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EVALUATION OF LABORATORY EGUIPMENT FOR COATING COLOR PREPARATION w E o8Ks

Evaluation of the Cowles Dissolver for Dispersing Clay Slips

INTRODUCTION

This report will serve as a continustion of Report No, 29,
Project 1956 and will deal with the evalustion of a Cowles Diégolver for
dispersing clay. Included in this report is a comparative summary of
an attempt tﬁ study the relative efficiency of a number of methods for

dispersing pigments for use in coating color formulations,

o

el

The methods that have been evaluated include the following: g
1. Ball mill (Abbe 1 gallon j&f)i 2. Propeller mixer (Model V Lightmint
lsboratory stirrer); 3.'H0mo-¥ﬂxer (Eppenbach SS Size No, 1, 1/4 h.p., .

. 8000 r.p.m.); 4. Kady Mi1l (Model O, 20 h.p 5. Baker Perkins (2-1/2

" " “'géllon slow-speed sigma blades, 2 h.p.); 6. Charlotte Colloid Mill (1 h.p.);

and 7, the Cowles Dissolver,

Other types of mixers which were not included but have been

mentioned in the literature are: 1. the two-wheel muller (see Simpson

Muller) which has a slow rate of production, is difficult to clean and
requires that the consistency be carefully controlled for proper operation;

o LA 2, ‘the hammer mill which can handle paste-like consistencies, probably

" would require much maintenance; it is not used to any great extent for
K O :
coating color preparation; 3, the multi-roll mill, a high rate of production
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disperser being used by only a few mills, not suitable for hard oigments
but can randle high solids and produces high oguality coatings; 4. the

disk-type mill is sald to have a high rate of rroduction and is rec-

ommended for use up to 60% solids; and 5, the ribbon-type mixer,which

handles fairly high solids coatings, is widely used, The maintenance
of the latter is high because of a tendency for leaks at the bearings,

It has 2 slow rate of production and tends to entrain air,

~

The Cowles Dissolver, Model 5-VT, used in these trials was pur-
chased after a three-month loan period., According to the supplier,
Morehouse-~Cowles, Inc., the Medel 5-VT Dissolver is a mixer characterized
by a sew-tooth impeller and a means for tilting the mixing head so as to
simplify batch changes, It is belt-driven by a 3 h.p., 3495 r.p.m., 220/uh0-|

volt, 3-phase Louis Allis Company induction motor.

There are four different impellers supplied with the unit; a 4-inch
double-acting impeller (the teeth are alternately bent uo and down), 6-inch
single-acting impeller (all the teeth are bent in one direction), 6-inch
double-acting impeller, and an 8-inch double-acting impeller, They must be
run in a clockwise direction (as seen from the top) with the sloping edge of

the vane advancing.

The f-inch diameter impeller is for use in large batches (25-40
gallons) of liquids (1-500 centipoises)} where simple agitation is desired.
It can also be used in very heavy dispersion work where the batch is small
(under five gallons). In this type of process the impeller is run very
close to the bottom of the tank, usually not more than two'inches from the

¢
bottom. It should not be run faster than 5010 revolutions per minute.
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“he 5-inch diameter double effect impeller is used at spead
ranges of from 1700 to 5600 feet per minute. This impeller is often sub-
stituted for tre L-inch impeller when the latter fails to maintain circulation

at the desired consistency. Do not run faster than 5650 feet per minute,

The 6-inch diameter single effect impeller can be used nearer the
hottom of the tank and permits the use of smaller batches, Do not run

faster than 5650 feet per minute,

The #-inch diameter impeller is usually the one tried first,
Speeds of approximately 4000 feet per minute are most popular (see Table I

for recommended speeds), Never evceed 4320 r.p.m. Table I sugzests impellers

and speeds for use in fluids according to the viscosity.

The limiting factors on batch sizes are ﬁiscosity and motor load.,
Higher speeds are used for hard dispersion or disintegration work, In
general, the Dissolver is run at impeller rim velocities of 2500 to 5000
feet per minute, The 5-VT Dissolver will generally handle batches from
5 to 40 gallons at viscosities of approximately 50,000 to 100 centipoises,

respectively.
-~

Table II, Operating Data, gives the sheave (V-belt pulley) sizes

to be used to get different impeller speeds,
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TABLE II
QPERATING DATA
Sreave Data Shaft Data Impeller Speed - Ft./min,
Motor Driven Ratio RPM 4.in, dia., 5%-in. dia, 8-in. dia,
L 12 333 1200 1260 1820 2510
b . 10 400 1440 1515 2240 3020
6 12 500 1800 1890 2820 3760
6 10 . 600 2160 | 2270 3500 4520
L é 666 2400 : 2520 3960 5010
10 12 .833 | 3000 3150 4700
6 .6 L.000 3600 3780 5650

12 10 1.200 4320 W420
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TROCEDURE

The Cowles Discolver was fitted with the L4-inch Jiameter double
acting impeller and the speed set at 4320 r.o.m. by using a 12-inck dismeter
V-belt sheave on the motor and a 1l0-inch dizmeter sheave on the driven shaft

for a sheave rztio of 1.200,

The tank used was 1% inches in diameter and 1% inches high and had

a capacity of 13.8 gallons,

The clay used was "Premax", a premium quality clay from Georgia
Kaolin., The brightness is in the range of 87-89 anZ the particle size

is 95% below 2 microns.

)

Clay slips were prepared, duplicating the formulations of the
clay slips used in'studying the other makes of laboratory dispersing eguip-
ment described in Report 29 of Project 1956. The slips were tested for
solids, density, viscosity (at equal solids), and particle size (electron

microscope and rate of settling).

EXPERIMENTAL

EFFECT OF TIVE OF MIXING
ON VISCOSITY

Formulation 1819-&4

Matefial Parts by weight, gz.
"Premax" clay 12,000
Quadrafos L2
Water 5,160

The ingredients were mixed by adding. the clay slowly to the

\
Nuadrafos solution which was under agitation using the Cowles Dissolver
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at the given settings. It took 2 few minutes to add the clay. Thke batch'
was mixed an additional ten minutes and the solids content and viscosity
_checked,

Solids content: 69.86%

3rookfield Model LV viscosity, Spindle 1

& 372.0
12 237.5
30 137.0
60 94,5

In order to compare the viscosity with the viscosities of the
previous type dispersed clay slips of Report 29, Project 1955, the formu-

lation was diluted to the common solids content of 49.6% and the viscosity

checked,
Brookfield Model LV Viscosity
§pindle 1 Spindle 2
REM T ep. _cp.
12 202.5 212.5
30 119.0 125
60 22.5 20

Formulation 1819-65 is the same as Formulation 1819-64 but was
mixed an additional 30 minutes and the viscosity and solids content determined,
Solids content: 70.19%

Brookfield Model L V viscosity, Seindle 1

REY Cpe
6 320.0
12 202,5
30 1156.0
&0 78.5
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The formulation was diluted to a solids content of %9.4% an? tre

viscosity checked.

tindle 1 Spindle 2
w CE. CE-
6 290.0C 210.0
12 125.0 127.5
20 109,0 110.0
&0 .5 775

MAXTMUM SOLIDS
A study was made of the capability of the Cowles Dissolver to
prepare ¢lay slips of high solids contents.,

Formulation 1819-71:

“ater, 30 1b,, and enough Quadrafos (0.26 1b,) to accommodate
about 75 1b. Premax clay at a concentration of 0.25% Quadrafos per clay
solids was mixed by the Cowles Dissolver, The ¢clay was added slowly.
After 2bout 74 1b, of clay had been added, trouble developeq in the belt
drive. The belt tended to twlst inside-out and ride off the sheaves, The
sheaves were qlightly out of line., They were shimmed into alignment and
the belt was pulled extremely tight. The amperage required for this load
was sbout 3.5 to 4.5 as measured by a clamp-on ammeter. The motor was

rated at 8,5 amps.

The formulation was mixed =n additional 40 minutes over the 10 to
15 minutes required to add the clay. The viscosity and solids content were
determined.

Solids content: 70.82%

Brookfield Model LV viscosity, Spindle 2

RPM Cp.

6 : Lig,0
12 280,0
30 165.0

N S 1175 e e st o i
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Formulation 1R19-73:

Additional c¢lay was added'tq Formulation 1R19-71 with mixing.
A small amount of c¢lay, 50-100 g., was added at 2 time, A deposit
collected on the side of the bucket in the form of small, undisversed
clumps of clay., After 5-15 minutes the deposit was seen to disappear.
This was continued until an additicnal 7-8 pounds of clay had been added.
Upon examination of this formulation after about 4-5 hours total adding
and mixing time, it was noticed that there were many small undispersed

particles throughout the coating.

Water was then added in small quantities and mixing continued
until the small, undi;persed particles in the coating seemed to disappear.
The total mixing time was about eight hours, The solids content and vis-
cosity were determined.

Solids content: ?3:5%

Brookfield thél’LViéiscosity, Spindle 3

RIM - Cp..

6 - 5900
12 4000
30 1980
60 1300

The formulation was diluted to a solids content of 69.6% and the

viscosity checked,

Spindle 2

REM __cp.
6 810.0
12 600,0
30 372.0
60 .. 62,5

After close examination of the coating at 73.5% solids, it appeared

that some tiny grit-llke partlcles were still present.

. — [ —— S O O oy S SO
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Tormulation 1£19-75:

Formulation 1°19-73 was further mixed and Jiluted by steps until
after several hours the clay slip appeared to bove a smooth grit-free
texture. The solids content and viscosity were determined.

Solids content: 72.24%

Brookfield Model LV viscosity, Spindle 2

6 3900
12 2520
¢ 30 1300
60 796

The formulation was diluted to a solids content of 49.67 2nd tte

viscosity chkecked,

‘ Spindle 2
6 825
12 600
30 370
60 ' 250

The viscosity values of the above prepared clay slips are given in
Table ITI for comparison with the viscosity values of the clay slips prepared
with the other types of laboratory dispersers described in Report 29,

Project 1956,
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RESULTS AND OBSERVATIONS

The 20 h.p. Kady Mill produced clay dispersions having the lowest
viscosities, The Charlotte Mill gave the next lowest viscosity followed by
the 709 dispersions made in the Cowles Dis,solver, Homo-Mixer, Baker Perkins
Mixer, Lightnin' Mixer, and the Abbe'Ba:ILl Mill respectively. The high
solids (72.2 and 73.5%) dispersions,médefélthﬁthq<00wles Dissolver were
highest in viscosity on diluticon to a common solids content, This may be
due to insufficlent electrolyte for deflocculating the clay in a fine state

/

of subdivision or to some other affact such as entrainment of air.
«’”" ;rf A
RN L

The Baker Perkins sigma bladd ﬁ)i-’!'tei'}produced dispersions with

the highest per cent of fine particles. . However, the mixing time was long,
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The Kady Mill used ftas an elevated rator and could not be used
successfully if the amount of material used did not cover the rotor, The
Kady Mill Model O (not the small laboratory mill), on the other hand, has
a real advantage in that it can be used for preparing tke finsl coating
color including the adhesive without entraining air, it is claimed, Indesd,

it has been suggested for use for deaerating on-machine coating color,

The Crarlotte Mill did not work well with high solids content
clay dispersions, unless the gap between the rotor and stator was in-
ereased to about 0.03 inch. It performed well on meore fluid mixes; such

as might be used with an air doctor.

The Eomo-Mixer, being an imvact type of mixer, would probably
show up better if the time of mixing had been increased and the gap between

the stator and rotor regulated.

Future work should bgébably include the "relative sediment volume.™
According to Robinson (1) the;gglative sediment volume is completely
independent of particle size, although affected by the ratios of particle
dimenslions and proportions present. He also notes that a high relative
sediment volume of very small particles is an indicatlion of a high degree

of particle agglomeration just as it is with large particles.
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ipure 1

1475-160
Premax Clay, 72.2% Solids
Mixed with Model V Lightnin Mixer for 30 Minutes
22,000%
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smax Clay, 69,9% 30lids

Mixed with

Fipgure 2

1919-25

4 h.o. Homo-Mixer for 20 Minutes

1
a
(45 minutes total time)

22,000X
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Figure 3

1919-39
Tramax Slay, 727 Solids
3 Fasses Through Charlotie Mill st at n,"36" Sap
22,70
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Tipure b

17192-21
& - N T T -
Fromay Tlay, 77.1% Lolids
- PL I 3. e 1
viged at 72.5k 530lics for 1 Hours
Tn Zaker terkins Sigma Blade Miver
D0 AN
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igure

1519-27
Fremax Clay, 76.6% Solids
Baker Perkins Sigma Zlade Miver for 11 Hours
22,000,
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Figure 6

1919-23

Premax Clay, 69.7% Solids
oround for 2 Hours in a l-gallon 2bbe Sail Mill

20, 000X
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Higure 7

1679-153-1
Premax Clay, 49.57% Sol:ds
Fived for 5 Minutes ‘n Kagy Mil7, 3070 r.c.m,

2z,000Y

P PSRy P S g e - e e n— = —— b o

PP TR TS P S




A e

iy

igure 8 .

167¢-153-2
Promay Tloy, 69.6% Joliiz
Cinutes in fagdy MITT, Model
22,0008
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gure 9

Lo

167015223
Promax Zlay, 6%.67% 30lics
Ground in Xady Mill for 15 ¥inutes
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1679-153-b
Tremay Tlay
20 Minutes in dady Nill
22,700 7F




Mpures 11

1479-153-5

Premax Clay, 69.67 Solids

25 pany
22,00
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Mixed in ¥ady Mill Model C, 25 minutes at 3700 r.o.m, (slow speed?




-

igure 12

1677-153-¢ :
remay Clay, 67,69 3¢lid
Mixed for 32 Finutes 'n facdy M1
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Tigure 17

1479-15%-1
1 L E-, s
Premax Clay, 77.17: 3olids
5 Minutes in Kady Mill at 6207 r.o.m,
22,000 .
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Figure %

1679-156-2

Fremax Clay, 70.2% Solids

11 Minutes in Kady Mill at 200 r.o.um,

22,000X
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Figure 15

16791563
Fremax Clay 69.9% Solids
16 Minutes in Kady Mill, 6200 r.»n.m,
22,0007

SETR ST IETAE - ahomd oo —

I




SE2a

Figure 16

1679-156-4
Premax Clay, 70% Solids

21 Minutes in Kady Mill at 6200 r.p.m

22,000X
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1679-156—§
Fromax Clay, 777 Jol
56 Minutes in Xady Mill =t Y
22,0007

PR

U S P S S ey _ } s _ ~ o o B




Figure 18

1679-156-6
Premax Clay, 70.0% Solids
¥ixed in Kady Mill 31 Minutes at 4200 r.uum,
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Figure 19

1679-137

Fremax Clay, 71.2% Solids

Oround in Xady ¥ill for 7!t Minutes
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Figure 20

1819-64
Premax Clay, 79.9% Solids
Mix~d with a Zowles Dissolver for 10 Finutes
22,000
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Trgure 21

1719-65
Fremay Tlay, 77.19% Solics
—isversed with a ~orles Dissolver for b Siymties
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Figure 22

1919-71
Fremax Clay, 70.8% Solids

for #0 Minutes with Cowles Dissolver
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Flpure 23

17218-.75
remay Tlay, ?2.2§ Soli~ss
Dispersed vith Zowles Tissclver over 12 Yours
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Figure 24

1213-73
Premax Clay, 73.5% Solids
Cispersed with a Cowles Dissolver for 2-9 ilours
22.,00n%




