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1. INTRODUCTIO N

Natural ground man gan ese ores were originally used by ceramic brick and tile
manufacturers to adjust the finis hed color in a range of grey to browns to black in
combination with red clays. With the increase in iiring cycles and iast iir ing technolog y,
I'lMn02 or pyrolusite may also be used to improve in-p rocess and fina l cha racteristics of
the ceramics produced.

Over the past several years we have been stu dying the effect s of small (0.1% - 4.0%)
additions of pyrolusite (f)MnO,) produced by the SACEM at their mine located in [MINI
(Morocco), on the stru cture of ceramic tiles and bricks. Our research has focussed on
helping manufacturers minimize problems linked to the presence of organic materials in
clays, these problems are increased by the use of fast firing technology.

2. CRYSTAL STRUCTURE O F 13M n O, (PYROLUSITE) AND LABORATORY TESTS

Ma nganese ores cons ist principally of im pure hydroxides and dioxides in a varie ty
of mine ral structures and crystal for ms. The beta phase, rep resented by the m ineral
pyrolusite, 13MnO, is characterized by a high degree of crystall ini ty and an almost perfect
stoichiometric composition.

SEM an alys is shows the acicular (needle like ) stru cture of the pyrolusite crystals.
Th e pyrolusite crystals are present as individ ual needl es in sizes between 30f1m and
150~lm (lOO~lms on average) in length, l um to 2~lms in diameter. In ad dition to the
needlelike grains, 2 other forms are present; one w ith an angular structure with
equ ivalent diameters of up to 20~lm, and in lesser qu antities a spheroidal grain with an
average grain size of 5~lm associated w ith Psilomelane.
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Laboratory studies were made on a range of fine (0 to 80 urn), and ul trafi ne
micronised (0 to 30 urn ) from the SACEM 's mine at IMINI in Morocco. The samples were
mainly pyrolusite bearing. The purities ranged from 70 to 92% MnO,. Different samples
were used to determine the optimum powder for black core reduction. Thi s op timum wa s
found to be an ultrafine micronised (UFM) material with 80% MnO, content. With the
ult ra fine micronised 80% MnO, as little as a 2% addition of the powder was su fficien t to
elimina te black cores in clays with organic compounds of 0.5 to 1% in a fast firin g cycle
(40K/ minu te ) under laboratory conditions.

3. INDUSTRIAL TESTS WITH MICRONISED PYROLUSITE

After the positive results of laboratory tests, the effects of small additions of
pyrolusite on the behavior of the ceramic body was examined on an industrial scale.
Several of our Spanish cus tomers have given us data to demonstrate the effects they
fou nd industrially when using UFM 80 (ultrafine micronised 80% ma nga nese wi th a
high pyrolusite content ).

a. Industrial Conditions and Results

Industrial Conditions:

Product: One stan da rd stoneware formulation

Size: 45 * 45 * 9

Firing cycle: 37.40 minutes

Fu rnac e length: 109 meters

Furnace entry: 2070 millimeters

Production: 4300 rn-/ day

Temperature profile: A maximum temperature of 1145° is reached at 60% of the
furnace length.

A Spanish stoneware formulation containing red clays was used as a basis for
compariso n. Th e stoneware formula tion used was 77% Villar clay with a low, <3%,
carbonate content, containing organ ics. The Villar clay was mixed with 23% San Ju an
Moro without organics. UFM 80 was ad ded to this clay formulation . The base case
ach ieved the required density at 5.8% linear contraction which corresponds to a fir ing
temperature of 1140° under the condition s described above. An add itio n of 0.2%
UFM 80 reached the same linear sh rinkage at 1125°, a reduction in firing temperature
of 15°. An addition of 0.3% UFM 80 further reduced the firing temperatu re by 15° to
1110°,

The fired tiles were slight ly dar ker in color than the standard formulation, around
10%, and showed no black core defects.

Table 1 shows the standard parameters for wa ter absorp tion and linear sh rinkage as
compared to the results obta ined wi th the 0.2% and 0.3% add ition of UFM 80. The linear
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shrinkage percen tage was held cons tan t to determine the m axim um firing temperature
required to obtain the same shrinkage / densi ty.

% Water % Lin ear Firing
abs orp tio n at s bri nkage Temperature "C

1140° at F tri na TO
Stoneware tile \'11 /0 ~ln02 4.0% 5.8QC' 1140
Stoneware tile w 0 .2% UFM 80 3.2% 5.8% 1125
Stoneware tile w 0 .3% UFM 80 3.0% 5.8% 1110

Table 1. TIll' t:ffect of UFM 80 additions 0/ 1 stoneware ti lt':>.

Other ind ustrial tes ts have sho wn that in genera l w he n firin g tiles of 9 to 11 mm in
thi ckness, the firing cycle can be reduced by 10% with an ad d ition of less than 0.5% of
UFM 80. Th is impl ies tha t firing cycles of 35 to 40 minu tes can be reduced to 31 to 36
m inutes . The red uction in firing cycle is possible d ue to the oxygen released by the
py rolusite which accelera tes organic burnout yield ing dense bod ies wi tho u t blac k core
defects.

b . O ther effects of manganese additions

Color: Sma ll additions (0.1 - 4.0%) of fine and ultrafine micronised (UFl\I) MnO, to
bricks and tiles mad e from red clay u nder normal firing cycle s yield brown tints. Thi s
color effect is much deeper with wi th UFM 80 due to the higher reactivity of the
micronised powder. Very sma ll percent add it ions have significant coloring effects . With
whit e clays the effet is ev en more pronounced . Fast firing cycles, however, totally chang e
the effect. Wh ite clay s show littl e coloration and no general isa tion can be made
conce rning red clays.

Porosity: Manga nese with a high percentage of pyrolusite is also an excellent tlu x.
With mos t clays a 1%ad d ition of pyrolusite w ill red uce the porosity by 1%. At the same
percent porosity the firin g temperature may be reduced provid ing ene rgy sa ving s.

4. CONCLUS IONS

Depending on raw m at er ial s, furnace type, th e producti on /produ cti vity
requirements, MnO, in the form of micronised py rolusite UFM 80 can provide man y
options for op timising the manufact uring process. The addition of sma ll pe rcen tages o f
UFM 80 resul ts in;

a) the ability to use clay s with higher organic contents 0.5% to 1.0%.

b) a reduction in the wa ter absorp tion between 10500 and 11500 allowing the use of
more refractory clays and easily meet anti-freeze standards.

c) a reduction in the firin g temperature of 150 to 300 and a decrease in the cycle
time of 5% to 10%.

d ) improved microstructures in fast fired tiles of 9 mm thi ckness, even w ith ve ry
sm all additions «0.3%), and for thicker tiles with higher ad d itions.

The labora tory research and subsequen t indust rial tests pe rform ed over the last
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several years dem on strate that micronised pyrolusite UFM 80 (MnO,) enhances many
aspects of tile and brick manufacture in addition to its known coloring effects. Research
is continuing in industrial settings to further con firm our results and extend our
knowledge through tests with a variety of ceramic raw materials commonly used in Spain
in existing cond itions in ceramic plants which could benefit from the introd uction of UFM
80.

Pos· 86


