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ii. ABSTRACT

The purpose of this report is to describe the design, operation, and capabilities of
an improved laboratory test device that is intended to simulato the reaerosolization
of a powder in the field. Its improveent in design over the Monsanto Research Cor-
poration (MRC) reaerosolizer is a result mainly of eliminating the constrict ion at
the top sampling head to permit linear gas flow, using Hillipore filter paper over
the bottom glass frit for protection against clogging, and changing the Hillipore-
filter paper on the collection head to a fiber mat type paper to prevent loss of
powder. The improved apparatus was tested with various CS2, resorcinol, and para-
aminobAnzoic acid powders (particle size.v between 2 and 15 microns MMD) at a range of
airflow, rates and was found to g!ve a linear relationship between airflow rates and
percent reaerosolization. It was also found that varying the pore size (within a cer-
tain range) of the Hillipore filter paper on the bottom head made little difference
in the amounts of powder reaerosolized at various airflows. It is probable that some
powder samples can be characterized and rated by their response to different airflow
rates. This design is being used locally in lieu of the earlier tRC reaerosolizetion
simulator for the laboratory testing of this powder property.
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DICEST

The purpose of this report is to describe the design, operation. and'capabilities of an
improved laboratory test device that is intended to simulate the reaerosolization of a powder in (hv
field. Its improvement in design over the Monsanto Research Corporation (MRC6 reaerosolier iN a
result mainly of: eliminating the constriction at the top sarmpling head to permit linear gas flow.
using Millipore filter paper over the bottom glass frit for protection against clogging. and changing
the Millipore filter paper on the collection head to a fiber ma1 type paper to prevent los of p,,,,lhr

The improved apparatus was. teccd with various 4S2. resorcinol, an pjra-amxnobenioi,:

acid powders (particle szes between 2 and 15 microns MMD) at a rang of airflow rates and was
found to give a linear relationship between airflow rates add percent reacrosolization. It was also
found that varying the pore size (within a certain range) of the Milliporefilt. r paper on the bottom
liead ma$? little difference in the amniintoni rn9 nwder r4aerosolized at -.arious airtlows. it is
probable that some powder samples can be characterized add rated by their rr•ysgsa to dtiferent
airflow rates. This design is being used locally in lieu of thelearlier MRC reaenisoli;atiolt similator
for the laboratory testing of this powder property.
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AN IMPROVED REAVROSOLIZATION TEST DEVICE:
ITS DESIGN, OPERATION, AND CAPABILITILS

1. INTRODUCTION.

Contro,,,kd field type tests for reaerosolization of CS2 CS blended with 5'1 hydrophobic
silica) powders have been performed at Edgewood Arsenal.* CS2, a riot control agent, is uscd to
deny terrain to unwanted intruders by reaercsolizing when the intruder enters the contaminated
area. Reaerosolization is the process whereby a powder. which has been deposited from a cloud or
otherwise on a surface such as the ground, is caused to reform a cloud when disturbed by relatively
weak forces.

To study reacrosolization in the laboratory, a suitable device was needed to simulate field
testing on a smaller scale. Two techniques have been tried to approximate reiemrsolizatiorr under
controlled laboratory conditions; one using constant vibration as a powder agitator." and the other
using the Monsanto Research Corporation (MRC) glass reacrosolization apparatus.t In the absence
of field tests of powder reacrosolization, it is not possible to correlate these laboratory techniques
directl" with reaeroRnlization in the field. Of these two techniques, the MRC ',-vice offt-r,•t thc
better means of testing a powder tor apparent reaerosolizabuzty because the results obtained with it
were more reproducible and the gas flow and humidity could be controlled.

The MRC apparatus consists of a Pyrex glass tube 2-7/8 inches in diametcr and 14 inches
long with a coarse glass frit. used as a gas diffuser, located near the bottom. The tube is provitlcde
with a side arm, located 5 inches above the frit. through which a powder sample is introduced Ai
small quantity of nitrogen flowing through the frit distributes the powder sample particles otcr the
glass frit, after which a gas flow of 200 cc/sec is directed through the powder bed distributed on the
frit. The reaerosolizcd portions of the sample are carried up the tube by the gas flow and collected
on a Millipore filter at thp upper portion of the glass apparatus. This filter is removed and weighed
to determine the quantity reaerosolized.

Several disadvantages result from the design of the MRC reaeresolizer. Because the
powder initially is deposited directly on the glass frit. the frit becomes clogged with powder. which
changes its porosity. As a result, the airflow through the frit is altered, and the reproducibility of
the results is affected. The tapering of the column at the upper (sampling) head also alters the
airflow pattern. This introduces a changing stream velocity profile and creates turbulence at the
sampling head. Furthermore, the sampling filter used is a membrane type filter (Millipore). which
has a tendency to lose powder when the sampling head is removed. If the sample size is kept small.
the membrane filter usually is satisfactory, but this restriction on size is undesirable.

A test device built at Edgewood Arsenal, having several distinct design advantages over
the MRC device in characterizing the apparent reaerosolization of powders, is described in this
report.

*MacLeish, Joseph H., and Frickel, Robert H. EATR 4302. Portable Chamber Field Test of ('S! June I%()-
UNCLASSIFIED Report.

**Klein, J. M. EATM 1424. Reaerosolization of CS2 for Terrain Denial. May 1969. UNCI.ASSIFIED Report.
tileadley, W. H., Feairheller, W. R., Richardson, G. A., and Zanders, D. L. Monsanto Research Corporation.
Quarteriy Progress Report No. 2. Contract DAAAI 5-68-C-0006. Studies of the Surface Chemistry of Solids in
Dissemination. January 1968. UNCLASSIFIED Report. PRECEDING PAGE o
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u. tXPI: R!NI[NTATION.

Three •lotdifict'iions have beeln miade ill the Edgcwood N\rswnal test device to correct tihe
detects toul nd in the MR(' reacrosoii/er. [he fritted glass diffuser is protected by a Mitlipore filter
from clogging by the powder. The gklss column is now straight froni the diffuser filter to the
Sam|pling fitter. Finallv. a depth filter (type 11061) is used in place of the Millipore filter at (he
,,aipling head, to better retain the coilected powder.

A. Materials.

I, Reterosolization COlimn 24 inches long, 80 mm in diameter. flanged ends, attached
side tube 2i mmin in dialiater with 24/'25 ST ground glass joint.

2. 24 25 ST (;lss topper.

3. Collection head.

4. Reacrosolizationl head.

5. Two 0-ring st-als- 90 onin in diameter, Labglass, Vinelard, New Jersey.

6. I !06B Filter paper produced by Hurlbut Corporation, South Lee, Maine.

7. Millipore filter paper-pore sitcs 0,45 and 1.2 microns.

8. Two McCarter's clamnps--Labglass, Vineland, New Jersey.

9. Airflow gage-rotl:meter-registering up to 9125 cc/min.

10. 'aCU'llll soturce.

1 I. Saum ple injection tUbe handmade.

12. 0. 1'i Aerosol O.T. solution.

13. Treated resorcinol- resorcinol preground in a jet mill to less than 10 microns
diameter and blended with 5'.,; hexamethyldisilazane- (FIMDS) treated Cab-O-Sil I-S-5.

14. Treated p-aminohenzoic acid (PABA)-PABA preground in a jet mill to less than
10 microns diameter and blended with 3% hexamnethyldisilazane-treated Cab-O-Sil HS-5.

15. Ticated o-chlorobenzalhnalononitrile (CS) -CS preground in a jet mill to less than 10

microns diameter and blended with 5'; l)ow Corning silica X05527.

B. Methods.

The operating procedure used with this new apparatus is given in the appendix. A
schematic diagram is shown in figure I.

In order to evaluate this instrument, a series of experiments was conducted to investigate
the eff•cts of the following variables on the reacrosolization of powders:

• • • • • • • • •8
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COLLECTION HEAD

90MM "0" RING SEAL.-, FR=- ITTED CLASS DISK SEALED
FILTER PAPER (11066).-- . TO GLASS HEAD WI TH EPOXY

fOM DIAMETER

24/25 ST GLA STOPPF R

SAMPLE iNJECTI[ °'OR T

294M DIA,,E TER

S~I

-- M I'LLIPORE FILTER nPAPFFRITTILD GLASS DISK SEALED-.,.h- RING
TO GLASS HEAD MITH EPOXY -- 90M? >0 RING SEAL
REAEROSOLIZATION HEAD

(SCALE: li4- - "
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(FILTERED AIRM

Figure 1. Reaerosolizarion Test Device

1. Instrumental variables

a. Airflow rate

b. Pore size of the filter-air diffuser

2. Sample variables

a. Quantity of powder

9



h, Type ot* powdek-r

C. IDerisv ol'poder

3. Othier variahlc.,

.. Sequen iia Samplinmg (see below)

1). WVall lo's

W here possible. only one % ariable was changed in any experiment. The quantity of mdterial
obviouisly could not bie reproduiccd exactly in each run. Each experiment was run at least twice.

InI order to determine whentilte mnajor portion of the sample impacted oaj the sampling
f'ilter and whether this depende~d on the nature of the samtple, a series of' experiments was conducted
InI which tile samlpling hlead was disconnected quickly from tile column during the run, the filter
removed and replaced with a niew tared filter. and the sampling head reattached to the column.
Wh'itle the filter was beinig chianged. there was tic airflow in the column, and thus, no material was
lost. [In this fashion. it wais possible to tollow the rate of the reaerosolization. After each run. the
po%%der reml;' i ni oin thle d iffusing, fillecr was weighed, and the amount of powder adhering to the
walls was determinled fromn the difference.

Ill. R!2SUI-rs.

A, In ,trumiental Variables.

I-he results of' these experimients are summarized in tables I and II. The dependence ofC
reaerosolization onl the airtlow ratc is linear. as shown in figures 2, 3, and 4. These experiments
Nslo% that tilie linear depenidence of reacrosolization ~s inidepenident of' material type.

To verif'y that the observ-ed linearity is not accidental. the regression coetffcic~nt, r, v/aN
calculated for each result tising, thle equation:

Table 1. Reacrosotization Data in Filter Paper Variation Study

in tahic' I and 11, the sample is 9S; re~orciot i nd 35i (ah4-Sii ST-t.

Percent reacrosotized (by weight)

Filler pore size Airtlow (cc./min)

4850) S5WO 6950 8050

1.2 17.87 22.110) 41.14 52.07

0.55 12.27 20it05 32.83 60.64

10



iablc 11. Reaerosolization Data in Sample Weight Variation Swdy

Percent reaer osolized (by weight)

Approx Airflow (cc/min) Regreson
sample wt I-___t_

3850 4850 5900 6950 14050

O 2.74 18.75 16.13 38.66 41-17 0-95

0.3 4.51 17.87 22.90 41.14 52.97 .9,

0.5 3.50 12.70 23.34 36.27 49.34 0.,9

where
Xj = the airflow rate of the particular experiment

Y, = the reaerosolization result in percent

n = the total number of points*

Pie closer the value of r is to 1.00. the greater the probability that the data are indeed linear. The
values of the regression coefficient, listed in table 11, are all greater than 0-95- This shows that the
results are indeed linear at the 99.5% confidence interval.

To test the effect of the air diffusion pattern on reacrosolization, powdcrN itcrc
reaerosolized using Millipore filters with different pore sizes as diffusers. The constnrction of the
Millipore filter is such that, for filters of different pore size, the total open surface area is
approximately the same. Thus, for the filters used in these experiments--pore sizes ranging from
0.45 to 1.2 microns--the flow rate of air or gas through the filter would be about the same tinder
similar operating conditions. The technical data for these filters provided by the Millipore
Corporation show airflow rates varying between 10 and 15 liters of air per minute per Sluare
centimeter of filter surface." The air diffusion patterns, however, are different for the different
filters as the size and number of pores on the surface are different. The results of tfhese tests show
that there is no significant variation in reaerosolizability within the range of pore sizes used.

B. Sample Variables.

Tables II and III present the results of experiments conducted to show the effect of
varying sample size and. sample type. These results are plotted in figures 3 and 4. As indicated, we
can stpte with considerable certainty that in all cases, the dependence of rewaosolization on airflow
rate was linear. The regression coefficients confirm this observation.

In table IV the results are presented from experiments conducted with resorcinol powders
that had been blended with HMDS-treated Cab-O-Sil. Each of these powders was prepared frotm the

*The general equation for the regression coefficient can be found in most standard Statistics texts. The form of the
equation for a linear r-gression coefficient used 1rre is the equation used in comput!e programs.

"**Millipore Corporation, Bedford, Massachusetts. Catalog mc/l. 1970.
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Figure 2. Millipore Filter Paper Va:iation Study

same lot of preground resorcinol powder. aný each had the same particle size distribution. The only
major physical ditference between the powders was the hulk density. Thewe results show that the
dependence of reacrosolizability on density is not estahlished, but that a weak correlation between
these parameters may exist.
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Figure 3. Sample Weight Variation Study

C. Other Variables.

The results of typical sequential samfing experiments am presented in table V.
Numerous experiments were conducted, but only selected results are pm:smted here. The amount of
material adhering to the walls of the reaerosolizer was calculated by totaling the amount recovered
on the top filter with the amount remaining on the bottom firter. The balance of the material was
assumed to be adhering to the wall. The wall loss typically was 20%.

13
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Figure 4. Sample Type Variation Study

IV.[ DISCUSSION.

It can be seen in figure 3 that a variation in sample size with different airflows yields a
linear correlation for each sample weight, and the plots differ very little from each other. This is
somewhat surprising in that the sample consists of a nonlinear particle size distribution: thus, the
weight of the, particles leaving the bed would he expectcd to change nonlinearly at different airflow
rates. (it is conceivable that the air velocity through the pores of the Millipore filter has enough

14



Table Ill. Reacrosolization Data in Sample Type Variation Study

Percent reaerosolized (by weight)

Treated sample Airtlow (cc/min) R

3850 4850 5900 J 6950 8050

Resorcinol 4.51 1787 2290 41.14 52.•7

p-Aminobenzoic acid 8.87 31.72 45.76 53.82 70AG 0..

CS2 1,31 13.04 38.00 51.19 5-.71 0'"t

force to lift all particles in the I - to 30-micron size range from the surface of the filter at whe time
airflow starts.) Also, a variation in sample weight (0. 1 to 0.5 graml .ýseems to have little. if :wlyv
effect upon the percentage of powder reacrosolized.

The quantity of material used in each run corresponds to a contamination density of 20
to 100 gm/sq m. This brackets the currently recommended density of 50 gm CS2/sq in for terrain
denial.* These results indicate that this variation in the quantity of material .sed will not affect the
performance of the agent in the laboratory test.

The use of different pore sizes of Millipore filters on the lower head resulted in little
difference between the amounts of powder reaerosolized at various airflows (figure 2).

It is probable that some samples can be differentiated from each othur by data plots
showing ,heir relationship of percent reacrosolization and airflow (figure 4). Furthermore. it may he
possible to differentiate between samples having the same base material but containing different
silica substrates. Further work is in process to investigate this possibility.

Laboratory use of this improved reaerosolization test apparatus has shown it to he of
significant value in powder research, and that it is a more practical design than the MRC unit.
Maintenance and selection of the glass frit used at the point of reaerosolizaiion had been critical.
This critical point has been eliminated in this new design because even a change in filter pore size
does not qualify or change the reacrosolization results noticeably.

This new test device meets the requirements for the evaluation of powders in tihe
laboratory. Field tests of powder reaerosolization run in conjunction with this test device are
needed to show whether it does indeed siwulate reacrosolization. Reacrosolization can he measured
in the field by comparing the quantity of material kicked up forming an effective aeromsol to the
amount of material remaining on the ground. A carefully controlled field test device is also needed
to kick up powder from the ground in a reproducible manner.

V. CONCLUSION.

A new laboratory test device has been fabricated and has demonstrated several advantages
over the MRC reaerosolization simulator. This device is being used locally in lieu of the earlier MRU
apparatus as part of the powder characterization program.

*Klein, op. cit.
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rahle tV. H'ie lHllect of )t'usim oti Rejeromthrabililv

All aimnplle o',ni-t oi '5: , lweight re orcinot powder, pregrond to -taicron MMD.
od 5'; )ISID-reated (L.3d,0-Sil.

Reaero~olization
Simlple prefparatio hDe [n'l.ily\

4850 cIcc-mm 8050 c/rmIt

gm/ce I

Plastic V" Wendelr (1.34 1 2.2 43..,6
Steel "V" blender 0.35 I0.01 41.07
"V" blender with bar 0.64 I8.5(, 60.2.
I)ruln Ilidel 11.42 8.1 8 44.32
Drum l-' ider with rubberi 0.40 1 3.84 52.76

stoppers
0.rum blender with o37 11.04 47.97

Ceratmic rods

T'ihlc V. Seque.'ntial Reaerosoliation

\II runt,,s .verc ,,rI , iod w. h r -rr p l' d,'r Jrt ,I'l,-mId4',i with 5" llll1S-Ire:uitd Cab-0-Sil,
rlU' :I dlA in l hl.o i(i 4,450 ccm/I .

Run At time (min)

Oi tied On wall

10 20 30 40

1 11.38 0.08 8 5.7() 17.33 47.55

2 24.0(1 f.01 5.40 44.9Q 18.42

3 17.81 18.77 10.73 6.30 33.07 14.00
4 15.40 14.1") 11.03 33.98 25.40
5 21.82 1 ,, 24 II.1t, 32.73 18.05
6 22.61 13.56 13.06 34.44 9.83
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APPENDIX

OPERATION OF TIlE MODIFIED REAEROSOLIZER

The column first is cleaned with Sparkleen and water, rinsed well with water, and given a
final rinse with a 0. !% solution of Aerosol O.T. After the column is dried in a stream of dry atr. a
piece of Millipore filter paper is placed on the bottom head, which is clamped to the main coluni
with a McCarter's clamp. Tihe airflow gage-a rotameter--is connected to the bottom head with
Tygon tubing. A piece of weighed 11068 filter paper is placed on the top or sampling head, and this
filter paper in turn is clamped to the column with another MeCarter's clamp. The vertical tube on
the top head is connected to the vacuum pump by Tygon tubing. A powder sample of about 0.3
gram is weighed and placed on the Millipore filter paper by inserting the sample injiection tube in a
port in the side of the column. The glass stopper is inserted to close the port. The valves on the top
and bottom heads are turned to open the system from the airflow gage to the vacuum pump. Ihlen a
small quantity of dry air is carefully introduced through the bottom head to spread the powder
evenly. Now, with the top head valve closed, the vacuum pump is turned on, and the top head valve
is carefully opened to the preselected airflow. Upon reaching the desired airflow, a stop watch is
started. At the end of 10 minutes, the top head valve is turned so that the air vent tube leaks air
into the system. The McCarter's clamp at the top head and the glass stopper are now removed. With
a finger placed over the air vent tube, the resulting vacuum holds the powder to the filter paper. The
head is gently lifted from the column and inverted. The finger is now fcfiauved rwfa. the air vent and
the vacuum turned off. The powder and filter paper are weighed to fird the percent of powder
reacrosolized.
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