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Abstract

The Hosokawa powder tester has been used for years to
determine cohesion of bulk powders, including toner. For
the first time a method is demonstrated to measure cohesive
force distributions, rather than just average values, using the
Hosokawa tester. The method is demonstrated for toner,
varying surface additive composition and loading. Force
distributions are shown to be generally log-normal. Both the
mean and width of the distributions generally decrease with
increased surface additive loading. Thus, better flow with
additives decreases peak cohesion and distribution width.

Introduction

Surface oxide particles control xerographic toner flow,
charge™® and transfer.” While there are many methods to
measure flow of powder, including toner,’ all give only an
average value. This paper shows a novel Hosokawa tester
method that measures particle cohesive force distributions.

Experimental

Cohesion was measured on a Hosokawa Micron Powder
tester, with an added vibration sensor’ (300 mV output per
mm vibration). A standard Hosokawa test places a 2 g
sample on nested screens of varying size (150, 75, 45 um)
at fixed vibration, usually 1 mm, for 90 s, giving:

% cohesion = 500A + 30eB + [10eC (1)

A, B and C are toner weights left on each screen,
respectively. The weighting factor in Eq 1 increases with
screen size: toner left on a larger screen contributes more.
Cohesion for most toners here was too low to be measured.

The new method uses only one screen, testing
sequential 10 g samples at 6 different vibrations, from 1/10
to 1 mm for 90 s, weighing toner remaining on the screen.

Base spherical toner particles’ were blended with
additives at 16 Krpm on a sample mill.
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Results and Discussion

Powder Cohesion and Inter-particle Forces

Experimental toner cohesion data can be explained if
inter-particle forces are linear with % Hosokawa cohesion.’
Briefly, toner is an ensemble of agglomerated particles
whose cohesion follows a log-normal distribution (Eq 2 and
Fig 1a). N, is the number of particles experiencing an inter-
particle cohesive force F, while N, is the total number of
particles, and ¢ is the geometric standard deviation.
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(log F —log F)*
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Figure 1. Log cohesion distribution: a) number b) cumulative.
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Fig la shows log-normal distribution for samples O
and @ with different peak cohesion, but equal distribution
widths. Fig 1b is the cumulative log normal distribution, the
integral of Fig 1a. Also shown is the applied vibration force,
F . Particles of cohesion <F,, (to the left in the Figure) pass
through the screen, those >F,, will remain. If ® is replaced
by the less cohesive @, more toner passes (the F, line
“moves” from A to B on the distribution curve in Fig 1b). If
the vibration is decreased for @, less toner passes (F,
“moves” along the distribution curve from A to D).

Hosokawa % cohesion then has an associated F', that is
approximately linear with the cohesion force, as shown by
the fitted line in Fig 1b. The linear fit is a good, with +1-2
o from the peak. Only if the applied force goes into the
distribution tails, does the test become insensitive.

To keep the Hosokawa in the linear range over a range
of cohesion force, Carr” uses different size screens. It is
observed that a small screen requires a larger force
(vibration) to pass toner than a large screen. If all the toner
passes the largest screen, a smaller screen below still can
partitions toner linearly. By proper choice of screen sizes
and weighting factors the linear range can be maximized.

To produce a cohesive force distribution like Figure 1a,
data is plotted as the natural log of F,, (Eq 2.) Data is
collected in discrete intervals. The x-axis will plot the
natural log of the vibration on an interval. Vibration was left
in the measured mV. (Neither mm, nor mV, are force units,
the maximum vibration force applied, according to basic
physics, is proportional to vibration amplitude.) The y-axis
will then transform the data as Aw/Aln(v,,, - v,), where v, is
the vibration at data point i, and Aw = (w, -w,), is the toner
passed over the interval. Completing the y-axis
transformation, the data is normalized by dividing Aw by
2Aw, the total over all the toner that passes. This is
necessary to ensure that the curve areas normalize to 1. The
y-axis is thus transformed to a fractional population, which
enables observed curves to be fitted directly by Eq 2.

A suitable screen size was chosen to measure the full
cohesive distribution within the vibration range. For poorly
flowing toner, without flow additive, this was not possible.
With additives, all toners had sufficient flow to enable full
measurement of the force distribution.
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Figure 2. Cohesion distribution with 1 wt% TS530
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Figure 2 shows data for a toner with 1 wt% Cabot
TS530 silica on a 38 wm screen, capturing the full force
distribution. The fit to a log-normal distribution is
outstanding: only the width, o, and mean, u, of the
distribution are adjustable parameters. Generally, with all
three surface additives studied, there was a good fit to a log-
normal distribution. Data at two larger screen sizes is not
shown: while force distributions are cut off with these
screens it is possible to estimate a peak and width.

Figure 3 shows the effect of screen size on distribution
mean and width, showing a 1/(screen size) fit to the mean,
and a linear fit to the width. Increased screen size passes
more toner, as expected. Thus, smaller screens enable the
measurement of toners with wider cohesion distributions.
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Figure 3. Effect of screen size on the force distribution.
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Figure 4. Cohesive force distribution at 0.5 wt% TS530

Figure 4 shows lower 0.5% TS530. The distribution is
log-normal, shifted to a higher mean and width. Fig 5
summarizes results for 0%, 0.5% and 1% TS530. As
expected, more TS530 reduces peak cohesion. Broadening
at low silica is ascribed to inhomogeneous additive
distribution: some toner has more silica (flowing better) and
some less (flowing worse). At optimal loading all toners are
effectively coated with silica, and all flow well.
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Figure 5. Force distributions (fitted curves) with % TS530.
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Figure 6. Peak cohesive force with additive loading.

300 <

~#-TS530 Silica

n
a
S

=&—Titania B

=& Titania A

n
=3
S

150 4

=)
S

o
=}
N

Cohesive Force Distribution Width (mV)

T J
1.2 2.4

Additive Loading (%)

T
0.0 0.8

Figure 7. Cohesive distribution width with additive loading.

Flow with two different titania additives, coded Titania
A and B, was also studied. The data is not shown, but a
summary for all additives is shown in Figs. 6 and 7.

Figure 6 shows peak cohesion with additive loading.
TS530 and Titania B show equivalent cohesion, reaching an
asymptote of =80 mV at the highest 1% loading. Titania B
is less effective: at 2.1% the asymptote is =120 mV, and
thus requires over 2x more additive to reach optimal flow,
still 50% worse than the other additives studied.
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Figure 7 shows distribution widths with loading. Silica
and Titania B decrease monotonically with loading. Titania
A shows an initial increase in width, but an overall
decrease. The initial width increase is likely due to an
inhomogeneous distribution of additive, which improves at
higher optimal loading.

Conclusions

A novel method has been developed that measures cohesive
force distributions with a Hosokawa tester. The method was
demonstrated for varying surface additive type and loading.
Force distributions are log-normal. The mean cohesion
decreases with increased additive loading. At optimal addi-
tive loading there is a concomitant decrease in distribution
width. “Best” flow with additives is a combination of both
reduced distribution peak and width.

References

1. A. Stubbe, Proc. IS&T 7th Int. Congress on Adv. in Non-
Impact Printing Technologies, IS&T, Springfield, VA, 1991
p- 240.

A. R. Gutierrez, H. T. Nguyen, A. F. Diaz, Proc. of IS&T 8th
Int. Congress on Adv. in Non-Impact Printing Technologies,
IS&T, Springfield, VA, 1992 p. 122.

R. Veregin, C. P. Tripp, M. N. V. McDougall, Proc. IS&T
10th Int. Congress on Adv. in Non-Impact Printing
Technologies, IS&T, Springfield, VA, 1994 p. 131.

C. P. Tripp, R. Veregin, M. N. V. McDougall, and D.
Osmond, Langmuir 11, 1858 (1995).

R. Veregin, C. P. Tripp, M. N. V. McDougall, and D.
Osmond, J. Imaging Sci. Technol. 39, 429 (1995).

R. Veregin, R. Bartha, J. Imaging Sci. Technol. 45, 571-578
(2001)

H. Akagi, Proc. IS&T/SPIE Color Hard Copy and Graphics
Arts Symposium, IS&T, Springfield, VA, 1992 p. 1670.

L. Svarovsky, Powder Testing Guide: Methods of Measuring
the Physical Properties of Bulk Powders, Elsevier Applied
Science, New York, 1987

Y. Matsumura, T. Fuchiwaki and P. Burns, Proc. IS&T 17th
International Conference on Digital Printing Technologies,
IS&T, Springfield, VA, 2001, p. 341-344.

R. L. Carr, Chemical Engineering, Jan. 18 and Feb. 21
(1965).

Biography

Rick Veregin has a B.Sc., M.Sc. and Ph.D. in Chemistry. He
has worked at the Xerox Research Centre of Canada for the
last 17 years, where he manages the Developer Physics
group. His interests focus on the interface of chemistry and
physics in xerographic materials. He is an author of 54
papers, an inventor on 52 US patents, and a recipient of the
American Chemical Society A.K. Doolittle Award.



	8155
	8156
	8157
	8158
	8159
	8160
	8161
	8162
	8163
	8164
	8165
	8166
	8167
	8168
	8169
	8170
	8171
	8172
	8173
	8174
	8175
	8176
	8177
	8178
	8179
	8180
	8181
	8183
	8185
	8186
	8187
	8188
	8189
	8190
	8191
	8192
	8194
	8195
	8196
	8197
	8198
	8199
	8200
	8214
	8215
	8216
	8217
	8218
	8219
	8221
	8222
	8224
	8225
	8226
	8227
	8228
	8229
	8230
	8231
	8232
	8233
	8234
	8235
	8247
	8248
	8249
	8250
	8251
	8252
	8253
	8254
	8255
	8256
	8257
	8258
	8259
	8260
	8261
	8262
	8263
	8264
	8265
	8266
	8267
	8268
	8269
	8270
	8281
	8282
	8283
	8284
	8285
	8286
	8287
	8288
	8289
	8290
	8291
	8292
	8293
	8294
	8295
	8296
	8297
	8298
	8299
	8300
	8301
	8302
	8303
	8304
	8305
	8317
	8318
	8319
	8320
	8321
	8322
	8323
	8324
	8325
	8326
	8327
	8328
	8329
	8330
	8331
	8332
	8333
	8334
	8335
	8336
	8337
	8338
	8339
	8340
	8341
	8355
	8356
	8357
	8358
	8359
	8360
	8361
	8362
	8363
	8364
	8236
	8237
	8238
	8239
	8240
	8241
	8242
	8243
	8244
	8245
	8246
	8306
	8307
	8308
	8309
	8310
	8311
	8312
	8313
	8314
	8315
	8316
	8201
	8202
	8203
	8204
	8205
	8206
	8207
	8208
	8209
	8210
	8211
	8212
	8213
	8271
	8272
	8273
	8274
	8275
	8276
	8277
	8278
	8279
	8280
	8342
	8343
	8344
	8345
	8346
	8347
	8348
	8349
	8350
	8351
	8352
	8353
	8354



