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1 Introduction
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Since the cement free alumina magnesia dry
gunning mixes with excellent lab and jobsite
performance are reported by previous articles, it
provides a new route to overcome the above
drawbacks.
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2 Experiment Process -formulation design

Many plate and needle-like

In cement free dry gunning mix (G1, G2, G3):

- MgO varies in different recipes with same reactive
alumina MC-G + reactive alumina B content

In low cement castable(CS, CM):

- Preformed and in-situ spinel with same calcined
alumina A + reactive alumina B content

| RecipeNo.  |G1)62/G3[cslcm

SRICICCEIDIGIGERN SNl 75 70 67.5 59 77
78% sintered spinel 1-0 mm 23

CVACR VLR ET-OQENERE NI 7.5 12.5 15
calcium aluminate cement 5

calcined alumina A 8

U1 o0 U1 Ui

reactive alumina B 10 10 10 5
reactive alumina MC-G 75 7.5 7.5

a typical calcined alumina with
smoother and bigger crystal

crystals with size less than 1 pm

calcined alumina A 5 000X

calcined alumina A 20 000X

reactive alumina MC-G 5 000X

needle-liked

crystals \

reactive alumina MC-G 20 000X




3 Result and Discussion- sample preparation (fast cast method)

For cement free dry gunning mix samples:

- dry mixed for 5 minutes— wet mixed with liquid for another 1 minute at 120 RPM— rammed and for another 1
minute— standard curing.

For low cement castable samples:
- dry mixing for 5 minutes— wet mixed with liquid for another 5 minutes at 30 rpm speed— vibrating for 1.5

minutes— standard curing process.

Dry gunning mix samples are rammed and demolded



3 Result and Discussion- physical properties
- With the increasing of MgO In the dry - | IR - N =W = VI

gunning mixes, the sample’s PLC after
1600°C changed from slight contraction fired at 1200°C

to S|gn|f|§:ant expansion, yvhlch IS CMOR MPa 15 12 11 13 17
accompanied with an increasing of AP
and decreasing of mechanical strength.

CCS MPa 90 80 80 79 96

| firedat1200C
| CMORMPa
| ccsmpa
2 | 22 \\D 2 18
- The high expansion of in samples after 2.88 2.91 2.88 2.96 3.09
1600°C is due to the spinel forming 009 0.0 010 006 0.13
effect.
22 19 18 33 25
77 . 64 62 142 114
19 21 22 19 21
291 281 277 299 2091
016 092 131 013 217




3 Result and Discussion- xrp Analysis

- The spinel peak of dry gunning mixes is stronger than that in low cement alumina magnesia
castable after 1200°C treatment, The stronger effect is shown after 1600°C treatment.

- with the increasing of magnesia, the spinel peak does not increase and some periclase peaks are
found in cement free gunning mixes (G2/G3) after 1600°C treatment.

- In this formulation design, too high content of MgO does not lead to more spinel, on the contrary,
too high PLC leads to higher AP and lower strength.

Relative intensity of spinel primary peak %

| RecipeNo. | G116G2|G3 | Cs | cm|
PYiCTR PONel 7.2 75 6.1 49.2 4.7
NI el 60.0 62.1 70.6 63.0 32.7

7 After fired at 1200°C After fired at 1600°C



3 Result and Discussion- dynamic rotary slag test

The dynamic rotary slag resistance test procedure

1. Samples are preheated at 1000°C, and then are assembled.
. Preparation of carbon steel and converter slag mix, the ratio is 1.5:1.
3. After the steel and slag is melted, the test temperature is hold at
1600°C for 30 minutes.

4. Empty the melted steel and slag, repeat the step 3, the total cycle is 8.

200mmx(120mm/60mm)x65mm samples fired
at 1000 °C before dynamic rotary slag test

Evaluation after dynamic rotary slag test:

- Average corrosion rate: R=(A-B)/Ax100, where A is
the original sample average thickness before the test
in mm; B is the residual average thickness after the
test in mm.

- Maximum corrosion thickness: Z,,,,=A-C, where Cis
the minimum residual thickness after test in mm.
ENEYAEETCAEEETNEYE  |- waximum penetration depth: 7,.,, the maximun
5.8 4.3 2.4 11.5 1.4

47.7  26.7 penetration depth of the slag in mm.




3 Result and Discussion- dynamic rotary slag test

- All the cement free dry gunning mixes perform better slag corrosion and penetration resistance.

- Theincreasing of magnesia delivers a relatively worse corrosion result.
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3 Result and Discussion- microstructure analysis in original zone
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For cement free dry gunning mixes:

- There are more pores and cracks with the
MgO increasing.

- The magnesia particles are surrounded by
a 100-200 pm thick dense and continuous
alumina magnesia diffusion layer, which
could be considered as in-situ spinel.
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3 Result and Discussion- microstructure analysis in original zone

For low cement alumina magnesia CM
castable:

- The magnesia particles are surrounded by a 10-
15 pym thick in-situ spinel layer.

- There are gaps could be found between the
magnesia grain and spinel layer.

- The difference between dry gunning mixes (G1)
and low cement alumina magnesia castable (CM)
is in line with the previous study where indicates
the difference in diffusion rates of Al3* and Mg2* is
the main reason for this phenomenon(2l

ALO, ! MgO  AlO; ' MgO
1 1
Low cement Dry
i M M i
alumina Y Mg ALO, & \go  9Qunning
magnesia —- - mix
castable 2 o
1 1
M M
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3 Result and Discussion- microstructure analysis in reaction zone

For cement free dry gunning mixes:

- Thereis not only large area of in-situ spinel formed, but
also gaps found between the residue MgO particles and
in-situ spinel layer. This might be due to the gradual
consumption of MC-G.

G1

- The diffusion distance of Mg?* is between 200-500 pm.

- There are more pores and cracks with the MgO
increasing.

G2 G3
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3 Result and Discussion- microstructure analysis in reaction zone

For low cement alumina spinel castable (CS): _ cs

N\
- Al,O5; and spinel (MA) grains are connected by the ‘|
porous sintered MgO containing matrix. _’,7N
/ N

For low cement alumina magnesia castable |
(CM): ‘

- Comparing to original zone, the gaps around the
magnesia grains still exist, the diffusion distance of
Mg2+ extend to ~100 pm.

- More pores remain after MgO completely dissolved.

CM
i
1 \\ ] Ve

‘r =
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3 Result and Discussion- microstructure analysis near slag interface

- Magnesium is homogeneously distributed in the dry gunning mixes which is indicating a sufficient

diffusion and sintering.
- With the increasing of magnesia, the pores in G1, G2, G3 samples maintain the same trend as in

the original zone and reaction zone.
- Thereis no significant difference about the penetration of Fe and Ca.

G1 G2 G3
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CS

3 Result and Discussion- microstructure analysis near slag interface
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Pores in low cement castable formula samples (CS, CM) are similar, but are larger and more than that

in the dry gunning mix samples (G1, G2, G3).

The Mg is evenly distributed in CM samples but sightly enriched in CS samples.

CM

CM

Away from the slag interface 1-2mm




3 Result and Discussion- discussion

Temﬁerature increasinﬁ =
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The reason why dry gunning mix (G1) with lower MgO exhibits

a better slag resistance than others:

For the dry gunning mix with low MgO content, the initial gaps and
cracks are relatively small and few, due to the presence of special
reactive alumina MC-G and the slight contraction in PLC.

With the MgO increasing, higher expansion in PLC leads to longer and
coarser cracks in matrix and around the Al,O5 particles, despite the
gaps induced by MgO maintains the same as in lower MgO sample.

For low cement castable, with the absence of MC-G, large original gaps
around the MgO particles can be found early in original zone.

All the original gaps and cracks finally incorporate into larger pores
with temperature increasing. And the larger the original gaps and
cracks, the more and bigger the pores are.

As a result, the porous and loose structure near to the slag interface
results in a worse dynamic rotary slag corrosion resistance.
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4 Conclusions

(1) Compared with the low cement alumina spinel/magnesia castable, the cement free alumina magnesia
dry gunning mixes exhibit a better dynamic rotary slag corrosion resistance. This might be due to the
formation of a continuous and dense in-situ spinel layer induced by special reactive alumina MC-G.

(2) The increasing of MgO content, is not beneficial to slag corrosion resistance, due to the more porous
and loose structure resulted by the expansion of in-situ spinel formation.

(3) In this paper, 7.5% of magnesia addition provides a better overall performance for cement free dry
gunning product.
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