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Abstract Porous ceramics were manufactured using the foaming method for the development of inorganic insulating materials.
Silica fume and SiO, were used as main raw materials, and bentonite was used as a rapid setting agent for uniform structure
formation of porous ceramics. The porous ceramics were sintered at 1200°C, and porosity, density, compressive strength,
microstructure and thermal conductivity were analyzed. As the content of silica fume to SiO, of the porous ceramics increased
70 to 90 %, the specific gravity increased from 0.63 to 0.69, and the compressive strength increased from 9.41 Mpa to
12.86 Mpa. But, the porosity showed a tendency to decrease from 72.07 % to 70.82 %, contrary to the specific gravity. As
a result of measuring the thermal conductivity, the porous ceramic with a silica fume content of 70 % showed a thermal
conductivity of 0.75 to 0.72 W/m-K at 25 to 800°C, respectively, and, another that a silica fume content of 90 % showed a
0.66~0.86 W/m'K. So the lower the silica fume content, the lower the thermal conductivity, which was confirmed to be
consistent with porosity result. As a result of microstructure analysis using SEM (Scanning Electron Microscope), pores in
the range of tens to hundreds um were observed inside and outside the porous ceramic, and it was confirmed that the pore
distribution was relatively uniform.
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Table 1
Batch composition of the specimens
Solid(g) Liquid(g) Additives(g) S /W ratio
Silica fume SiO, Distilled water Bentonite Foaming agent Dispersant
F783 70 30 1:0.595
F8S2 80 20 45 10 1.5 3
F9S1 90 10

:§olid + Additives
Liquid



184 Taewan Ha, Seunggu Kang and Kangduk Kim

32

5-point o E v AtH e 4SS S48t
O, LFA(Laser flash apparatus, Netzsch, Germany)&
olgale] AHEES} GEAASE S50,

3. 40 W g

Table 2= Ag)7} F3 WEUo|ES] 3R Fa4
Fot}, A7 F2] A Si07F 98.04 winE F= o] F
3 ek ol At F9 =2 Si I Ferro-siliconS
1800°C ©]/de] grdFAelx A& Al TAE Si0 7k~

7} §5E o] RHEolxl ¥ FARE0)7] wiZoelth1]. A
FA] 7 ARE S S8 7 HEYo
Eo] % Si0fF ALOyF 0= 717} 63.832 14.98
wt%E UERIAO™, CaO 2 Na,0& ZHz} 3.173 3.33
wi%s YER ST

Figure 12 SiO¢} AE|7h &9 Y=E A3 2ol
o} Si0°] 739 1~50 pm®] YEREES HERHIOH,
A7 F9 A 1~70 ume] J=E VERATE

Figure 2= A7} &3} HEUelE 982] XRD ¥
Aol A7l f-2 AFAA vRA 284S o
Efdl=H], o= SiO 717t F4¢ S5EHUA A A

Table 2
Chemical composition of raw materials and commercial refractory brick
Sio, ALO, Fe,O, CaO MgO Na,O K,O TiO, LoI” Total
Silica fume 98.04 0.23 0.17 0.33 0.14 0.12 0.27 0.01 0.71 100.0
Bentonite 63.83 14.98 2.8 3.17 2.03 3.33 0.79 0.33 8.73 100.0
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Fig. 1. Particle size distribution of raw materials; (a) SiO, and (b) silica fume.
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Fig. 2. XRD diffraction patterns of raw material; (a) silica fume and (b) bentonite.
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Fig. 3. Optical microscope images of porous ceramics; (a) standard, (b) F7S3, (c) F8S2 and (d) F9SI.

1 HRAY] Sio, +2E J4s] HEoRE dAckdrt
[1]. WIEYC]E= quartz®} cristobalite A7/do] #2s]
At

Figure 3> 4249 T4 Algtee] Astolwr1E #
Zst Aaott, AjlHe] xHHA tiFst =719 18 7]
TS Ik oY FE7F #FEATH o= 7]Z2A
2 335 sodium laureth sulfate’} AEhe] <88 W&
AN FHAEES AT A AEE S7HATIEA
A T 7S FAg AR ATETH18-20].
gk, HEA9F A5E ANEH F 7 A¥ S standard
AFL] 739 FS Algj=ze) g Adg 75Ee] B
sHAl XL U= Felsisint

Figure 4= 2749 T34 Algtde] A84S 4%
Aot} 71E AEAIES mullite(AlSi,0,;)¢t corundum
(a-ALO;) A787de] AZ=UT AdE oA MlepaS
Si0,2] FZolAel quartz®}l cristobalite A7Ao] Tz
Hom, A7l Fo] X3Fo] Z71G= cristobalite
AR 937}y AAgstal, quartz 47374 937 Aske
73S JERISITE Algte]e] s AR SRl 2l

GATE EXo] QTS vkom mullite D corundum 2AF
Aol 79 GAEET}E 7H2} 6.978~3.489 W/imK, 30.238~
4.652 W/m-Ke|™, quartz®} cristobalite A7/ 749
QAEE7E ZH2E 1.1~0.3 WmKeF 3.2~5.15 WmKZ
VERATIL g Qloh21-23].

Figure 5= 4249 t3A Azt Hsd 719ES
243 Aot} (ay= HISS UER Ao JEAE
o] 7% vl 1.11, 34 Azl 3% 0.63~0.69
e s Ui (e 7IsES JE e
FEAIES] 7S oF 584 %, therd AlEkEe] 49 68.7~
721 % W] 71FES eI A7t Fo X$
o] TGS A vFo] A% Ttk A $
A & YUY 11 FHEo] AR Tt

ot

Qo g AMehge] 79 9.4~12.9 Mpa W9
SES dUehligieh v Alzte] - A7 &
o] o] ZUlEGE GEIwrt 27189 eH, F9S]
oM 7Fg =2 129 MPag UERIG. &2 A, BIF

2

o



186

Intensity(a.u)

Intensity(a.u)

Taewan Ha, Seunggu Kang and Kangduk Kim

= Mulite
° a-AIZO3(Corundum)

20 40 60
degree(20)
(a)

v Quartz
*  Cristobalite

degree (20)
(c)

T
80

Intensity(a.u)

Intensity(a.u)

v Quartz
* *  Cristobalite

T T T
20 40 60 80

degree (20)
(b)

v Quartz
* *  Cristobalite

Y *
j o T At X T X T
20 40 60 80
degree (20)
(d)

Fig. 4. XRD diffraction patterns of porous ceramics; (a) standard, (b) F7S3, (c) F8S2 and (d) F9S1.
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Fig. 7. SEM images of porous ceramics; (a) standard, (b) F7S3, (c) F8S2 and (d) F9S1.
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