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ABSTRAC

The particle size distribution of kaolin processed on a 69-
inch Bradley mill was found to be finer than the particle size
distribution of the same kaolin processed on a 66-inch Raymond
mill. The reason for this phenomena is not clear. The shearing
action in the Bradley mill must be greater than in the Raymond
mill.

The particle size determinations comparisons were made using
two deflocculants, i.e., 0.1% hexametaphosphate, and 0.05% sodium

polyacrylate 211. The hexametaphosphate was found to be the better
deflocculant for this particular clay.

Different ultrasonic treatments were used in dispersing the
kaolin. There was very little difference between the results of
an 8-minute and 12-minute treatment in most cases.
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BACKGROUND

Gene Moore, Plant Superintendent, and Gene Herman, President
and Sales Manager of Wilkinson Kaolin, mentioned the fact that
numerous particle size analyses had revealed a difference in the
particle size distribution of kaolin processed in a Raymond mill
versus the same kaolin processed in a Bradley mill. The Minerals
Research Laboratory decided to investigate to prove or disprove
this observation. Furthermore, the MRL decided that the
investigation should include the use of two different but widely
used deflocculants (hexametaphosphate and sodium polyacrylate 211)
in order to: 1) test the dispersing characteristics of the two
and 2) ensure bias due to the characteristics of the deflocculant
was not introduced. Different ultrasonic treatments were also
investigated to determine the optimum treatment necessary to
achieve the ultimate size distribution.



PROCEDURE

Sample Preparation

Approximately 2.5 grams of kaolin was weighed out on digital
balances. This sample was then placed in a 40 ml. Pyrex glass
beaker, which was filled with either a 0.1% solution (by weight)
of hexametaphosphate or a 0.05% solution of sodium polyacrylate.
Deionized water was used as the liquid, and one drop of photoflow
was added as a surface tension reducing agent. The beaker and its
contents were then placed in a Branson ultrasonic bath where it
remained for the time period shown (Figures 1-21). After
ultrasonic treatment, the slurry was stirred for 4 minutes with a
magnetic stir bar, and was then pumped into the sample cell of the
Micromeritics 5000E Sedigraph that had previously been zeroed with
deionized water containing one drop of photoflow. Following these
procedures, the particle size distribution was measured.

Specific Gravity Determination

The true specific gravity of the kaolin must be determined in
order to determine particle size. This value was determined with
a Beckman Model 930 air comparison pycnometer. The pycnometer
measures the volume of the sample by comparing the difference in
air displacement caused by the presence of the sample against the
known volume of the sample container. The measurement is made
directly in cubic centimeters. The sample was weighed on a Mettler
AC 100 digital balance and the specific gravity was calculated as
follows:

W (grams)
S. G. =

Volume (cc's)

Particle Size Analysis
The particle size distributions were determined with a
Micromeritics 5000E Sedigraph (see Figures 1-21). This instrument
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measures the sedimentation rates of particles dispersed in a liquid
and automatically interprets this data in accordance with Stokes'
Law to yield a cumulative mass percent distribution in terms of
equivalent spherical diameters.

The instrument determines, by means of a finely collimated
beam of X-Rays, the concentration of particles remaining at
decreasing sedimentation depths as a function of time. The
logarithm of the difference between initial (time = 0) and
instantaneous (time = t) transmitted X-Ray intensity is electroni-
cally generated, scaled, and presented linearly as "cumulative mass
percent finer" on the Y axis of an X-Y recorder. To minimize the
time required for analysis, the position of the sedimentation cell
is continuously changed so that the effective sedimentation depth
is inversely related to elapsed time. This cell measurement is
independently coordinated with the X-axis of the X-Y recorder to
indicate the equivalent spherical diameter corresponding to the
elapsed time and instantaneous sedimentation depth.

DISCUSSION OF RESULTS

As stated in the Background section of this report, the
objectives were to: 1) determine the optimum ultrasonic treatment
for clay produced by the Bradley mill and Raymond mill (the clay
feed stock to both mills was identical), 2) to compare the particle
size distributions determined by using both hexametaphosphate
(Calgon) and polyacrylate 211 at different ultrasonic treatments,
and 3) compare the optimum particle size distribution obtained for
the Bradley mill and Raymond mill products.

As can be seen from Figure 13, the optimum particle size
distribution of kaolin produced from the Bradley mill using 0.1
percent hexametaphosphate was found to be obtained with an 8 minute
ultrasonic treatment. The twelve minute treatment produced a
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distribution identical to the 8 minute treatment, except at the
0.25 micron level. At that level, the percentage of particles for
the 12 minute treatment were slightly less than obtained for the
8 minute treatment. This is not thought to be significant since
the accuracy at these very fine sizes diminishes. The addition of
0.1% hexametaphosphate had been found to be optimum for Wilkinson
clay in previous experiments. Actually, Micromeritics, Inc.
recommends 0.05% for kaolin; however, MRL found that this dosage
was not sufficient to disperse this particular kaolin.

Figure 14 indicates that a 12 minute ultrasonic treatment with
0.05% polyacrylate was slightly better than either a 4 minute or
8 minute treatment for clay produced in the Bradley mill. The
results of this test, when compared with those of Test 13,
indicated that the hexametaphosphate was the better deflocculant
of the two. This can be seen by the differences in fineness for
particle sizes of one micron and smaller. This observation proved
to be true in all future tests, as can be seen from the particle
size distribution curves.

A twelve minute ultrasonic treatment gave the best results for
the Raymond mill clay product dispersed with hexametaphosphate.
(Figure 15) At first, this seemed to be inconsistent with the
observation of the particle size distribution obtained with the 8
minute ultrasonic treatment of the Bradley mill product using 0.1%
hexametaphosphate as a dispersant. However, when one reviews all
of the particle size distribution curves, it can be readily seen
that the Bradley mill product is slightly "finer" in every case and
therefore appears to be better delaminated than the Raymond mill
product. This makes it easier to disperse because of the larger
exposed surface area.

The twelve minute ultrasonic treatment on the Raymond mill
product shown in Figure 15, where 0.1% hexametaphosphate was used,
is finer than the same treatment shown in Figure 16, where 0.05%
polyacrylate was used. This is also shown in Figures 9 and 12.
Once again, this indicates that the hexametaphosphate was a better
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dispersant than polyacrylate. At this point, one might ask why
0.1% polyacrylate (or even more) was not used to increase
deflocculation. This was because it was found early in the
investigation that higher dosages than 0.05% resulted in an even
coarser particle size distribution. (See Figures 19, 20, and 21.)
This is evidence of a reversal in behavior of the polyacrylate
dispersant when a higher dosage was used, which was caused by the
"bridging" effect associated with this dispersant.

Figures 17 and 18 show another comparison of the twelve minute
ultrasonic treatment time of both the Bradley and Raymond mill
products which had been dispersed with 0.05% polyacrylate 211 and
0.1% hexametaphosphate. (See Figures 9 and 12) In both cases, the
Raymond mill product had a coarser particle size distribution, as
was shown by earlier experiments.

In summary, the Bradley mill produces a finer particle size
kaolin than does the Raymond mill. The reason for this is unknown
at this point. Perhaps the Bradley mill shears the hexagonal clay
plates apart more efficiently than does the Raymond mill. Possibly
other factors entered into the picture at the time the samples were
taken, such as mill loading or the relative velocities of the
respective air separators of the two mills.
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CONCLUSIONS

The particle size distributions of clay processed on the
Bradley mill were finer than the same clay processed on the
Raymond mill regardless of the treatment used.

The particle size distributions of clay deflocculated with
hexametaphosphate were always finer than the particle size
distributions of the same clay deflocculated with polyacrylate
211, regardless of the mill used.

Larger additions of sodium polyacrylate 211 results in coarser
particle size distributions, indicating that either a reversal

in charge on the particle is taking place or a bridging effect
is occurring.

An ultrasonic bath treatment of 8 minutes was sufficient for
the Bradley mill product dispersed with 0.1% hexametaphosphate
while 12 minutes was needed for the same product dispersed
with 0.05% polyacrylate. This is in contrast to the 4 minute
time used by most kaolin producers.

A 12 minute ultrasonic bath treatment was required to fully
disperse the Raymond mill product using 0.1% hexametaphosphate
as the dispersant. There was very little difference in the
particle size distribution between the 12 minute and 8 minute
ultrasonic treatment for the Raymond mill product dispersed
with 0.05% polyacrylate 211.
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FIG. 18. PARTICLE SIZE DISTRIBUTION

RAYMOND MILL VERSUS BRADLEY MILL
(DISPERSANT: 0.1% HEXAMETAPHOSPHATE)
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FIG. 17. PARTICLE SIZE DISTRIBUTION
RAYMOND MILL VERSUS BRADLEY MILL

(DISPERSANT: 0.05% POLYACRLYATE 211)
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FIG. 17. PARTICLE SIZE DISTRIBUTION

RAYMOND MILL VERSUS BRADLEY MILL
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CUMULATIVE MASS PERCENT
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PARTICLE SIZE DISTRIBUTION
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CUMULATIVE MASS PERCENT

Figure 4
PARTICLE SIZE DISTRIBUTION
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CUMULATIVE MASS PERCENT

PARTICLE SIZETisTRIBUTION
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CUMULATIVE MASS PERCENI

SAMPLE IDENTIFICATION _. .

Density 2:62 gicc LQuUID 0-05% Poly A_

12 min. Ultrasonic,

Preparation

4 min. stir

~.Bradley Mill Kaolin. - -

PARTICLE S1IZBBisfriBUTION

_ Density 0:9941g/cc  Viscosity 0-7223,

Poly A _Polyacrylate 211

RATE 934 START DIA. .#-75%

pate 7/7/91

gy _JTT

TEMPERATURE ~}_5_,, N

100 t—

90 =

80 ottt

70 |=
60
png 64 .l »-.i}: :..:.: g S =
<0 i - 4 s ‘:i =
40 —= - et = e e s
3] Faes s = SRS Reneel bttes = > e —
» S e 5 e X S
- et o L S I - e e — ; pgil SOSEDEREbaN
20 %9 20+
- - - o
‘o Anv & DR - oo oo - e - e
EXE BRI R i 1 -— — - — - -
0.6 0S5 0.4 0.3 0.2 0.1

° r
100 80 60 50 &0 30 20

-4

At

m micromenritics °

vt nstrument corporation

EQUIVALENT SPHERICAL DIAMETER, um

Form 500/42701



Fi 7
PARTICLE SIZE DISTRIBUTION
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CUMULATIVE MASS PERCENT

Figure 8
PARTICLE S&E DISTRIBUTION
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CUMULATIVE MASS PERCENT

PARTICLE 2R 5isTRIBUTION

Raymond Mill Kaolin o DATE _ .. 2/4/91 = _

SAMPLE IDENTIFICATION _ .. .

Density 2.62. g/cc LIQUIDD .1 Hexametaphosphdesesity 0.9941g/cc  Viscosity 0.7225p BY ~JTT
12 min. Ultrasonic bath, 4 min. stir ) TEMPERATURE 35 ___°C

RATE __934__ START DIA. -70 um

Preparation

100 |1

90

80 bt —————

50 —— = S Sodes T — 50 = —1 —

- - o

ppa g By pon I < A~ =
ind - e = w——— o - .- - = . - . . . o it bt
LTI — ]! e Py Eatneg S ES TR
- 30 . A -
30 ) pwpes ; POy pHpUIERE T — oy s Py popoe pesem—
Y 400 PN 9 by < - o
pasiiis y DIPOY P8 pove o
T
—— Fo — : - — + - teredee
o SO 1y ; ; s o1 ; b o poieny
2 ———— - [ .__..E - 20~ ¥ | SUiihe 3 ‘
0 - — p
——F e pos it 0% & E PGS
SR 04 ¢ b
et Poe ey SRR [ -
10- G S
10 S e e = 12 4 2 : e espreme
ISP} (SpEpURNy EESEEDAIp O} SIDQEHR P —f .- . ‘ Souty 5y

ponpi Pyt =TIz " POOSY e pe pebiney

Yoo = P popy o E—— POSUY Damry W poses g P
- pop ~ po bawe — praneng SpEibdinpatniutl

e et Soeet Chnby s e - - ot P e = = T

100 89 60 SO 40 30 20 10 8 6 5 4 3 2 1 0.8 0.6 05 04 0.3 0.2 [ 2]

EQUIVALENT SPHERICAL DIAMETER, um
.

X - [ ) - 9
Tl | micromerittics
nscrumentc COPDOPaClOH
Form 500/42701



CUMULATIVE MASS PERCENT

PARTICLE $2¥ BISTRIBUTION
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CUMULATIVE MASS PERCENT

PARTICLESTZE DidTRIBUTION
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Preparation .8 min. Ultrasonic 4 min. stir . __ S, TEMPERATURE __35 °C

deflocculated with 0.05% Polyacrylate 211
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CUMULATIVE MASS PERCENT

SAMPLE IDENTIFICATION .. ___ .

Density 2.62 g/ec  LIQUID

Preparation .

0.05 Poly A

PARTICLE $2¥ BisTRIBUTION

__Raymond Mill Kaolin _ _ _

Ultrasonic 12 min., stir 4 min.

Density 0. 994 1 g/ce Viscosity 0. 72%8

DATE 2/7/91
BY JTT

TEMPERATURE _3~5 —..°C

deflocculated with 0.05% Polyacrylate 211 934
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CUMULATIVE MASS PERCENT

pARTICLE S¥ BisTRIBUTION

SAMPLE IDENTIFICATION ~ Raymond Mill Kaolin paTE . 2/4/9Y

Density 2.62 g/cc LlQUlD,,Q;},%-,PC’lY,A ——— Density 9,1.9.9.,4.,1Ag/cc Viscosity -A_O'J,Q%é By .. ..J9TT - I

Preparation . Ultrasonic 8 min., stir 4 min. . S R TEMPERATURE 36 °C
deflocculated with Polyacrylate 211

RATE _.953... START DIA. .70 um
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CUMULATIVE MASS PERCENT

100 [ —1a0 =
s
1357 Erp e

SAMPLE IDENTIFICATION
Density ...

Preparation

2.62

4. g/cc  LIQUID _.

Raymond Mill Kaolin
0.15 Poly A

__Ultrasonic 4 min., stir 4 min. _

Figure 20
PARTICLE SIZE DISTRIBUTION

0.9941

Density _g/ce

Viscosity

0.7223,

deflocculated with Polyacrylate 211

2/4/91

DATE
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TEMPERATURE _ 35 _°C
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CUMULATIVE MASS PERCENT

pARTICLE $8¥ BistkiBUTION
2/4/91

SAMPLE IDENTIFICATION . . ... Raymond Mill Raolin — _ opate .. 205070 .
Density 262 g/cc  LQuiD 13 Poly A pensity 0:2237g/cc  Viscosity 0.7083, By . JTT .
Preparation _Ultrasonic Bath.4_min... stir 4 min.. TEMPERATURE ..__36 _ .__°C
deflocculated with Polyacrylate 211 ,
- R e RATE 953 __ START DIA. 70 um
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