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TABLE 1
The Qutcomes of Aggregate Collisions after Dominik
and Tielens (1997)

Case Energy Collisional outcome
(1 Eim <5 Erall Sticking without restructuring
(2) Einm5. B First visible restructuring
(3) Einrsl-ny - Eroll Maximum compression
(4 Em~3 ny - By Loss of one monomer
(5) Eon=10.n - By, Catastrophic disruption

Note. Here, Eim, Eron, Evr, and ny denote the impact energy, the energy for
rolling over a quarter of the particle circumference, the break-up energy, and the
number of contacts in an aggregate, respectively. 0

Dominik and Tielens (1995,96, 90 0 000000000000 OOODO

MATERIAL PARAMETERS

»* & G p a b
Material (ergsem™?) (dyncm™?)  (dyn cm™?) v (gem™3) (A) A) References
Quartz ........... 25° 5.4(11) 2.3(11) 0.17 2.6 3.44 1.84 1,23
Polystyrene...... 12 3.4(10) 2.1(11) 0.5 1.04 3.00 2.00 2,4
Graphite.......... 75 1.0(11) 3.8(10) 032 22 340 154 3,56
TEON oo 3000 21(12) 83(11) 027 77 224 224 23,7
TCe v 370¢ 7.0(10) 2.3(10) 025 10 336 336 23

>

2 Surface energy per surface.
® Measured for micron-sized particles.
¢ Estimated from H-bonding,
REerFeRENCES.—(1) Kendall, Alford, & Birchall 1987; (2) Physics Vademecum (Anderson 1981); (3) Israelachvili 1992;
(4) Kendall & Padget 1987; (5) Brocklehurst 1977;(6) Zisman 1963;(7) Easterling & Thélen 1972. O
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FIG. 1. Pull-off force versus reduced particle radius obtai

from direct force measurements between silica microsph
Each data point (solid circles) is an average value from st
adhesion measurements obtained with one pair of microspk
The dashed line represents the best linear regression fi
gives a pull-off force of—6 nN at vanishing particle radiu:
The best linear fit to the data points through the origin of
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an AFM cantilever. The scale bar indicateg.&.
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FIG. 2. Principles of rolling-friction force measurements with
particle chains (a). SEM image of a typical microsphere
aggregate precursor (b). Sequence of optical microscope
images taken every 2.5s during one bending-and-stretching
cycle of a microsphere chain (c). The forced up-and-down
motion of the lower end of the aggregate stems from a
piezoelectric stage which is not visible in the images. The
scale barsin (b) and (c) indicate 10 um.
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Fic. 6. Ratio of V./Vi vs V; for 1.27 um PSL spheres bouncing on a polished quartz target. The
curve is given by the simple theory [1] fitted to the data.
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F1G. 9—Velocity upon reflection, v,, as a function of the incident velocity,
;. Dots are the data measured for micron-sized polystyrene spheres bouncing
on a quartz slab. The line presents our best fit to this data.
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FiG. 6.—Sticking probability as a function of impact velocity for silica spheres of (@) 1.2 yum diameter impacting polished silica, (b) 1.2 um diameter
impacting a silicon wafer, (c) 0.5 um diameter impacting polished silica, and (d) 0.5 um diameter impacting the silicon wafer. The two solid lines in each plot
denote the upper and lower 1 ¢ uncertainty limit for the sticking probability. Additionally for the slowest and fastest collisions, the average values of the
sticking probability is shown as a constant value with each single collision marked in the way introduced in Fig. 5.
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TABLE 2

MaxiMuMm ENERGY Loss E,, INSIDE THE
UNOBSERVABLE VOLUME CLOSE TO THE
TARGET AND MINIMUM REBOUND
ENERGY E, RESULTING FROM
NONSTICKING IMPACT AT
CAPTURE VELOCITY

PARTICLE DIAMETER

ENerGY 12 um (J) 0.5 um ()
Ef .. 58x 10717 58 x 10719
E, . 70x 10717 70 x 10718
Eq. 13x 10716 7.6 x 1071
E 32x 10716 38 x 10717

Note—E,; and E, specify the contribu-
tions to E,, due to charge separation and
escape in a homogeneous electrical field.

TABLE 3
CAPTURE VELOCITY AND STICKING PROBABILITY OF ALL COMBINATIONS OF DUST SAMPLES AND TARGETS

Blum and Wurm (2000F,o OO OO0 0000000000000 8

Average Diameter Diameter Range Capture Velocity Sticking Velocity Range
Panel® (um) (um) Dust Sample Target (ms™Y) Probability (ms™?
a..... 12 Silica spheres Polished silica 1.1-1.3
b...... 12 Silica spheres Silicon wafer 1.1-13
0.5 Silica spheres Polished silica 0.13 0.5-18
0.5 . Silica spheres Silicon wafer 1.5-2.3
€.unnt 0.14 0.1-04 Diamond grains Polished silica ... 0.79 1-23
fo..... 1.5 1.3-19 Diamond grains Polished silica 23-32
- 0.54 0.2-1.0 Enstatite grains Polished silica 5-25 0.51 1-65
h...... 0.37 0.2-0.6 SiC grains Polished silica 0.70 1.3-75
i. 0.64 0.2-09 SiC grains Polished silica 3.2-53 0.56 1.8-70
j 10-90 10-90 SiC whiskers Polished silica 0.08 1-22

# The letters in the first column correspond to those in Figs. 6 and 12.
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FIG. 1. () Sketch of the experimental setup for the laboratory as well as for the drop tower experiments. () A video image from the dust jet emerging the
nozzle and reaching the target is shown.
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FIG. 5. TImages from the drop tower experiments IT. Dust agglomerates hit the m#1-gim-thick target (which is shown in (&) before any sticking occoursy from
below, (b—p) show a continuous series of images which were taken every 0.013 s According to Fig. 2, the impact velocities for &), (g}, and (plare v=1.4, 1.2,
and 0.8m s~ respectively For v > 1.2 m 57| sticking and reroval of particles are in approximate squilibrium (see circles in (b—d)), and for v < 1.2m 57! the

rapid formation of a compact dust agglomerate (shown inblack) canbe chserved
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TABLE II
Comparison of the Critical Velocity below which Compact
Agglomeration Starts for Three Different Dust Samples

Sample Grain size Threshold

material ag (pm) Grain shape velocity (m s™1)
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MgSiO; <125 Trregular 16...28
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TABLE 111
Comparison between Experimental and Model Values for the Threshold Velocities of the Collisional
Outcome Cases from Table [

Model velocity (m s~}
with old data for

Model velocity (m s~ 1)

Experimental with new data for

Case Energy velocity (m s~ 1) E.and E.° E.op and Ep. b
o)) Eim &5 - Eropy 0.20759 0.20+0.04° 0.047¢

) Eim 1 -ny - Erol 0.651512 0,69 £0.12 0.16

@ Ein /23 my - By 12402 1.0 0.14

&) Eim > 10-ng - By 1.9+03 1.9 0.26

@ Ero=1.7 % 10717 Tfrom Heim et al. (1999). By, = 1.3 5 107" J from Poppe ef al. (1999a,b).

b Bl = 9.5 x 10717 Ifrom Dominik and Tielens (1995). Epr = 2.4 = 10" Jfrom Chokshi ef al. (1993) and Dominik and
Tielens (1997).

¢ Valid for m = 60m,.
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