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TraditionaUAdvanced Ceramics 

Grinding Glazes: 
A Comparison of 
Milling Methods 

. . 

Ball milling and attrition were investigated to determine optimum 
grinding times and particle size distribution for milling 

ceramic glazes for electrical porcelains 

By: H. John Dowdle 111, . Fine homogeneous dispersions; There are three types of attritors: 
Senior Ceramic Engineer, Southern . Short grinding times; Batch-ach batch to be processed 
Devices Diu., Leviton Mfg. Co., Temperature control; is charged intothe unit; 
Morganton, N.C. Easy inspection; Continuous-used for easy-to- 

Low power consumption; grii~d and diipersematerials, and for 
Southern Devices, a division of Levi- . Minimum floor space required; large quantitiedhr; 
ton Mfg. Co., Morganton, N.C.; a p  Simple to operate; Circulation-used for hard-to- 
plies a ceramic glaze on some of the Narrow particle sue  distribution; grind materials, witha big advantage 
low-tension electrical porcelain . Reproducible results. in being able to obtain narrow parti- 
products it produces. Since aimost everyone is familiar cle sue distribution in large quanti- 

Since m y  of the characteristics of with the traditional ball mill, the fol- ties. 
aglaze are determined by grinding .lowing information will provide 
time and particle size distribution, some insight on the operation of an Attritor efficiency 
engineers at Southern Devices con- atfritor. As the shaft rotates in the attritor, 
ducted a.comparison of ball milling The attritor can processdispersions ' the arms force the grinding media to 
and attrition. much faster than conventional ball tumble randomly througl~out the 

Under normal production require- mills. tank. This results in the media mov- 
ments, Southern Devices grinds 300 Dispersions can be ground much ing in all directions instead of a 
gal of glaze/day. The ball mill has a finer than with conventional ,ball group movement as in a ball mill. 
150-gal capacity, which requires mills,and narrow particlesizedistri- In order to achieve efficient grind- 
making two grinds/day. The attri- butions are easy to obtain. ing-especially fine grinding-both 
tor offers the capability of making The attritor has a stationary grind- impact action and shearing forces 
onegrind/day and,at thesame time, ing tank, compared to the revolving must be present. With the random 
decreases the time it takes to produce cylinder of conventional ball mills. movement of grinding media in the 
the required amount of glaze. The attritor tank is filled with grind- attritor, both forces are present. This 

ing media %3/8 in. in size. As the random movement also aids in dis- 
Quick comparison dispersion passes through the tank, persing and mixing of the slurry at 

A quick comparison of a ball mill an internal shaft with arms rotates, the same time. 
and an attritor yields several differ- resulting in an intensive grinding As the shaft and arms rotate, most 
ences. A typical ball mill uses grind- action. of the grinding action is achieved at 
ing media M in. or larger and turns A jacket surrounds the grinding =% the radius of the arms. This re- 
from 10-50 rpm. tank, which helps to provide good sults in less wear of the tank walls. 

An attritor uses grinding media temperature control for heating or Another consideration is the selec- 
ranging from %3/8 in. with a shaft cooling. tion of the type of grinding media. 
speed of 60-350 rpm. The power in- The dispersion can be inspected Things toconsiderare: specificgrav- 
put is used directly for grinding, not continuously, and additions or cor- ity of sluny, initial feed size, final 
for turning or rotating a tank with rections made at any time. particle size, hardness, pH, discol- 

I 
grinding media. The energy requirement in attrition oration and contamination. 

Someof the advantages of theattri- is less than that required in ball The attritor continues to grind into 
tor include: milling. the submicron range as size reduc- 
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Maintenance 
When adding media, look for wear 

around the shaft, stainless steel 
sleeve and brass bushing. Abrasive 
material can penetrate these arcas 
and cause wearing. As the grinding 
media wears, small pieces can pene- 
trate into theseareasand increase the 
wear on the sleeve and bushing and 
eventually wear on the shaft if not 
corrected. 

If there is evidence of wear, the 
sleeve and bushing need to be 
changed. If and when the sleeve and 
bushing are changed, the grinding 
media should be purged and re- 
placed with new media. 

We are presently running tests on 
various hardnesses on the stainless 
steel arms to determine an optimum 
between the arms and grinding 
media. 

We also are looking at redesigning 
the sleeve and bushing on the shaft 
with closed seals to prevent glaze 
and worn media from penetrating 
anrl r a ~ l c i n o  them tn x ~ r n n v  

A~rtlror'sAcknurulcdgments:TheFeld- 
spar Corp., Spruce Pine, N.C., for 
running particle size analysis and 
specific surface area on the prepared 
glaze samples; Jerry Elkins, Steve 
Bryant, Mike Hensley and Scott 
Helms of Leviton Mfg. Co. for their 
assistance and support in prepara- 
tion of the glaze trials. 

Editor's Note: This article was 
adapted from a paper presented at 
the Summer Meeting of the South- 
east Section of the ACe6,July 16-17, 
1992, Charlotte, N.C., and published 
with the permission of the author. 

A list of references used in the 
preparation of this article is available 
upon request. 

mong producers of refractories, ceramics, glass and industrial 
abrasives. svnthetic minerals are at the forefrontof their raw 

~ ~ 

materials. ~n~ inee red  synthetics are.made to precise quality; in 
unlimited quantities; and produced within time frames keyed to 
the needs of industrial users. Qualitywise-they are the harvest of 
in-process screening procedures that hold all minerals to tight 
chemical com~ositions, hiah levels of ouritv and a varietv of 

I 
- -1 1-1. .a 1. .-.. . .- . . -". . 

1 1 comolex crvsial structure<.~hev are the ~roducts of ~akhinaton I 
Conclusion 
We continue to use the attritor for 

glaze production and the ball mill as 
a backup, if needed. For our process, 
the attritor offers the advantage of 
faster grinding and increased glaze- 
producing capacity. There is some 
maintenance required several times 
a year, but we have our own tool- 
room and are capable of making our 
own replacement parts cheaply. 

One of the biggest advantages we 
have using an attritor is in making 
multipleglazecolors. By developing 
a standard base glaze, the base can be 
mixed and ground in the attritor. 
Most color stain producers offer fast 

,~ - ~~- - ~ ~ a - - . .   ills ~lectro ~inerals--developers of an exacting production 
system that has matured over 125 years of manufacturing 
experience . 

Check our product availabilities listed below which identify in a 
general way-Washington Mills' synthetic minerals that presently 
serve a range of industrial consumers: 

. . - -... - . -. - . 
Refactories-Ceramics-Glass 
0 mullite zirconia mullite aluminum oxide 

silicon carbide zirconia Mag-Chrome 
chrome alumina spinel 

Abrasives 
aluminum oxide silicon carbide alumina zirconia 

* boron carbide 
and easy dispe;sible stains. The -. - . .  -. . , 
standard base glaze can be pumped 

a tank where the 
Put yourself in contact with leading experts in the field of stain is mixed and dispersed. This 

eliminates the need for separate ball electrominerals. Simply write, fax or call us with your special 
mills for individual colors and can requirements: 20 North Main Street, North Grafton, MA 
save a lot of room and time. 01536; Tel: 508-839-651 1; Fax: 508-839-7675. 

Annually, we spend several thou- In Niagara Falls, New York 14302, it's 1801 Buffalo Avenue, 
sand dollars on replacement parts P.O. BOX 423; Tel: 716-278-6600; Fax: 716-278-6650. 

, and  rindi in^ media for the attritor, 
but we mak; that back through thc 
advantages and the improved glaze 
quality. 0 WASHINGTON MILLS CORPORATION ELECTRO MINERALS 

I 
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