constant fogapparatus. See

Note 5.

1|

A cork borer, or similar device, shall(hg-Ased
to cut filter paper disks of the propersizd to
fit smoothly in the bottom of the-sample cgll.

A large rubber stopper, drilled £0 receive fhe
base of the sample cell, should be used tq hold
the cell upright in the Pétri dish.

. The term p, is by defifition the specific gravity

of the dust sample) However, this numerifal
value shall be used for calculation purposes

in this test fmethod as a density value having
units of-gfams/cm®.

The_dast sample should be predried for ong hour
in ‘g drying oven at a temperature of 105-110C,
Cool sample in desiccator to room tempergture
prior to performing the above test procedufres.

Blaine Air Permeability Apparatus must b¢
calibrated on National Bureau of Standardp
standard sample No. 114, This shall be dpne

by performing the procedures described abgve,

using the standard sample. Using the valye of
specific surface assigned to the standard
sample, solve the above equations for the [cali-
bration constant, &, Use this value of & iy
succeeding calculations when determining|the
Specific Surface of dust samples.

e
T T

Copyright ASME International
Provided by IHS under license with ASME

Bl No reproduction or networking permitted without license from IHS

Licensee=Purdue University/5923082001
Not for Resale, 05/11/2012 01:51:25 MDT


https://asmenormdoc.com/api2/?name=ASME PTC 28 1965.pdf

ASME PTC*28 L5 ER 0759670 0053293 5.

SECTION 5, APPENDIX

5,01 Note: The term “weight” isused in this
Code in accordance with the general practice
although the term “mass” would be technically
correct. “Weight” is by definition a force of
gravitational attraction which changes with
location and altitude. “Mass” is a property of
matter independent of the force of gravitational

the air in the sifting chamber (19), to which the
sample is introduced through the slot (8).

5.05 The spiral of air operating in the sifting
chamber (19) is created by the vanes (22) of the
fan wheel in the upper rotary assembly. These
vanes draw air between the grading member (16)

attrpction.

5l02 Description of Centrifugal Classifier.
A Qentrifugal Classifier shall be used for the
det¢rmination of Terminal Velocity Distribution.

le feed mechanism. A typical instrument of
type is shown in Fig. 1. The motor operates
500 rpm creating precisely controlled air
velgcities within the air spiral and sifting chamber
of the centrifuge. The unit employs the following
opefating principle:

503 The sample is introduced into a spiral
shaped air current flowing toward the center. The
spidal current of air has suitable values of tan-
gential and radial velocities so that a certain part
of the sample is accelerated by the centrifugal
force toward the periphery of the whirl, the other
parf of the sample being carried by the air current
toward the center of the whirl by means-of friction
between the air and the dust particle. The size,
shape, and weight of the particles determines
whith direction they will take in the air current.
By yarying the air flow, it is possible to change
the [terminal velocity limjt'of) division and thus
the material can be divided into a number of frac-
tions with limited terminal velocity ranges.

5{04 By referririg to Fig. 2, the operation can
ollowed in-greater detail. The sample passes
the feéd hopper (5) down the funnel and

(11) the air velocity is rapidly reduced as the
radius increases and the conveyance of the mate-
rial is taken over by centrifugal force. During the
passage through the narrow duct (11), where the
rotation of the air is high owing to the friction
against the walls, the particles are also given a
preliminary velocity in the direction of rotation of

and the Tower Totor assembly casting (1)., As the
fan runs at a constant speed, the position’.af the
gradingmember as set by the horseshde)shaped
throttle spacing piece (14) produces a predelter-
mined flow of air which is easily jaltered by|the
exchange of throttles.

5,06 After entering the‘annular opening the air
passes through a bank,of closely spaced digks
(18) which impart the'necessary symmetrica
rotation to the aif by the friction against the
disks. The air-then passes in a spiral throygh
the sifting chamber and is driven out throug} the
vaned faniwheel. The design is such that alhomo-
geneous<gyratory fieldis established in the gifting
chamber with streamlines having the same inclina-
tion‘towards the radius and the same velocily at
every point of an arbitrary circle within the pifting
chamber.

5.07 The sample enters the sifting chamhber
symmetrically from the duct mentioned above and
is divided into two fractions. The lighter fraction
is borne by the spiral air out through the fan| to
stop ring where most of it is deposited due to the
strong centrifugal force and the relatively 1
radial air velocity at this point. The heaviey frac-
tion is carried by centrifugal force out against the
rotating wall of the catch basin (20) where i forms
a drift uniformly distributed around the entirg
periphery.

5.08 As all the surfaces have approximatgly
the velocity of the air, the treatment of the mate-
rial is gentle so that it is not worn during ity
repéated passages through the apparatus.

5.09 The method of introducing the sample into
i i for and
dispersion without fracture. The feed hopper is
shaken by the vibrator (3), the amplitude of the
vibration being controlled by a rheostat. The
sample passes slowly under the adjustable slide
(4) where the revolving brush (6) aids in passing
the sample into the feed tube (7). The sample
then passes into the rotary duct (11) through the

23
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feed hole (12). Nitrogen gas, under low pressure,
is admitted to the brush chamber through the small
tube shown at the right to assist in transporting
the sample. The amplitude of the vibration, the
position of the adjustable slide, the position of
the revolving brush, and the nitrogen flow rate are
so adjusted as to insure uniform sample flowrate
with good deagglomeration.

ASME POWER TEST CODES

larger than the throttle cut-point). Calculate
the weight per cent of the sample smaller than
the cut-point value. Using a data sheet similar
to that shown in Fig. 4, enter this value, to the
nearest 0,1 per cent, opposite the appropriate
throttle number in the column labelled Test

No. 1

col-

3—Using-thesecond-theottlefeed-the—entire
i'lo Various models of this instrument are lected fraction from the previous run thropgh
avafilable, each incorporating various modifica- the classifier. Weigh the collectedd@ractipn of
tioils of the feed mechanism and housing. How- the sample. Calculate the total.weight per cent
evel, the operating principles remain the same. of the original sample smallerthen this cpt-

Dinjensional differences between various models point. Enter this value opposite the apprppriate

wil] produce different ranges of air velocity and throttle number in the same. column.

cenlrifugal force at the point where the sample ) .

entdrs the sifting chamber from the feed slot. 4. Repeat as above, using succ.esswe.ly all the

The actual values of these parameters are not throttles. Enter the cur.nul‘atlve weight pep

critjcal as long as the terminal velocity cut-points cents s.maller thaw'the indicated throttle gut-

avajlable with the throttles supplied provide an points in theiTest No. 1 column,

adefjuate number of test points to permit the 5. Repeat the above procedure using the second

plotting of a smooth terminal velocity distribution sample\of the set. Enter the test data in fthe

curye over the range of 0.1 to 100 inches per colunin labelled Test No. 2;

minjte. 6. Repeat the above procedure using the thind

5[11 Installation and Calibration of Centrifugal sample of the set. Enter test data in the

Clagsifier, column labelled Test No. 3.

Installation: 7. Average the data in the three columns to the

The| Centrifugal Classifier should be assembled nearest 0.1 per cent for each of the throttles

in apcordance with the manufacturer’s instructiens and enter the averages in the column labelled

and |installed on a firm table or bench away(from Test Avg.

oveps, heaters, or .dlrECt drafts.‘ The ingtyinent 8. Plot the terminal velocity data enclosed +ith

shogld be located in a room having a dust-free >

. the Standard Samples as shown in the example

atmpsphere with a temperature range: of 65—75 I in Fig, 5

and [relative humidity of less than-50 per cent. i Tige o

Callbration: 9. On tl.le graph d'raw a v?rtic'al Ii‘ne up to the

terminal velocity distribution curve from the

The| Centrifugal Classifier should be operated in appropriate weight per cent for the first

accgrdance with thesmanufacturer’s instructions throttle. From the intersection of this ling and

and [the “Methodfor the Determination of Terminal the curve, draw a horizontal line to the tefminal

Velgcity Distribution” during the calibration proce- velocity scale on the left. Indicate the thottle

durd exceptdor-the following modifications and designation in the margin opposite this hayi-

supplementary steps. zontal line.

1. Petermine the weight of one of the three 10, Repeat the above steps for each of the otler
samples in the Standard Sample Set to the throttles. The terminal velocity values inter-
nearest 0.01 grams. The samples have been cepted by the horizontal lines are the calibra-
screened and dried during preparation so that tion points for the respective throttle numbers.
these steps are to be omitted during the cali- Enter these values to three significant figures
bration operation. in the Term. Vel. column on the data sheet.

2. Using the first throttle, feed the entire sample 11. The terminal velocity cut-point for the throttles,

through the centrifugal Classifier. Weigh the
collected fraction of the sample (the fraction -

thus obtained, shall be used in the determina-
tion of the Terminal Velocity Distribution of

~ "\\‘\ |
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DETERMINING THE PROPERTIES OF FINE PARTICULATE MATTER

dust samples in accordance with the test
method described in this Code.

5,12 Standard Samples For Calibration of
Centrifugal Classifier.

The distribution of standard samples is limited.
In order to obtain a sample set, the following
qualifieati

(1

User possesses a centrifugal classifier of the
type specified in this Gode,

(2) |Standard samples are to be used in conjunction
with the elevation of air pollution control

equipment, and

(3) [No more than one set of samples is acquired
per year unless a major repair has been made

on the centrifugal classifier.

Address all requests for standard samples to
Chalirman, Power Test Code Committee No. 28,
¢/o|The American Society of Mechanical Engi-
neets, 345 East 47th Street, New York, N.Y,
10017, along with 85,00, to cover handling and
mailing expenses.

5{13 Relationship Between Terminal Velocity
and|Particle Diameter. Terminal Velocity Distri-
butIn, defined elsewhere in this Code, is a

25

given piece of dust separating apparatus would
collect these particles, whereas in fact, these
particles would have a much lower Terminal Ve-
locity than calculated and would escape separa-
tion.

5.14 However, since dust “size distributions”
are commonly given in terms of particle size

in this Code as a means of converting Termipal
Velocity values to equivalent solid sphéric
particle diameters, for a given spegific gravity.
Whenever this conversion is used,)the resultling
particle diameter should be cléarly labeled as an
“Equivalent Solid Spherical Particle Diameter
based on Stokes’ Law and a specific gravity
Of .- ‘,,

5.15 This intervelation of particle dimensfions,
shape, and specific gravity is the basic reagon
why “particle size” analyses determined by dif-
ferent methods can seldom be correlated although
each method may give consistent and reprodficible
values'of the particular dust property which [is -
measured.

Notes:

If it is desired to use the Stokes” Law forfula
given on Fig. 6, it may be more convenient fo use

proferty of dust that has a major effect on the . . , .
, the following units with a conversion factor father
performance of many types of dust separating > .
. . . -\ than the basic cgs system of units.
apparatus, in particular, those which ufilize i
inestial or centrifugal forces to separate the dust KD? ( )
fron the gas stream. For this type-of equipment, Vo= 22 P17 Py 108
the particle Terminal Velocity-is_a more significant n
pargmeter than the actual particle dimensions be- where:
causge it includes the effeet-of particle shape and ) . )
i rs ) . . . V = terminal velocity, in in./min.
spefific gravity for eachyparticle. This is
especially importantfor heterogeneous dusts that D = particle diameter, in microns
are lcomposed of particles of varying shape and o . . .
ips . . p: = specific gravity of particle relative fo
spegific gravitys—For example, a portion of dust
. . . . water at 4 C.
may| consist of-hollow particles with an effective
spetific gravity considerably lower than the p, = specific gravity of fluid relative to wWater
avetage value as determined by analysis of the at 4 C,
bul Eﬂmplﬂ F"‘nm m;ﬁ"‘nef’l\“;f‘ measurement n'F - - ffl 'd - -
the particle dimensions, combined with the average 1 = Viscosity of fluid, In poises
specific gravity value, one might conclude that a K = 12,93 = conversion factor for units used,

P
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' Table 1 Tablq 2
Dens|ty of Mercury (p_), Viscosity of Air () Values for Porpsity of Bed (3/’) '
d .
and v/7 at Given Temperatures Porosity of Bed, (@) N =
Room Tem Density of Viscosity of -
Q) P Mercury, p,, Air, 1 V7 0.490 0.343 3
(gms/cm ?) (poises) 0.491 0.344 ;2 :
0.492 0.345 g
16 13.56 0.0001788 0.01337 0.493 0.346
0.494 0.347 -
§ 18 13.55 0.0001798 0.01341 f
0.495 0.348 i
20 13.55 0.0001808 0.01344 0.496 ‘ 0.349 -
o 0.497 0.350 N
! 22 13.54 0.0001818 0.01348 0.498 0.351 -0
} 0.499 0.352 =
l 24 13.54 0.0001828 0.01352 o
| | 0.500 0.354 o
) 26 13.53 0.0001837 0.01355 0.501 0.355 -
0.502 0.356 L
28 13.53 0.000184% 0.01359 0.503 0.347 i)
0.504 0.358 T
30 13.52 0.0001857 0.01362 =
' : 0.505. 0.359 l
32 13.52 0:0001867 0.01366 0.506 0.360 _
0.507 0.361
34 13.5 0.0001876 0.01369 0.508 0.362
0.509 0.363
0.510 : 0.364
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Table 3. Determination of Specific Surface — Time of Air Flow

T = time of air flow in seconds

JT

Il

factor for use in equations

T VT T VT T VT | T VLT VT | T /T
26....., 6,10 |-61,..., 7.14 | 76..... 8.72 | 101.,.,10.05 | 151,...12,29 | 201...,.14.18
26}4.... 5.15 | 5114.,, 7.18 | 76}4... 8.75 | 102....10.10 | 152....12.83 | 202..,..14.21
27......6.20|52,,..,7.20 | 77..... 8.77 | 103....10.15 | 153.,..12.37 | 203.....14.25
2734.... 5.25 | b2l4.., 7.24 | 7734... 8.80 { 104....10.20 | 154....12.41 [ 204.....14.98
28...... 5,29 | 53..... 7.28 ]| 78..... 8.83 | 105...,10.25 | 155....12.45 | 205.....14.32
2834.... 5.84 | 5334.,, 7,31 | 78}4... 8.86 | 106....10.30 | 156....12.49 | 206.....14.35
29,,.:.. 5,30 | 64,.... 7,35 79..... 8.89 | 107...,10.34 | 157....12.53 | 207...4 \14.39
2034.... 5.44 | 5414... 7.38 | 7914... 8.92 | 108.,..10.39 | 158....12.57 | 208..5 )\ 14.42
30.,.... 65.48 | 55,,.., 7.42 | 80..... 8.94 | 109.,..10.44 | 159....12.61 | 209%/...14.46
3034.... 5.52 | 5514.,. 7.45 | 8014... 8.97 | 110.,..10.49 { 160....12.65 | 210..,..14.49
31......565.67 | 66,,..., 7.48 | 8L..... 9.00 | 111,...10.54 | 161....12.60°211.....14.53
3134.... 5.61 | 5614... 7.51 | 8134... 9.03 | 112....10.58 | 162....12.73)| 212.,...14.56
32......5.,66|57..... 7.55|82,.,.. 9.06| 113,...10.63 | 163...,12,/77 | 213.....14.59
3214.... 5.70 | 65734.., 7.58 | 82)4... 9.00 | 114....10.68 | 164..,;12.81 | 214.....14.63
33...... 5,74 | 58...., 7.062 | 83..... 9.11 | 115..,..10.72 | 165..0.12.85 | 215..... 14.66
3334.... 5.79 | 5834,., 7.65 | 8314.., 9.14 | 116....10.77 |<166....12.88 | 216..,..14.70
34..,...5.8359..... 7.68 | 84..,.. 9,17 | 117....10.82(D167....12.92 | 217.....14.73
3414.... 5.87 | 5924... 7.71 | 84}4... 9.20 | 118....10.86 | 16S....12,96 | 218.....14.76
35,...., 5.92160,..., 7.75 | 85..... 9.22 [ 119,..,10:91" | 169.,..13.00 | 219.....14.80
8514.... 5.96 | 6014... 7.78 | 8514... 9.25 | 120.,..10%95 | 170....13.04 | 220.,...14.53
36.,..., 6.00| 61...., 7,81 | 86,.... 9.27 | 120(\711.00 | 171....13.08 | 222.....14.90
361¢.... 6.04 | 6134... 7.84 | 8614... 9.30 | 122v),.11.05 | 172....13.11 | 224.,.,.14.07
37......6,08{62.,... 7,87 | 87..... 9.83 [.123..,.11.00 | 173.,..13.15 | 226.....15.03
8714.... 6.12 | 6214... 7.90 | 8714... 9.30(,124....11.14 | 174....13.19 | 228.....15.10
38...... 6,16 63..... 7.94] 88..... 9.38\[ 125...,11.18 | 175....13.23 | 230.....15.17
3814.... 6.20 | 6314... 7.96 | 8814..%9.41 | 126.,..11.,22 | 176..,.13.27 | 232.....15.23
39,,....6.24 | 64.,.,. 8,00 | 89,3/, 9.43 | 127,....11,27 | 177....13.30 | 234,....15.30
3914.... 6.28 | 6414... 8.03 | 8914,.. 9.46 | 128.,,,11.31 | 178....13.34 | 236.....15.36
40,..... 6.32 | 65,.... 8.06 [-90..., 9.49 | 129,...11.86 | 179....13.38 | 238.....15.43
40)4.... 6.86 | 6514.., 8.09 \90}4.,. 9.51 | 130.,..11.40 | 180..,.13.42 | 240.....15.49
41.,,... 6.40 | 66......8.32 1 91.,... 9.54 | 131,,,.11.45 | 181....13.45 | 242.,,..15.56
4134.... 6.44 | 66}4.~8.16 | 9115.., 9.57 | 132.,..11.49 | 182.,.,13.49 | 244.....15.62
42,,.... 6.48 | 07.,~.8,19 | 92...., 9.59 | 133,,,.11.53 | 183....13.53 | 246.....15.68
42)5.... 6.52 | 6734.), 8.22 | 9214... 0.62 | 134.,..11.58 | 184.,,.13.56 | 248.....15.75
43,..... 6.56 | 635,.... 8.25 | 93.,,.. 9.64 | 135....11.62 | 185....13.60 | 250.....15.81
43%4.... 6.060\.6314... 8.28 | 9314... 9.67 | 136..,.11.66 | 186....13.64 | 252.....15.87
44,..... 6,63 69,.... 8.31 | 94..... 9.70 | 137....11.70 | 187....13.67 | 254.....15.94
4414, .. «6.67 | 6914... 8.34 | 94)4... 9.73 | 138....11.75 | 188....13.71 | 256.....16.00
45,,, 416,71 170,..., 8.37 | 95...., 9.75 | 159..,.11.79 | 189,...13.75 | 258.....16.00
45380\ 6.74 | 7014... 8.40 | 95)4... 9.78 | 140....11.83 | 100....13.78 | 260.....16.12
46...... 6.78 | 71..... 8,43 | 96.,... 9.80 | 141,.,.11,87 | 191....13.82 | 262.....16.19
46)5.... 6.82 | 7134,., 8.46 | 96}4... 9.83 | 142,.,.11.92 | 192....13.86 | 264.....16.25
47...... 6.86 [ 72..,., 8,49 [ 97...., 9.85 | 143,...11.96 | 193....13.89 | 266.....16.31
4734.... 6.89 } 7214.., 8.52 | 97}4... 9.88 | 144....12.00 | 194....13.93 | 208.....16.37
48...... 6,93 | 73,.... 8.54 | 9S8..... 9.00 | 145.,..12.04 | 195....13.96 | 270.....16,43
48%4.... 6.96 | 73}4... 8.57 | 9814... 9.03 | 146,.,.12.08 | 196....14.00 | 272....,.16.49
49.,.,..7.00 | 74..... 8.60 | 99,,... 9.95 | 147,.,.12,12 { 197.,..14.04 | 274.....10.556
4914....7.04 | 7414... 8.63 | 0934... 9.98 | 148..,.12.17 | 108....14.07 | 276.....16.6!
60.,.... 7,07 | 75..,.. 8.66 |100..,,.10.00 | 149....12.21 | 199....14.11 | 278.....16.67
60%.... 7.10 | 75)4... 8.68 [100}4...10.03 | 150....12.26 | 200..,,14,14 | 280.....18.73

27
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Table 4. Specifications for U.S. Standard Sieves, Fine Series

NOMINAL DIMENSIONS, PERMISSIBLE VARIATIONS, AND
LIMITS FOR WOVEN WIRE CLOTH OF STANDARD SIEVES.

(U.S.Standard Series (4th Root of 2 Ratio))

. — . . . . Nominal Wire
ignation Permissible . :
Sieve Designatio Sleve Opening Permissible \"nr]iution 1;\"1';:?-‘55“"" Diameter®
ey T Sartion 17
plrr(;xl(l?\?l.tc OPL"'"“& per cent of Ionl‘l]l::;::i:?.l le(l\“ll(\[\‘l\le)
Standard Alternate mm equiv- | Pereent O;!c‘.cr“cl:;h:' percent | mm equiv-
alents) alents)
) 2) (€)] ) (5) 6} ) (8) )
*5,60 mm...| No.3l4,...| 5.66 | 0.223 +3 +5 +10 1.u84 0.00601
4,70 mm,,.| No.4......|] 4.706 | 0,187 £3 +5 410 1.54 0.,0600
*4.00 mm...| No.5..,...} 4.00 | 0.157 =3 +5 +10 Y.37 | 0,0530
3.36 mm, ..} No.6..,...] 3.36 | 0.132 =+3 45 410 1,23 | 0.0484
*2,83 mm,,.| No.7......] 2.83 | 0,111 +3 +5 ~+10 1,10 | 0,0430 .
2.38 mm,.,| No,8......] 2.38 0.0937 =+=3 +5 10 1,00 § 0,034
*2,00 mm...| No. 10.....| 2.00 0.0787 +3 -+5 <10 | 0.900] 0.0354
1,68 mm...[ No,12...,.{ 1.68 0.0601 +3 +5 410 | 0.810{ 0,0319
*1.41mm,..| No,14.,...| 1,41 0.0555 +3 +5 -4+10 | 0.725{ 0.0285
1.19 mm,..| No. 16.....| 1,19 0.046G9 $=3 +5 +10 0.650f 0.0256
*1,00 mm,..| No.18.....| 1.00 | 0.0394 +5 473 415 | 0.580 0,0228
841u........| No.20.....| 0,841 | 0.0331 E39) +7% +15 | 0.510 0.0201
*07p........| No.25.....} 0.707 | 0,0278 B 473 +15 0.450] 0.0177
596 4. .....,.| N0, B80.,...] 0.595 { 0.0234 £ +73 415 | 0,390| 0.0154
*500 u. . No. 35.,...1 0.500 | 0.0197 +5 473 415 0,340} 0.0134
420 u, : No. 40.....] 0.420 | 0.0165 +5 4122 +25 0,290 0.0114
*354u........} No,456..,..] 0.354 | 0.0139 =45 412} +25 | 0.247| 0.0007
297 uovvv...s| No. 50.....] 0,207 | 0.0117 =45 +12% -+25 | 0,215 0,0085
*200 ., .0.v.| No. 60.....1 0.260 [<b.00u8 +5 412} +25 0.180I 0.0071
2104, 0000 No. 70.....] 0.210 ] 0.0083 =45 121 25 | 0,1562] 0 Q060
1778, 0.....| No. 80.....] X774 0,0070 +$:0 +20 <440 | 0.131] 0.0052
M40 p. . veu.. ] Noo 100, ., . A05240 | 0.0059 +6 -+20 40 | 0,110, 0,0043
*125 v vven. o] No, 120, ... N00125 | 0,0049 46 +20 -+40 | 0.001| 0,0036
105 .. ooy o] Noo 140.,,0(, 0.105 | 0.0041 =40 420 40 | 0.076] 0.0030
*88 u. . ..., ..|-No, 70057 0.088 | 0.0035 +£6 +20 <40 | 0.064| 0.0025
Tdu........j Nor200.,,.] 0.074 | 0.0029 +=7 +30 460 | 0.053| 0.0021
*63 x........] No,230....] 0.063} 0.0025 +7 +-30 460 | 0.044| 0.0017
53 u..... ../ No.270....| 0,053 [ 0.0021 +7 +30 460 | 0.037{ 0.00156
*44 u. .. e No. 325....0 0,044 | 0.0017 +7 430 +4-60 0.030( 0.0012
37 1. can s .| No, 400....] 0.037 | 0.0016 +7 30 +60 | 0.025 0.0010
*These sieves correspond to those proposed as an International (ISO) Standard. It is recom-~
metided that wherever possible these sieves be included in all sieve analysis data or reports
intended for international publication.
2These sieves are not in the fourth root of 2 Series, but they have been included because
theg are in common usage.
The average diameter of the warp and of the shoot wires, taken separately, of the colth of
any sieve shall not deviate from the nominal values by more than the following:
Sieves coarserthan 590 ff. .« .« v il e e e e 5 per cent
Sieves 590 1L t0 125 [ho o v v v v v o v v v e o b e e e v a e ks e s e et s e s e s e s 10 per cent
Sieves finerthan 125 fL.  « o v v v v vt v it i e e 15 per cent

NOTE — All measurements of opemngs and wire dlameters shall be made on the
completed sieve.
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FIG. 1 CENTRIFUGAL CLASSIFIER
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9. FAN WHEEL OUTLET
0.COVER
11. ROTARY DUCT
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FIG, 2 CROSS SECTION OF CENTRIFUGAL CLASSIFIER
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THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS ® Power Test Code 28
TEST REPORT ' FIG. 3

200 DETERMINATION OF TERMINAL VELOCITY DISTRIBUTION
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0‘8 ¥ : : BEEE Test Data

Sample No. XP-307
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THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

Power Test Code 28

TEST RESULTS

Test: Calibration of Bsheo Centrifvaal Classifrev

Sample: Stendard Samble Set No.976

Date: Mov. /5, /9¢/

Percent Smaller Than Indicated Sigze

Throttle No. Term, Vel, Test Test Test Test
Inches Min, NO. 10 No. 2. No. 3. AVE.
/8 0.76 7.7 7.3 7.2 7.4
/7 /.90 1%. / /8.3 /8.5 /18,3
/6 4.60 34.06 34.4 34.6 34,
/ .9.10 5/.5 5/.6 Sl./ S/.4
/2 /8.5 7.6 66.9 67./ 67,2
g 9.0 75.% 75.7 76.5 76.0
2 42.0 22.3 92.7 %1.9 82. 3
o 49. 0 4.6 ¥4, | 84.2 84. 3
FIG. 4
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THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS ® Power Test Code 28

TEST REPORT FIG. 5
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