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Abstract

MK-95D-7 and MK-95D-8 are introduced in this report as silica mortars for silica brick
lining. Both mortars exhibit good workability with excellent spreadability. MK-95D-7 completely
satisfies DIN 1089 Part 3, which defines the specifications for mortar used in coke ovens. Although
MK-95D-8 contains a larger amount of foreign oxides than specified in DIN specifications, it shows
smaller thermal expansion. Thanks to this desirable characteristic, MK-95D-8 is suitable for short
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heating up schedule construction.
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1. Introduction

Silica brick is widely applied for industrial
furnaces such as coke ovens, hot stoves, glass
smelting furnaces and so on since it exhibits
an extremely low thermal expansion coefficient
in a temperature over 700C. Naturally, silica
mortar is used for the brick work of those
industrial furnaces. In general, refractory
mortar is required good workability as well as
suitable characteristics after heating. Mortar
paste with insufficient workability increases the

work load of masons resulting in a decrease
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Comparison of smooth and rough mortar paste surface smoothness.

in brick work efficiency. In addition, large dry
shrinkage causes a gap to form between the
brick wall top and roof. If mortar joints do not
exhibit a suitable creep property, bricked wall
will be warped under operation condition.

Shinagawa refractories CO., LTD. manufac-
tures and sells silica mortar MK-95D-7 and
MK-95D-8 which show good workability as
well as suitable high temperature properties. In
this report, the workability and high tempera-
ture properties of MK-95D-7 and MK-95D-8
are investigated.

2. Workability

2. 1 Spreadability

“Spreadability” is one of the important indices
which express mortar paste workability since
using poor spreadability mortar imposes excess
load on the mason’'s wrist. Spreadability can be
evaluated by observing the mortar surface, i.e.,
the mortar with good spreadability shows a
smooth surface. In Fig. 1, the surface smooth-
nesse of two mortar paste samples is compared.
The spreadability of MK-95D-7 and MK-95D-8
are adjusted by grain size distribution, disper-
sant, and flocculant.
2. 2 Adhesive property between mortar and

trowel
Mortar paste is spread on the joint surface
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Fig. 2 Difference in adhesion characteristics of mortar paste.
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of a brick by using a trowel. Thus, the adhe-
sive property between mortar and trowel is
important in terms of workability. The adhesive
property is expressed as “adhesion” and “slip-
page”. These two are opposite concepts as; good
slippage means poor adhesion. Fig. 2 shows
examples of adhesion and slippage.

For actual brick work, excess mortar is forced
out from the mortar joint and the protruding
portion is removed by trowel. Since the poor
adhesion (good slippage) mortar tends to fall
down on the floor, the floor must be cleaned
often. On the other hand, poor slippage (good
adhesion) mortar makes the trowel dirty. As a
matter of fact, priority depends on the mason's
preference and situation of the construction site.
Thus, we can provide both types of mortar by
adjusting the thickening agent.

2. 3 Setting time

Within a few minutes after brick laying, the
brick connects to the lower brick layer tightly
due to a decrease in mortar paste flowability.
This time duration is expressed as setting time.
An extremely short setting time does not permit
enough time to adjust the bricking dimensions.
On the other hand, the laid brick moves from
the adjusted accurate position when the setting
time is too long. Hence, a setting time suitable
for the individual construction site’s local condi-
tion IS necessary.
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Fig. 3 Influence of joint thickness and Fig. 4 Influence of additive on setting time.

temperature on setting time.

Table 1 Properties of silica mortars
Properties DIN requirements for KS94 MK-95D-7 MK-95D-8
SiO. >04 95 94
Chemical composition (%) Al:0s+TiO; <bb 1.9 1.9
Foreign oxides <15b 1.0 2.0
Grain size spread >2mm 0 0 0
(mass%) 1-2mm >2 0 0
. Mixing water(%) - 27 27
Consistency JIS -
Consistency - 312 328
) Mixing water (%) <34 27 27
Consistency DIN -
Consistency - 20 17
Permanent linear change Mixing water (%) ] 15.3 16.5
after drying at 110°C evaluated Consistency - 101 109
by JIS method PLC(%) - -1.52 -1.3
Permanent linear change Mixing water (%) <34 27 27
after drying at 110°C
evaluated by DIN method PLC(%) >-4 -2.78 -2.04
Modulus of rupture 110°C 0.5 0.8
(MPa) 1100°C > 1.1 4.6
. ) Mixing water (%) - 27 27
Setting time <JIS> - - -
Setting time (min) - 4 3.7
Thermal creep (%) <DIN> ADsx >-0.3 -0.033 -0.223
i 1000°C - 1.33 1.24
Thermal expansion (%) -
1200°C - 1.22 1.26
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Fig. 3 shows the influences of joint thickness
and temperature on setting time. The setting

time becomes shorter with temperature increase

and joint thickness decrease. The setting time
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Fig. 5 Thermal creep behavior of silica bricks with
and without horizontal mortar joint.
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can be adjusted to a suitable value by the addi-
tion of a delay agent or accelerant as shown in
Fig. 4.

3. Characteristics of Set Mortar and
Building Structure

Table 1 summarizes the properties of MK-
95D-7 and MK-95D-8 as evaluated by the
method described in DIN 1089 Part 3. The
values listed in Table 1 show that; (1) MK-95D-7
completely satisfies the DIN requirements and
(2) the content of foreign oxides is only the out
of DIN Specifications property of MK-95D-8.
In some cases of coke oven constructions,
engineering company requires strict conformity
to DIN specifications. In such cases, MK-95D-7
is applicable.

Fig. 5 shows the creep behaviors of a silica
brick with a mortar joint compared with a silica
brick without mortar joint. The thermal creep
(ADss) indicated in Table 1 can be obtained
from Fig. 5 by the calculation described in DIN.
The external appearances of the post creep test
specimens are shown in Fig. 6. As can be seen in
Fig. 6, no obvious cracking, which is considered
to induce gas leakage after heating, is observed
in joint. According to the DIN description,
the creep property is the first priority. Thus,
satisfaction of the creep property and no crack

MK-95D-8

Fig. 6 Appearance of specimen after thermal creep test.
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Fig. 7 Thermal expansion curves of silica
mortars.
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occurrence during the creep test confirm the
applicability of MK-95D-7 and MK-95D-8 for
coke oven construction.

A comparison of the thermal expansion
behaviors of MK-95D-7 and MK-95D-8 is
shown in Fig. 7. MK-95D-7 shows a slightly
higher thermal expansion than MK-95D-8
above 1200C. But this expansion is considered
not to be an issue since the creep behaviors,
which are expansion properties under load, are
favorable. Actual building structures of indus-
trial furnaces are heated under load, and that is
why DIN does not mention any requirement for
thermal expansion.

However, in cases when construction does not
allow sufficient heat up time, use of MK-95D-8
is recommended due to its low thermal expan-
sion. Though MK-95D-8 includes slightly larger
amount of foreign oxides than DIN requirement,
it is obvious that properties of MK-95D-8 is
acceptable as investigated in this report.

4. Conclusion

Silica mortars MK-95D-7 and MK-95D-8
exhibit excellent spreadability, desirable adhe-
sive properties between mortar paste and
trowel (adhesion and slippage), and suitable
setting time. Moreover, MK-95D-7 completely
satisfies the DIN requirement, and the content
of foreign oxides is the only DIN-disqualifying
property of MK-95D-8. In cases when construc-
tion does not permit sufficient heat up time, use
of MK-95D-8 is suitable due to its low thermal
expansion characteristic.
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