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Abstract

Utilizing recycled raw materials, environmentally friendly bricks, which are labeled “Green Refractories”,
for cement rotary kilns were developed. Similar performance to that attained by the original bricks,
completely composed of virgin raw materials, is achievable with Green Refractories brick products, which
contribute to the reduction of the life cycle CO. emission volume, namely, reduction of CO. emission

volume derived from natural resources and energy consumed for production of raw materials. Deployment

Product

and development of Green Refractories for various fields is presently being actively pursued.
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1. Introduction

Since climate change, induced by global warming,
has become more conspicuous in recent years
and world activities aim to solve the issue, it is
thought that conventional industrial activities
may encounter various kinds of difficulties. In this
regard, sustainable development goals (SDGs)”
were adopted at the United Nations in 2015. The
author’s company, Shinagawa Refractories Co.
Ltd., is engaged upon these challenging issues by
formulating a “Sustainability Management Policy”.
Promoting application of spent refractory recycling,
spent ceramics materials other than refractories,
and by-products generated in various industries is
one of the challenging issues. Doing so allows the
reduction of CO: emissions and consumed energy,
which are emitted the by the production of virgin
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Fig. 1 Conceptual image of “Green Refractories”
recycling loop.
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refractory raw materials. The author’s company
labels refractory products, in which over 20 % of the
materials which can be qualified with substantially
zero CO; emission are blended, “Green Refractories”
and promotes the development of various types of
“Green Refractories” products. A conceptual image
is shown in Fig. 1. The development of “Green
Refractories” brick products for cement rotary kilns
is described in this article.

2. Recycling of Used Refractories Relined
in Cement Rotary Kilns

In the cement rotary kiln, which is relined with
refractory bricks”, bricks are relined directly on
the kiln's steel shell. Except for relined refractory
overhauling work which is conducted once every
half year or once a vyear, cement calcinating
operation continues, in principle, ceaselessly. Since
the coating layer adhering to the relined refractories
is completely removed in order to inspect the kiln
conditions during relined refractories overhauling
work, used refractories can be retrieved without a
coating layer.

The recycling process of used refractories from
being retrieved from a cement rotary kiln to being
turned into raw materials for Green Refractories
products is shown in Fig.2. After removing the
steel sheet which is used for joint adjustment, used
refractories are crushed and sieved for grain size
adjustment along with removal of iron components
for recycling as refractory raw materials. Even though
impure elements, which have infiltrated deeply into
the brick body remain in recycled raw materials
to some extent, raw materials are blended with
optimized particle size adjustment and operational
conditions in the brick production process to obtain
the necessary qualities.

Crushing Grain size
adjustment

Fig. 2 Green Refractories recycling process from used refractory to raw material.
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Fig. 3 An example of relining arrangement of magnesia-spinel brick in cement rotary kiln.

Table 1 Comparison of major properties between original and Green Refractories magnesia-spinel bricks
Burning zone
Cooling zone Burning zone little coating Transition zone
(SP-8DC) (ELK-12CX-1) condition (SP-8L)
(ELK-12X-1)
Green | Original | Green | Original | Green | Original | Green | Original
Apparent porosity / % 16.8 15.3 16.2 14.5 16.0 14.5 16.8 15.5
Bulk density / g-cm” 2.96 3.05 2.98 3.04 2.98 3.03 2.93 2.95
Cold crushing strength / MPa 58 57 57 56 52 54 49 48
MgO 78.7 79.5 83.1 84.6 84.4 85.4 80.7 81.0
Chemical composition | ALO: 17.9 17.6 12.0 12.2 12.3 12.3 17.6 17.7
/ mass% Fe:0s 1.5 1.5 1.1 1.0 - - - -
CaO - - - - 0.7 0.6

Table 2 Cross sections of original and Green Refractories magnesia-spinel bricks

Burning zone

Cooling zone Burning zone little coating Transition zone
(SP-8DC) (ELK-12CX-1) condition (SP-8L)
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3. Line-up of “Green Refractories”
Products for Cement Rotary Kilns

The various types of magnesia-spinel brick are
relined in the cement rotary kiln according to
zone. An example of the relining arrangement of
magnesia-spinel brick in a cement rotary kiln, which
is commonly adopted by the author’s customers, is
shown in Fig. 3. The major physical and chemical
properties, as well as cross section photographs of
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Fig. 4 Comparison of CO, emission volume derived
from blended raw materials between original
and Green Refractories bricks.
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“Green Refractories” brick are compared with those
of original brick products which were produced with
virgin raw materials in Table 1 and 2. Because of
slightly reduced bulk density caused by application
of recycled raw materials, all the Green Refractories
bricks exhibit smaller unit weight, which will
contribute to reduction of total weight of relined
refractory bricks or refractory unit consumption. It is
noted that Green Refractories bricks ELK-12X-1 and
SP-8L, in which the original products white-colored
magnesia is mainly blended, exhibit slightly different
color tone. Needless to mention, however, there are
no differences in qualities and performance between
Green Refractories and original bricks.

In Fig. 4, the CO, emission volume derived from
the natural resources and energy consumed for
production of blended raw materials is compared
between original and Green Refractories brick
products by index value. It can be understood that
the blended raw material related CO. emission
volume is reduced by 10-20% in all the Green
Refractories brick products. It was estimated with
the proprietary database of the author’s company
that 3,000-4,000 tons of CO. emission volume per
year can be reduced.

4. Conclusion

Green Refractories bricks for cement rotary kilns,
in which used refractories are applied as part of
the blended raw materials, were introduced in this
article. Since usage of Green Refractories bricks
contributes to environment improvement in the
reduction of the blended raw material related CO.
emission volume as well as total weight of relined
refractory bricks, deployment of Green Refractories
products in various fields needs to be actively
pursued.
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