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Study on Characteristics and Manufacture of Heat-Resisting Diatomite
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ABSTRACT

A heat-resisting diatomite protection tube, using diatomite as a main component, was manufactured through an extrusion molding
of ceramic slurry in different component ratios. And its mechanical strength, carbon analysis and microstructural non-homogeneity
were investigated. After fixing 60 wt% of porous diatomite whose particle size was 50~100 um, the optimum mixture ratio with
composition variables by changing 1 wt% of each component that was silica sol(4.3~7.3 wt%) as an inorganic binder, CMC (Sodium
CarboxyMethyl Cellulose 6~9 wt%) as an organic binder and paper powder(4.7~7.7 wt%) was obtained. As a result of the
investigation on a composition containing 60 wt% diatomite, 5.3 wt% silica sol, and 7 wt% CMC, a heat-resisting protection tube that
could be used as a molten steel probe for measuring the temperature and components of molten steel was developed. The bending
strength, compressive strength, and elastic modulus of the protection tube developed, that contained <2.3 wt% carbon, were 7.1 MPa,
7.5 MPa, and 1090 MPa, respectively.
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Table 1. Chemical Composition of the Diatomite (Unit : wt%)
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dHAEE, ¥ &84, ¥ € HAE, T2
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A e BEE ZA7) e TEEE HER
25 Agstd AlgshA =Aqc”

ATe A I FRES] FHE &85},
WEgRsHo AEL FUEE FRE, HYFE ceramic
bulk fiber, F71¥FIHE silica sol, F7]1v}QIEIE CMC
(Sodium CarboxyMethyl Cellulose) 52 989 && &%
st E82lE AR, o] £ E AFoY HEE
Fo= xﬂz}ﬂ A8 FHe %}“Hﬁé 3 EF A
20X FE8] 7AxE WERIAG Az HH
ok A7 ERE ol Az %ZE WERsH 27t
A mE &4 HoL aMAzF, 7AREA, 220
4 334, &85 e splashE 7t
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2. 48 YH

21. =E YRS H M=
2 Ag AMgE FUEQ] FERE(SIO, 88 wi%, Cellite

Sample Component ;. ALO; Ca0 MgO Fe,0; K,0 Na,0 TiO, Ig.loss
Content 88.7 3.09 0.25 0.29 1.59 0.50 0.21 0.12 5.20
Table 2. Quantity of the Binder (Unit : wt%)
Materials Diatomite Ceramic bulk fiber Silica sol CMC Paper powder
Quantity 60 20~28.7 43~73 6~9 4.7~1.7
Table 3. Composition of each Type (Unit : wt%)
Specimens Diatomite Ceramic bulk fiber Silica sol CMC Paper powder
Al 60 28.7 43 7
A2 60 27.7 53 7
A3 60 26.7 63 7
Ad 60 25.7 73 7
B1 60 28.7 53 6
B2 60 27.7 53 7
B3 60 26.7 53 8
B4 60 25.7 53 9
Cl1 60 23 53 7 4.7
C2 60 22 53 7 57
C3 60 21 53 7 6.7
C4 60 20 53 7 7.7
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Fig. 1. Preparation process of heat-resisting protection tube.
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Fig. 2. Extrusion forms : (a) circumferential crack, (b) surface folds, (c) extrusion direction crack, and (d) no defect.
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Table 4. pH and Extrusion Forms of each Type

Slurry pH(at Temperature 25°C)  Extrusion forms
Al 7.54 O
A2 8.05 (@)
A3 8.49 VAN
A4 8.87 X
Bl 8.32 AN
B2 8.01 o
B3 7.72 O
B4 7.40 X
Cl 6.93 O
C2 6.80 AN
C3 6.72 A
C4 6.51 X

© : excellent, O : good, A : middle, X : bad

(d)

Y3 2L o, FEot FEo] BASHA .
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©
Fig. 3. SEM micrographs of the cross section with different silica sol wt% in a heat-resisting protection tube : (a) 4.3 wt% (A1),
(b) 5.3 wt% (A2), (c) 6.3 wt% (A3), and (d) 7.3 wt% (A4).
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Fig. 4. SEM micrographs of the cross section with different CMC wt% in a heat-resisting protection tube : (¢) 6 wt% (B1),
() 7 wt% (B2), (g) 8 wt% (B3), and (h) 9 wi% (B4).
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Fig. 5. SEM micrographs of the cross section with different paper powder wt% in a heat-resisting protection tube : (i) 4.7 wt% (C1),

() 5.7 wi% (C2), (k) 6.7 W% (C3), and (1) 7.7 wt% (C4).
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C typel X paper powder?] F7}a#o] F7bet4= wuj
|7k skx] kol CMCY A4 Ao Fasty
FEATE AasiHd.

3.4 EtaEY

Fig. 9% -+ « #7189dE 2 paper powder®] 7ol

A 81514

1200
L - A
1100 }- —~—e—B
© L —a&—C
o
= 1000+
o L
2
3 900
T T
[=]
g L \
L 800f §
& : 4
W o0k
A
600 ' 1 1 i
1 2 3 4

Specimen number

Fig. 7. Average elasticity modulus of samples in each type.
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Fig. 9. Average carbon analysis of samples in each type.
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Fig. 12. Visual examination and molten metal reaction response of samples in each type.
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3. AR AT silica sol®] F7HF St W @4
2.0 wt% el 2 #st gy, CMC A7 1wtk
7t o) vt gagFol oF 0.35wit%, paper powder
g7bo] 1 wi% F7Hd W vtk @agol oF 045 wik
] S7HE A

4, FZE JERIH) YEFEY 2 &85
e B e silica sol®] O] 6.3 wi% ]3]
AMe WEEZA st mAl cracke] #8372 #Hst
gom, CMCY F-HFo) 8wit% ©°d Al cracke] T3}
7] NZREE L, 9wtk oA e &S5 st
7] A &&H5iTh. Paper powdere] ol 6.7 wi% o]/l
AME cracko] WA, =3 £8F&F EETh

5. FZE YEREH 228 E o83 &5F59 &
E - A 23 A silica sol(4.3~7.3 wt%), CMC(6~9 wt%)
2 paper powder(4.7~7.7 wt%) 59| A Welx H7t
F Zote g 25-Aa SHTP v TS A
o] ATt

ol o

o

-
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