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Abstract
Split-flow Thin (SPLITT) fractionation: is a new family of separaticn techniques for

macromolecules, colloids, and particles. Gravitational SPLITT fractionation is the
choice for separation of dense and micron sized particles due (o its simple and easy
instrumentation. One of the important applications from gravitational SPLITT
iractionation is on abrasive materials because the size distribution of abrasive materials
is crucial to their performance and applications. Gravitational SPLITT fractionaticr.
was usec for removing the oversized particles anc narrowing the size distribution of
ebrasive materials using diamoend, cerium oxide ard aluminrum oxide as examples.

~he cut-off sizes on these abrasive materiais were tested with a throughput about 3.0
g/hr for removing the oversized particles. The size distributions of fractionated
sample and photomicrographs show successful applications in removing the oversized
particles.  Scaling up the throughput of SPLITT fractionation is feasible by increasing
the channel length and channe! breadth. Cravitational SPLITT fractionation is very
oromising for applications of abrasive material industry in removing oversized partic.es
and narrowing their size distributions.

Keywerds © Split-flow Thin (SPLITT) fractionation. ~ particle separation - abrasive particles
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The theory on SF operation and cutoff diameter (d, ) has been previously shown in

literature[1,4,5,8]. Here we only summarize the required results as a background for calculation

used in this study. The volumetric flowrate of filament traversed by the particles is given by

Al =bLU (1)
where b is the channel breadth, U is the field induced velocity on sample, and L is the channel

length measured between the inlet and outlet splitting edges. When transport is driven by
gravity as in this study, U is given by

2

(.- pd -
18n

Where G is gravitational acceleration, py is the particle density, p is the carrier density, 1 is the

carrier viscosity, and d is the diameter of spherical (or equivalent) particle. The substitution of
equation 2 intc equation 1, we get

U=G




_ (p-p)d
AY =bLG—10 (3)

The important thing is the relative magnitude of A}/ and V (1), the latter being the volumetric
flowrate of the transport lamina. It can be expressed as

V=V @-y@=ye -y @
where J/(a) and J/(b) are volumetric flowrates of outlet aand b, and J/'(a') and J/(b") are
the volumetric flowrates of inlet a’ and b’, respectively. For present purposes, we assume that
all particles for which A ]V > V (1) will emerge from outlet b. Particles of less or equal to
AY/ , such that A ]V < V (1), will emerge from outleta. Therefore the cutoff value of AJ/ is
given by

Ay .=V® )

The cutoff value AVC specifies the cutoff diameter d..  Thus from equations 3 and 5, we get

= uyr, —prg L=
M\ )— VC - 1877 (6)
and d. is therefore expressed by
d.= RL408 N

bLG(D,~ P)

In principle, all particles smaller than or equal to d, exit at outlet a while particle larger than d.
exit at outlet b. The cutoff diameter d, can be adjusted by tuning the flowrates of inlet and cutlet
substreams according to equations 4 and 7.

=R F ik

The channel length and breadth of the channel used in this study were 20 cm and 4 c¢m,
respectively. For removing the oversized particles, the channel thickness consisted of top spacer
(0.0127 cm), splitter (0.0127 cm), and bottom spacer (0.0127 cm) with a total thickness of 0.0381
cm. The calculated void volume of this channel was 3.05mL. Operation was carried out at the
ambient laboratory temperature of 23 + 0.3°C. The carrier solutions used for CSF experiment
were 0.1% sodium hexametaphosphate (Aldrich, Milwaukee, W1, USA) in the deionized water
with a density 0£0.998 g/mL. The diamond abrasive with density of 3.51 g/mL was obtained
from Struers (Westlake, OH, USA). The aiuminum oxide abrasive with density of 3.99 g/mL and
the cerium oxide abrasive with density of 7.13 g/mL were obtained from Aldrich (Milwaukee, WI,
USA). A Teflon rotary valve 5025 with loop volume of 3.5 mL from Rheodyne (Cotati, CA,
USA) was used for sample injection in optimization experiment. A LC pump (SSI series IJ,
State College, PA, USA) and a QD-C pump (FMI, Oyster, N'Y, USA) were used for most of the
experiments. A micro-tubing pump (Eyela, MP-3, Rikakikai, Tokyo, Japan) was used for the

2



continuous sample introduction of abrasive particles in the CSF experiment. Mylar strips were

placed symmetrically on the splitter in all of this study.
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Figure . Schematic diagram of gravitational SPLITT fractionation

The fractional retrieval of sample emerging from outlet b, Fb, (and thus the fraction with

diameter d > d,) was calculated from the following equation

Fb = ®

NamNp

where N, and N, are the number of particles exiting at outlets a and b respectively. Itis clear
mathematicaily that the sum of Fa and Fb is equal to 1.

Tmage-Pro Plus software (Silver Spring, MD, USA) was used to evaluate the size
distribution of abrasive particles before and after SF operation. The particle images are taken
from different portions of slides, a minimal number of 400 particles were counted in each fraction.
Size selectivity (Sd) was defined as quantity of size d entering the coarse fracticn divided by

particle of size d in feed [14].

m s ERET W
The applicability of SF on abrasive materials was illustrated with diamond, cerium oxide, and

alumina oxide abrasives. The particle size distributions of original and fractionated abrasives

were analyzed using Image-Pro Plus software as described in the experimental section.

Diamond abrasives
~he SF of diamond was used to narrow its size distribution for better product performance.




The purpose was to remove the oversized particles with diameters greater than 3.8 um. The

appropriate flow conditions calculated from equation 7 with Ap =2.53 g/mL are V(a' y=5.0

mL/min., J/()=20.0 mL/min., J/ (a)=15.0 mL/min., J/ (»)=10.0 mL/min. These flow rate

conditions were used in removing oversized diamond abrasives in SF.  The photomicrographs
and particle size distributions of diamond abrasives before and after SF are shown in Figure 2.

It is clear that the oversized particles are removed efficiently even with small leakage from small
particies. The size distributions of original mixture and the collected fractions of diamond

shown in Figure 2, indicate good fractionation.

Cerium oxide abrasives
Figure 3 shows photomicrographs and particle size distributions of cerium oxide abrasives before

and after gravitational SF with cutoff size (dc) of 3.4um. The flow rate conditions used were
IV (a")=5.0 ml/min ]V(b') =20.0 ml/min }/ (a)=20.0 ml/min, and ]V(b') =5.0 ml/min. The flow
rate conditions and A p( 6.15ml/min ) of cerium oxide abrasives were consistent with equation 7.

The oversized particles were also removed effectively, as show in Figure 3.

Alumina Oxide abrasives

Figure 4 shows photomicrographs and particle size distributions of alumina oxide abrasive before

and after gravitational SF with cutoff size (dc) of 4.4 um. The flow rate conditions used were
¥ (a)=5.0 ml/min 7 (6')=20.0 ml/min }/ (a)=20.0 mi/min, and 7/ (6)=5.0 ml/min. These flow

rate conditions were also consistent with theory as in equation 7.

Figure 5 shows the fractional retrieval of sampie emerging from cutlet b, Fb. It is clear
demonstrated the cutoff size (dc) is 3.8 pm for diamond abrasives, 3.4 um for cerium oxide
abrasives, and 4.4 um for alumina oxide abrasives.

The results confirmed that Gravitational SPLITT fractionation is useful for removing the
oversized particles and narrowing the size distribution of abrasive materials using diamond,
cerium oxide and aluminum oxide. The size distributions of fractionated sample and
photomicrographs show very successful applications in removing the oversized particles.
Scaling up the throughput of SPLITT fractionation is feasible by increasing the channel length
and channel breadth. Gravitational SPLITT fractionation is very promising for applications of

abrasive material industry in removing oversized particles and narrowing their size distributicns.
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Figure 2 Photomicrographs of diamond abrasive before and after gravitational

SPLITT fractionation
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Figure 3 Photomicrographs of cerium oxide abrasive before and after gravitational
SPLITT fractionation
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Figure 4 Photomicrographs of alumina oxide abrasive before and after gravitational

SPLITT fractionation
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Figure 5 The fractional retrieval of sample emerging from outlet b, (Fb)
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