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Abstract EPS (expanded polystyrene) is one of the most used building materials for insulation that is favored by its
excellent heat insulation, economical efficiency and lightweight characteristics. However, EPS is vulnerable to the fire and
producing large amount of toxic gases in case of fire. Therefore, ultra-lightweight geopolymer which can replace EPS is
fabricated by using IGCC (integrated gasification combined cycle) fused slag and Si sludge as raw materials and the
possibility of replacement on ultra-lightweight geopolymer for EPS as an insulation building material was evaluated in this
study. Ultra-lightweight geopolymer can be fabricated with the pulverized IGCC fused slag having low carbon content and
density, compressive strength, thermal conductivity were 0.064 gcm®, 0.04 MPa, and 0.072 W/mK, respectively. The thermal
conductivity of ultra-lightweight geopolymer is 1.5~2.0 times higher than that of EPS suggested in the KS M 3808; however,
the thermal conductivity value of geopolymer is meaningful and competitive to that of EPS in the market. Therefore, ultra-
lightweight geopolymer can be applicable to the building material for thermal insulation purpose and have an enough
possibility to replace EPS in the future because it is not only much safer than EPS in case of fire but also it can be
fabricate by using waste materials from the industry.
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Fig. 1. XRD pattern and SEM of IGCC fused slag.

Table 1

Chemical composition of IGCC fused slag determined by XRF (wt%)
SiO, AlLO; Fe,O, CaO MgO Na,O K,O TiO, P,O; MnO Loss Total
48.93 20.17 6.11 21.92 0.08 0.95 - 0.47 - 0.13 1.24 100.0
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Table 2
EDS analysis results of [GCC fused slag (wt%)
C (0] Si Al Na K Mg Ca Fe Total
39.1 39.87 10.38 5.51 0.74 0.65 0.5 0.48 2.58 99.81
Table 3 _
BET and C/S analysis results of IGCC fused slag 2500 - "
Specific surface area (m’/g) C (wt%) S (wt%) 2000 |
18.744 8.53 0.13
2 1500 |
fused slag®] XRD 41, SEM ¥ 3 XRF #4723 g |
2 JeRd Zlolt}. Table 19141] Ignition loss(FE7 ) a
o 24RE Aol 2SI AR 2w so0
Aued 4] e F R 288 FEAAH

stk 3 WiAle dErt viEE Adelodor sk T RiA
= Si¢h Al 9aEe] 95 ol 338 =] Slof
oF i}, 1 olf= dE YAt HEHo| HFH mutow
A e o] BiIFAE wHo] el gl
o3 Fute] mEgo] YR e Sigh Al AEEC]
SiYel AP'Z olslg oz AalAle JrE wdAZ
T UE A(gehe FHAZE & oo 7] wjiteltt.
Fig. 19] XRD #4437} AR v 4o, SEM #
A} sEHol wizst Y= AZl YRSl FES
= S gt F YAES AR A4S 918 EDS
S AAZAL, Table 39 YERNSITE Table 12] XRF &
A A3} IGCC fused slage &F 70 % A=7F Si0,9}
ALOE o|FolA A= AS IRIFTeEA IGCC fused
slagZ7t X1 eZ8m] AMs82H HFsiohr ddsATHS].
Table 104 HXo|, ofH da= 7FEATC] 1.24 % A
T He e g, E gE 95504 Table 29}
Table 39] EDS ¥ C/S 4] A} 7o] ghiiditol
=F AEE RS B 5 A ol 2HE IGCC &

o) 3 AP, g, Aazel] weh 9sule]
AR WsL 2 Zlog dAdEn oA 93]
AAEA] 2 FolglE vdekaE IdF X0 Zen ut
ol & IS 71H AFEH wkgel ordFgS A
4 AekE 7 es AoE Hiardnt l7, 8]

>

’

2.1.2. Si &%
B Ao E 24 2o ZwE Al 98 o
[e]

0 20 40 60 80 100
2Theta

Fig. 2. XRD pattern of Si sludge.
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Table 4
Chemical composition of Si sludge determined by XRF (wt%)
SiO, AlLO, Fe, O, CaO MgO Na,O K,0 TiO, P,0; SO, Loss Total
97.78 1.97 0.006 0.017 - - 0.003 - 0.19 0.022 0.012 100.0
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Table 5
Experimental conditions

Mol concentration (Mol)  Si sludge W/S Condition
of mixed alkali activator ~ addition (wt%) ratio of milling
0
6 10 0.2 Coarse grinding
9 20 0.3  Fine grinding
12 30 04
40 0.5
50
Aol EE =, Si sludge®] 71, Water/Solid(W/S)
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Fig. 3. Comparison of physical properties of geopolymer ac-
cording to mol concentration: (a) Compressive strength and (b)
density.
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Fig. 4. Comparison of geopolymer properties according to Si
sludge addition: (a) Compressive strength and (b) density.
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2 >25 <0.037 <0.032 >12 less than 120 s and
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Table 7
Thermal conductivity according to Si sludge addition of ultra-
lightweight geopolymer

Addition of Si sludge 40 wt% 50 wt%
Density 0.1 g/em’ 0.062 g/em’
Thermal conductivity 0.055 W/Mk 0.072 W/mK
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Table 8
Exposing time to fire frame and temperature of the specimen
surface (m: minute, s: second)

Quasi- . .
EPS  noncombustible Ultra-lllgh tweight
EPS geopolymer
Firing time 24s 1m30s 2m30s
Surface temperature  111°C  194°C 274°C
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Fig. 10. Photographs of the samples before and after exposing to fire frame.
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Table 9

Incombustible test result of ultra-lightweight geopolymer (m: minute, s: second)

Test Method Specific item Standard Test result
Noncombustible Mass loss <30% 339%
Temperature difference between highest <20K 29.73K
temperature and equilibrium temperature
Gas toxicity >9m 14m57s
Final decision - - Not suitable

Table 10
Quasi-noncombustible test result of ultra-lightweight geopolymer
(m: minute, s: second)

Test item Standard Test result
Total thermal emission <8 MJ/m’ 3.5

52

3.1
Time for excess 200 Kw/m® <10 0

Examination of specimen No crack, hole,  Noe

after test and melting
Gas toxicity >9m 14m58s
14m48s
Final decision - Suitable
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