2-2 Adhesion Mechanism of ﬂard Coating -
(1) Hard coating has mineral composition of (aS0. and Cal as main, and of K2804+2CaS04"is

only partially observed. CaS04,Ca0, Casle.(8i04)a are observed as well as

20a0-A1205+5i02 especiaily on boundary of coating layer with refractory material,

The latter is formed by reaction between coating and refractory material.

(2) Formation temperature of hard coating is 1800 °C ~ 1200 °C, which is rather high
(3) Low melting point compound is hardly observed in boundary layer on refractory
material after service life. Ca804(anhydrous gypsum) is observed in the form of

lawminated layers to the hot face side. _ .

(4) Judging from (1)~(3), formation and adhesion of hard coating is malnly caused by
anhydrous gypsum, and the adhesion mechanism is presumed as below.

@ Adhesion startes with adsorbing of alkali components and raw material dust in the
atmosphere. Since the atsmosphere temperature is high, alkali components are
dominated by vapor phase reaction. As the result.'rate of reaction is determlned
and coating develapment is made quick. '

@ Adhered raw material dust reacts with 503 component in the atmosphere, and forms
Ca§04. Crystallinity of this CaS0, is graded up , sintered and grows rigid
coating under the influence of temperature and alkali.

@ Laminated layers of CaS04 toward hot face that coatlng is developed by the
repetition of. processes ®—~@.

@ Main component of hard coating is CaSO.. It can be concluded that plugging is
caused by mechanical adhesion.

Adhesive Mechanism of Hard Coafing

[ﬁkdhesion of alkali coaponents in thé'étmosphére and raw material dust]

tAdhered ran material dust reacts with S0s; component in the atmosphere, and forms CaSO.

Formed CaSOs grows to hard coating of high Crystéllihity
under the influence of temperature and alkali

Formed CaS90, lam:nates in the dtrectlon of hot facc. and
repetition of above mentioned processes dcvelops coatlng

3 The characteristics of rcfractortes to prevent plugging )
The properties required for raw material adhesion reduction rcrractorics are:
1} Prevention from penetratlon of alkali and its salt including Cal.
2) Resistance to abrasion .
3) Strong resistance to spalling
The research was proceeded from these three view points.-
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3-1 Proof Test of Anti Alkali Resistance

Prepared test specimens were unburned and burned low cement castables which were mixture of atkali
resistant chamotte and si]ico_n carbide, burned silicon carbide brick, %md fireclay low cement castable. The
quality of the test pieces is shown in Table 1.

table - 1. Quality of Test Sample

Sample NO. o 1 2 3 4 5 6 7 8
Name NEOCAST | NEOCAST | NEQCAST ETS {Log ULOC ULOC
b0 DCE&O DC8Oo 15 8DC30 BDCEO Bocao ScH
_ Low cement castable Burned castable block brick
Quality :

SiC 30% | SiC 60¥ | SiC 80% {chamotte | SiC 30% |SiC 60% |SiC 80% }SiC 85%

Max. service temperature 1500 1500 1500 1500 1500 1500 1580 1700
( °C) '

App.arent pbrosity (%) 9.0 . 8.5 _8.0 8.5 14.0 13.5 12.5 18..5
bulk density 2.30 2.45 2.62 2.20 2.25 - 2.42 2.60 2.41
Crushing strength(kgf/cun?) 600 850 500 500 1000 1100 1200 780
Hodulus of repture 120 170 180 105 180 200 250 160

(kgf/ce®)

Thermal expansion{3)1000°C | -0.45 0.48 (.48 0.45 0.4% 0.48 0.48 0.48
Thermal conductivity(¥) 3.8 7.2 12.5 0.9 4.1 7.8 13.1 2.0

{kcal/ah°C} 350 °C

Chemical composition(®)

810, 3 18 5 46 33 18 5 8
Ay _ 29 18 10 18 29 | 18 10 6
SiC 30 60 80 0} b 30 85
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(1)Test Method | _ _ |
® Make crucibles for test ; cut test pieces into 60X §0x 60 mm and make a hole of ;zf3[']><'3lJ ‘mm by core
i | ' AR

@ Fix corrosion agent mix polassium sﬁlfate (K2804),'potassium chloride'(KCl); sodium sul fate

' (Na250.) in the proportiom 5:4:1. Fill 25g of the agent in each crucible and close it with a cover of -
the sate matprlal as a crucible,

® Heat each crucible in an electric furnace up to 800°C by 10°C/uwin and keep for one hour,. then heat
it up to 1100°C by 10°C / ain, and keep 1100 °C for two hours, and then cool down naturally.

| Preparation of a crucible | Heating curve
0 L
120 win
A cover.df the same material ' 1100
50 60x 10{rm)
§0 min 10 °C/uin {

900 ) '
Corrosion agent
K.S04:KCi :NaS0 = 5:4:1 10°C/ain
Crucible for test H] 99 150 170 290 min

60 60X 60 (um)
size of hole(s#30 "30mmn)

(2) Result of the Test
Figure 1 shows the condition of cross section of the crucibles and the covers after firing. Figure 2

and 3 show EPMA observation of reaction faces of the crucibles.
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(é).Summary '

(@ Test spec1lens are categorized into several types as below by observing cross
sections of each crucible.

NO. 1-3(unburned) Corrosion agent hardly penctrated. The more SiC was contasned

: ) the higher reactivity is for the covers,

NO. 5-7(burned) : These were almost same as “unburned” , but penetration was still
‘less. - Same for the covers.

NO. 4(!0w cement castable) Penetration of corrosion agent was almost through
“Reaction was little for both. the cruc;ble and the cover, but
cracking was part1c1ai!y obserued :

- NO B(burned brlck) : Corrosion agenl alwost completed penetration, and both of the
crucxble and the cover had 1ittle reaction with corrosion
agent Quality change by corroslon agent wag not observed

_ : so ‘auch. ' :
:C)'ln the observatlon by EPHA, the result was same as that of afore mentioned €ross
' sectlon The more silicon carbide was contained, the higher penetration
fr351stanre aid reactivity were. This was true fof'burhed‘p1eces rather than
unburned ones. However penetration of corrosion agent was remarkably hlgh in
fburned silicon carbide brick and fireclay low cement castable.

C)'Compared with alkali resistant chamotte-silicon carbide low cement castable,
pdrdsity of burned silicon bafbide”bri;k'#as high, and the mean radius of pores
was 1.55 um : about 20 times bigger than 0.08 um of the former shown in Fig. d.
These factors made penetratlon of corr0510n agent easy.

@ Fireclay low. cement castable is not greatly different in porosnty and mean pore
radlus, however different kind of aggregate is considered to have serJed to make
penetration of corrosion agent higher, :

-Hésu]ts\of Anti.AIkali Properties Test

Sample- NO. i 2 3 4 5 6 7 8
:3. 'Qﬁélity low cement castable . | burned castab!e burned
k B - ' block brick
SéC content 30 % 600% | 80 % [chamo-{ 30 % | 60% | 8% | 85%
. ' Sl bte

o) o | o | x © © | © X

'ﬁAntf4péﬁétration
“|'sroperty (crucible)

Reactivity (cover) O ©
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No. | 5iC 30 % Unburned No. § SiC 30 % Burned

SiC 60 % Unburned

No. 4 No. 8 SiC 85 % Burned brick
Low cement fireclay castable

{F ig. 1) Cross section of crucibles and covers after tested
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( Fig. 2) Photographs by EPMA at the reacted surface parts of crucibles x 75

( Unburned test pieces )
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§

Photngraphs by EPHA at the reacted surface parts of crucible

)

3

Burned test piéces )

{
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< f.u iy
3.00 | UV S W NN R ual
V.50 L _— I -
(¥}
| .
S 6 00 UL L [sic85 burned brick
Y = —hf‘-.\_ﬁ i §
o I NN
Q SiC86 burned
3 .50 -
z T
= R o N
CTTH
J.090 L
{tC/g) T M\,&SiCSU unburned \
N
1.50 % [l L
\‘~-h \#31
Q - i o o = ]
2 5 2 5 2 5 2 5 e 5
10 100 tC00 100040 ta00ad Aa Ca )
Mean Radius of Pores (A)
Distribution of Pore Radius
Vp/W(cc/g) : volume of pore
Rp (A) : mean radius of pores
Sample name Pore voluee(cc/g) Mean radius of pores {A)
SiC85 burned brick $.061112 165932.7
Sic80 burned {4.038330 14134.5
Sic80 unburned 0.027451 770.3

[Fig., 4] Distribution of pore radius

3-3. Anti alkali properties test
In order to confirm abrasion resestance of each test piece, Sand blast abrasion test

in

the room and hot temperature is applied.

(1) Test Method

®

@
@

_Specimens for ho

Outline of test method : blow silica sand as abrading media to a lesl picce by
dry type blast gun, and measurc weight and volume loss. Rough drawing of

abrasion test apparatus is shown in Fig. 5.
Grain size of silica sand should be [4/20 mesh, and use 10 kg each time. Blasting

air pressure should be 2.0 kg/cn® ab the blasi machine. _ _
Test pieces should be supplied continuousiy for both tests in the room and hot

temperature. Volume loss is calculated frow weight loss after testing. The

number of test pieces isn = 1 for cach. o
t abrasion test are heated at the rate of 300°C/h and should be

kept 2 hours at 800°C. After this, the test should be applicd one by one. In case
the surface temperature of the specimens become low, Lhe next specimen should be

heated up to 800 °C on the surface before testing.

— 15k~



Test furnace

Test specimenl f{// //B}aSti"g nozzle Blasting machine

Kerosene burner

r : Silica sand
g i -
/ __._oj

. ' Inside diameter
Inside diameter - 38. 4mm

wgr 100mm "1 6. Umm

m Cl

A

r+-< .

(1] § '

D E— —ZI

(] \

o - - 13 8mm . o _
m -

= —] Inside diameter at the point

(Fig. 5] Abrasion Test Apparatus

(2) Test Result _
The result of the abrasion test is shown in Table -- 2.

Table - 2. Abrasion Test Results

Sampie \\ Item Room temperature _ Hot condition. |
Feight loss(g) | Volume loss{cn?) | Weight loss(g) | Volume loss(cm®)
1 | SiC30 unburned 4.23 1.78 3.43 144
2 | SiC60 unburned 3.43 1.36 145 | L
3 | $iC30 unburned 3.13 . L6 2,94 1.09
4 |Low Cesent B.59 3.67 204 | saw
5 | SiC30 burned 1.9 0.82 2.14 .1.113
6 | SIC60 buraed L8 0.73 | 1.5 0.59
7 | Si€80 burned 1,09 . 0.40 .72 0.63
8 | Sic85 brick 1.90 0.79 1 228 0.95




The Result of Abrasion Test

Volume loss (cm?)

A : SiC30% Castable
B : Si(60% Castable
€ : SiC80% Castable
D : Chamotte Castable
E
F
G
H

: $iC30% Burned Block
: SiC60% Burned Block
: - $iC80% Burned Block
: §i685% Burned Brick

(3} Suomary

@ Abrasion resistance at the room temperature is : Si€80 burned ~ > $iC60 burned >
SiC85 brick > SiC30 burned > SiC80 unburned > SiC60 unburned >
SiC30 unburned >> Fireclay Low Cemenl Gastable.

@ Abrasion resistance in the hot is : SiG80 burned > SiC60 burned >
SiC85 brick > SiC80 unburned > SiC30 burned > SiC60 unburned > SiC30 unburned

> > Fireclay Low Cement Castable.

® This sand blast testing method in the hot condition is effective not only for
comparison of strength in the hot temperature which is a main factor for
abrasion, but also for comparison of spalling resistance (heat shock resistance).
Therefore, generally abrasion is higher in hot condition than in the roowm
temperature, as the test result of fireclay low cement castable shows. Abrasion of
the specimens containing SiC in the hot and roon temperature arc¢ alwost same.
This is because the specimens of SiC type have good spalting resistance as well

as strength in hot condition.

4. Application for an Actual Furnace
Silicon carblde refractories have alrecady been uscd as raw material's pluggtng

reductlon refractories in 23 ‘factories of 17 cement companies in Japan.  Nowadays, to
make good use of 1ts characteristics, it is also applied for cooler parts, air extraction
ducts and burners not only for preheaters. ind effectiveness can be improved by
" adjusting the content of silicon carbide for each operation condition and position of
There are many types of lining gethod : application of a vibrator,

appltcation.
burned), ‘the combined one of the two, and elc.

application of blocks (unburned,
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" 4-1. Application Conditions for an Actual Furnace :
The details of application for an actual furnace is showm below.

Inlet Chamher Part
R;sing Duct Part
 Raw Material Chute

Lowest Cyclone

Flash Furnace

Lowest cyclone ; 8-factbriés

: 12 factories
SiC80 burned and unburned biock, castable
SiCBﬂ'unbgrﬂed block, castable
: 12 factories _ _
SiCE0 burned and unburned block, castable
$iG30 unburned block, castable o
: 6 factories -
'8iC60 unburned block, castable
SiC30 unburned block, castable
: 8 factories
$iC60 unburned block, castable
SiC30 unburned block, castable
: 4 factories o
SiC60 unburned block, castable
SiC30 unburned block, castable

Application Condition for Preheater

Raw material'chute 3 6§ factories
- Flash furnace ; 4 factories

Rising duct ; 12 factories

Inlet chamber ; 12 factories
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Application of Lining:by'ﬂualit;]'

lLowest cyclone

Roof, walls i SiC30%, 60% castable
_ Cone part : 8iG30%, 0% block

Réﬁ material chute

'5iC303, 80X castable block, castable

Fiésh furnace

SiC60% block, castable

Rising duct 1

SiC60% castable,(block)

Inlet Eﬁémber
R _
Roof, walls : SiCG0%, 80% castable

Throat part : SiCB0%, 80% castable block

4-2. An Example of Application

Fig. 6 shows the example of the rising duct for HSP kiln of "A" company. This is
a typicaf example of the structure which develops plugging of rigid hard coating,
because the atmdsphére'tempcraturc increases to higher than 1200°C duc to various
operation conditions and_EhE structure. In the past, trealment was done by low cement
castable or gunning materials, and the diirability was only one cappaign {3 Lo 4
monfhs)t- llowever, after onc and a hal f year service with new material, the duct size
is almost same as the original, and the frequency of coating removing work is mach less.

Thd matérials bséd for construction were SiC 60 burned block and castable of the
same material, " A" company constructed the inlet chamber with SiC B0 burned and.

castable, and they arc using it in 3 good condition.
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after lining ~after 1 year and § months use
Fig. - 6: Using Condition of Rising Duct of "A" Company

5. Conclusion

There are many factors for raw material’ plugglng at preheater and the causes can
not be specified, as mentioned before.’ However in the aspect of refractories a grcat
deal of improvement was carried out and obtained good ‘results by use of snllcon carbxde

refractories. from now on, more effective refractories from the overall ponnt of view
including ining methods and usage will be developed.
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