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ABSTRACT  The feasibility of the geopolymer as a cultural asset restoration material was studied by investigating compres-
sive strength and chromaticity change. Metakaolin that was synthesized by calcination of the kaolin at 750°C for 6 hours
was used as a geopolymeric starting material. Kaolin lost its crystallinity and changed into non-crystalline phase during cal-
cination. NaOH solution and water glass were used as an initiator for the geopolymeric reaction. As the concentration of
NaOH solution and water glass increased the compressive strength increased. When alumina was substituted with
metakaolin, the compressive strength decreased at a small amount of alumina, but increased at a large substitution. For the
most composition of geopolymers, the change of chroma values remained within the limit of slight variation after exposure
to sunlight for 8 and 100 days. However, even small amount of organic pigment addition increased chroma values of
metakaoline. It was shown that geopolymer had excellent chroma value change over epoxy resins.
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Table 1. The composition of the starting meterials for geopoly meric reaction (wi%).

No. Metakaolin NaCH Solution Water Glass Water Orgaric Pigment
1 57.2 5.7 (6M) 14.5 22.6 0
2 57.2 5.7 (10M) 14.5 22.6 0
3 57.2 5.7 (14M) 14.5 22.6 0
Metak a0lin NaCH Solution (10M) Water Glass Water Orgaric Pigment
4 57.2 5.7 14.5 WG/W=2) 22.6 0
5 57.2 5.7 14.5 (WG/W=4) 22.6 0
Alumira + Metakaolin NaCOH Solution (10M) Water Glass (WG/ME3) Waler Orgaric Pigment
6 57.2 (AM=2) 5.7 14.5 22.6 0
7 57.2 (AM=5) 5.7 14.5 22.6 0
8 57.2 (AM=0) 5.7 14.5 22.6 2.0
9 57.2 (AWM=2) 5.7 14.5 22.6 2.0
10 57.2 (AM=5) 5.7 14.5 22.6 2.0

Table 2. Chemical compostion of Incobresian kaolin.

Sio2 Al2C3 Fe203 Ca0 MgO K20 Na20 Ti02 MnO P205 Ig. Loss
52.66 43.75 0.37 0.26 0.15 0.12 0.22 0.84 0.01 0.56 0.66
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A: Indonesian kaolin
B: metakaolin calcined at 750°C for 6h
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Figure 1. X-ray difracton patterrs of as—received and calcired
Incbresian kaolin. The lower spectrum is from as—received, and the
upper one is from calcined kaolin at 750°C for 6 hours. The symiol
® denctes difraction peak from quartz, and ™ denotes from kaoli—
nite.
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Figure 2. Compressive strengh of geopolymer according to the
corcentration of NaCH solution.
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Figure 3. X-ray difraction patterns of the geopolymer with various
corcentration of NaCH.
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Figure 4. Compressive strengh of geopolymer according to the
dilution ratio of water dass.
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Figure 5. Compressive strengh of geopolymer according to the
weight ratio of alumina and metakaolin, and the addtion of 2.0 wi%
of organc pigment.
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Table 3. Variation of chromaticity change of geopolymers kefore and after surlight exposure. The notatiors of U and B mean upper side and bot—

tom sick of the specimen, respectively.

Before Exposure Atter Exposure, 8 days After Exposure, 1 00 days

- L a b L a b AE L a b AE

] u 92.75 1.56 8.28 93.31 1.29 7.63 0.90 91.75 2.07 9.05 1.36
B 93.35 1.29 7.05 93.50 1.18 7.07 0.19 93.52 1.75 7.40 0.60

u 90.70 1.91 9.95 90.18 2.00 10.12 0.55 90.57 2,04 10.43 0.51

’ B 91.99 1.58 7.44 91.66 1.58 7.36 0.34 92.27 1.41 7.87 0.54
3 u 91.57 1.88 9.47 92.14 1.58 8.48 1.18 92.00 1.38 8.05 1.57
B 91.17 1.91 9.07 91.24 2.06 9.14 0.18 91.12 1.90 9.55 0.48

4 u 92.39 1.1 7.15 91.81 1.1 7.77 0.85 91.75 1.18 7.15 0.64
B 92.21 1.15 7.86 92.05 1.04 7.14 0.75 92.42 1.07 7.51 0.42

5 u 91.11 1.27 7.45 91.69 1.1 8.25 1.00 90.41 1.81 8.73 1.56
B 91.24 1.22 7.70 92.54 0.87 6.24 1.99 91.68 1.13 7.25 0.64

6 u 89.24 195 | 10.23 89.78 2.21 8.88 1.48 89.77 1.04 10.17 1.05
B 92.36 1.62 8.46 92.38 1.63 9.43 0.97 91.69 2.1 7.02 1.66

; u 93.92 1.28 6.75 94.35 0.94 6.36 0.67 94.94 1.74 5.51 1.67
B 92.28 1.51 8.78 93.46 1.18 7.60 1.67 90.6 2.51 9.34 2.05

s u 83.13 2.59 9.44 80.36 3.47 11.00 1.95 82.59 3.01 10.75 1.48
B 80.83 3.16 | 10.58 81.84 2,94 10.24 1.09 81.34 4.18 1.1 1.25

u 67.71 4.1 10.72 68.90 4,06 11.42 1.38 69.29 4.65 11.07 1.71

° B 74.87 4,67 | 13.26 75.16 4.50 12.86 0.52 75.28 4.44 13.98 0.86
10 u 75.69 3.87 | 10.35 75.47 3.90 10.21 0.26 75.45 3.41 10.86 0.72
B 75.94 436 | 11.68 76.01 4.32 11.98 0.31 75.30 3.45 11.47 1.13
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