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ABSTRACT (40x40x160 mr) by using a vibration table. After casting,
Different additives were applied on 8,-SiC-C main  the samples were cured for 24 h in mold at roonptrature
trough materials (castables) and slag runner naddgeri followed by de-molding and drying at 100for 24 h.
(ramming mix) of blast furnace for improving worlkiities,

physical properties and life time. High temperatphgsical ~ Tab. 1: Compositions of metal line castables.

properties and rotary slag test of specimens weaenied, M81L M1 M2 M3 M4 M5
and microstructure was observed by SEM. The resultal,0; (%) =70
pointed out that the mechanical strength was ise@and SiC+C (%) =20

apparent porosity can be reduced up to 7.5 % byddd Alumina cement

. . . . o <20 <20 <20 <20 <20 <20
appropriate amount of additive, the corrosion tasise was (%)

also well improved, longer life time of main trougtaterials ~ Additive I (%) - <005 - - —  <0.05
can be achieved. Additive 11 (%) — - <0.05 — —  <0.05
Sintering
L — — — <1.0 <2.0 <2.0
INTRODUCTION additive (%)
Blast furnace main trough system of was consisfefive \(/(:/A)a;ter addion | o 55 50 50 50 5.0

main parts: main trough, skimmer, iron runner, slagner
and tilting runner. With the progressing of steedlustry
technology, large-scaled blast furnace with higficiehcy

Tab. 2: Compositions of slag line castables.

_ . Materials M82 S1 S2 S3 S4 S5
and long lifetime were developed, refractory applien ALOs (%) 3
main trough was developed from one type castalietino Siéfc (%) ;33
type castables which suit with metal line and $iag [1]. Alumina cement -
Main trough was located between taphole and skimther (o) <20 <20 <20 <20 <20 <20
front-end of main trough was wide-shallow shape andaqgitive I (9%) — <005 -— — — <005
progressively change into narrow-deep shape attreend.  aqgitive 11 (%) - ~ <005 — —  <0.05

The slag and molten iron were separated by theiviyr  gintering 10 <20 <20
— — — <]1. <Z. <Z.

difference, slag pass through the upper regionahrrough
which was so called slag line and lower region weaal
line that runs through by molten iron. Castableéhafse two

additive (%)

Water addition

(%) 5.0 5.0 5.0 50 5.0 5.0

regions was designed for each operation conditions.

Especially on slag line castable, corrosion resegaand Ramming mix for slag runner

oxidation resistance were the two main propertieat t The composition of ramming mix for slag runner was
demanded for this region, castable with high Si@teot showed in table 3. A series of composition withfetiént
was widely used due to its low wettability and loectivity =~ amount of additives were modified from present piaid
against the molten slag [2]. MTA. The materials were mixed using mixer machine i
The molten iron wears and scours the trough moresequence that coarse particle, additives, fine povanhd
intensively in the large-scaled blast furnace. @#ht then water at last, after cured in bag for 24 hradm
corrosion condition took place between main troagl slag  temperature then the ramming mix were prepared.

runner, and the composition of refractories forheeegions  The bar specimens were made by ramming the mixégein
were adjusted for increasing lifetime and reduding cost,  bar molds (40x40x160 mitnand followed by press forming
easy construction with high efficiency were alse tmain  using 100 ton MTS. After de-molded, the specimemsew

target in present. dried at 11@C for 24 h.
EXPERIMENTAL Tab. 3: Compositions of ramming mix for slag runner
Materials Materials MTA R1 R2 R3 R4 R5
Raw materials used in this study were brown fudedhima,  Al,O; (%) =60
silicon carbide, carbonaceous powder, alumina céncéy, SiC+C (%) =20.5
sintering additive and four kinds of additives. Additive 111 (%) — <10 — <10 -— -
Additive IV (%) — <1.0 <1.0 <1.0 <1.0 <1.0

Sample preparation Sintering additive <

. . . - - 20 <20 <3.0 <1.0
Castables for metal line and slag line of main trough (%) _
The composition of castables for metal line andydlae _Water contain (%) 4.5~5

were showed in table 1 and table 2, respectivelgedes of

composition with different amount of additives were Test methods

designed and modified from present product M81 iig@. ~ Workability of castables

All samples were wet mixed with water by mixer miaeh  After mixing the castable with appropriate amouhtvater,

(Leader Baker HK-10l), then casted into bar moIdsﬂOV;/h Vc?'Ue was measured according to ASTM C860-91
method.



Workability, bulk density and strength of ramming mix green 1200

body | I MOR
Workability index of ramming mix was evaluated b}iGa 1000 | EEEEICCS
Steel Co. testing method CSC-R018-76, bulk densitg ]
cold crushing strength of green body were measurel 800
according to China Steel Co. testing method CSC#RBL ]
600
Physical properties .
After drying, all the casted specimens were sintere1450 400
C for 3 h, the rammed specimens were preheated((10 1
and then sintered at 1450for 3 h. The physical properties 2004
that cold modulus of rupture (MOR), cold crushinigesgth
(CCS), bulk density (BD), apparent porosity (AP)dan 0-

(Kg/cmz)

permanent linear change (PLC) were measured. dagiot M8 M Mz M3 Mé M3
modulus of rupture (HMOR) were conducted at 1¢0fbr
3 h, with carbon embedding. BD and AP were meashyed 505 0
Archimedes method. Microstructure analysis wasiedmut 723
by means of XRD (Rigaku Miniflus Il) and SEM (Hitaic 3.00 1 M
S300N).
L 14

Sag corronsion resistancet “2 29 o
A rotary slag test was conducted to evaluate threosimn = 13 i/
resistance of slag line castables and ramming miresach A 290 <
cycle, raise the temperature up to 1%0Ghen feed the slag ® F12
mixture (mass ratio of slag/iron is 3) and proceedosion 2.85 L
for 60 min, drain out the slag and cooling down the
specimens by blowing compress air for 10 min. Aftarry 580 "
out 10 to 15 cycles, corrosion ratio can be catedlaby ’ MS1 M1 M2 M3 M4 M5
measuring the cross-section area compared to aligirea
of specimens.

035
RESULTSAND DISCUSSION 0304
Workability of all samples
The workability of metal line, slag line and slagnner 0.25 4
materials were list on table 4. The data shows #iht
samples possess better workability than previowslymts & %7
(M81, M82, MTA), therefore higher efficiency can be J 5.
improved when constructing the trough. =

0.10
Tab. 4: Workability data of metal line and slagelicastables,
and green body data of ramming mix. 0:054
Metal line M81 M1 M2 M3 M4 M5 0.00
Water addition (%) 50 50 50 50 50 50 UUNEl ML M M3 MB M5
gg\gl\i':éue (mm) l\gg 38 18921 1883? 158;) 18855 F_ig. 1: Physical properties of metal line castabédter
Water addition (%) | 5.0 50 50 50 50 50  Sinteredat145Q for3h.
Flow value (mm) 175 183 189 186 176 178
Slag runner MTA R1 R2 R3 R4 R5
Bulk density (g/c) | 258 2.65 2.82 2.75 2.74 2.85 1200
CCS (Kg/cm) 2.92 3.62 3.46 3.87 3.21 3.50 | NN MOR

1000-| EEEEICCS

)

(Kg/em

Metal line and dag line castables 800 -
600 -
Only sintering additive was added in sample M3 &t 400

The physical properties of castables after sintetetd50C
showing a noticeable enhance on CCS. Overall, ndtema
sintering additive, mechanical strength were adinpoted by 1
M82 s S2 S3 S4 S5

Physical properties

were showed in figure 1 and 2. Sample M5 and S% bot "
combined three additives and showing the highestRMO
combining or separately make use of additive l,atd 200
compared with M81 and M82. BD, AP and PLC paranseter 0-
were also in the standard ranges.
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Fig. 2: Physical properties of slag line castabédter Fig. 3: Physical properties of ramming mixes fagstunner
sintered at 145Q for 3 h. after sintered at 1450 for 3 h.
Ramming mixes of slag runner HMOR data of all samples

MOR and CCS of sample R1 to R5 were all enhanced, a The HMOR data were showed in table 5, sample M=Ig8b
BD, AP and PLC parameters were also in the standar®2 have the highest HMOR in metal line, slag limel a
ranges. Particularly in sample R2, lowest AP o791% was ramming mix, respectively.

achieved by adding appropriate amount of additiveahd

sintering additive. Tab. 5: HMOR data of metal line, slag line castakded
ramming mix of slag runner
1200 Metal line M81L M1 M2 M3 M4 M5
| I MOR (Kglen?) 48 77 54 53 69 114
1000 HEE CCS Slag line M82  S1 S2 S3 S4 S5
| (Kglen?) 21 28 37 34 41 56
8004 Slag runner MTA R1 R2 R3 R4 R5
(Kglcn?) 54 47 71 61 52 55
g 000 Slag corrosion resistance
% 4004 Slag resistance was a major factor that dominatesl
lifetime of refractories, rotary slag test was coctéd to
2004 evaluate the corrosion resistance in this studpleré shows
| the corrosion ratio of salg line and slag runndracories,
0l sample S5 and R2 showing the best resistance gflisia

MTA Rl R2 R3 R4 RS castable and ramming mix, respectively.

Tab. 6: Slag corrosion data of slag line castaldes
ramming mixes

Slag line M82 S2 S3 S4 S5
Corrosion ratio (%)| 28.3 235 25.9 24.6 21.2
Rating 5 2 4 3 1
Slag runner MTA R2 R3 R4 R5
Corrosion ratio (%)| 19.7 16.7 18.1 27.0 243
Rating 3 1 2 5 4




According to the results of rotary slag test, csion ratio
was decreased by compared with present productsghr
materials with improved lifetime can be expectedrrGsion
ratio was related with HMOR and physical propertiefigh

temperature, sample S5 and R2 possessed highestRHMO

and MOR in castable and ramming mix, and repredeinte
lowest corrosion ratio.

Microstructure observation

Figure 4 shows the XRD patterns of castable untkg s
layer after slag corrosion testing, mullite crylst@ can be
founded.
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Fig. 4: XRD pattern of castable after slag corrngest.
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Pillar shape mullite crystals can be seen in SEM
micrographs (figure 5), the network crystals candiee to
enhance mechanical strength of materlals [3].

j.l ctrum |

Flg 5: SEM micrographs of mullite crystals in,@k- SlC C
castable.

CONCLUSIONS

1. The adding of additives and sintering additives can
improve the strength, no matter combining or
separately make use of additive and sintering aadit
Sample M5, S5 and R2 have the highest HMOR in
metal line, slag line and ramming mix, respectively

In slag resistance testing, sample S5 and R2 mextes
lowest corrosion ratio that showing the best rasist

of slag line castable and ramming mix, respectively
The results pointed out that the mechanical strengt
was increased and apparent porosity can be redyrced
to 7.5% by added appropriate amount of additive,
longer life time of main trough materials can be
achieved.

Pillar shape and network mullite crystals can be
founded in castable under slag layer, network sirec
can conduce to enhance mechanical strength.

3.

4.
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