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Abstract: Applying acrylic silane monomer for determent of weathering damage of stone cultural assets
from various sources was investigated to improve inorganic affinity of polymer impregnated to the stone
for conservation treatment using impregnation of acrylic polymers under pressure. Radical polymerization
was carried out with various mixture ratios of methacrylate (MMA), as the base monomer, and vinyl
trimethoxy silane (VTMS). Subsequently, according to the changes of glass transition temperatures,
average molecular weights, and storage moduli of the obtained copolymers, the case of adding 1 wt% of
benzoyl peroxide, polymerization for 8 hrs, and mixing 5 mol% of VTMS to MMA was the optimum condition
of monomer ratio and polymerization. Practically, fresh granites collected in domestic site and weathered
stones were treated by following the obtained result above, and then, the moisture absorption, impact, acid
resistance, and adhesion properties of the treated stones were compared to those of the corresponding
stones treated with MMA only. It was found that those properties of the stones treated with PMV5 were
considerably improved.

Keywords: stones, conservation, impregnation, inorganic affinity, acrylic monomer.
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Table 1. Glass Transition Temperature and Molecular Weights of
PMV3

Average Molecular Weight

Initiator ~ Solvent — 7,(C) 7 A MM
AIBN MEK 100.8 11300 21300 1.88
AIBN DMF 85.5 13100 27200 2.08
BPO MEK 90.7 12600 87600 6.95
BPO DMF 98.4 23200 61500 2.65
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Figure 1. Polymerization ratio of PMV3 as a function of poly—
merization time.
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Table 2. Basic Properties and VITMS Content of the MMA-
VTMS Copolymers

Name VTMS content (%) M, 7,(C)
PMVO 0 28300 98.1
PMV1 1 28800 93.9
PMV3 3 31700 101.0
PMV5 5 41600 105.2
PMV10 10 30800 101.6
PMV20 20 33600 84.7
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PMV10
PMV20
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Figure 2. IR spectra of the MMA—-VTMS copolymers.
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Figure 3. DSC thermograms of the MMA—VTMS copolymers.
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Figure 4. Storage modulus of the MMA—VTMS copolymers
as a function of temperature.
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Table 3. Final Impregnation Ratios(%) of Various Stones with
Different Treatment Agents

Stone type MMA PMV5 OH100 H0
HD* 0.218 0.080 0.101 0.251
Granite PC 0.281 0.120 0.138 0.394

NS 1.416 - - 1.563
Sand 3.367 3.245 2.451 3.819
Marble 0.006 0.015 - 0.233

“HD: Whangdung, PC: Pochun, NS: Namsan.

Table 4. EDX Results of Treated and Untreated Specimen

C 0 Al Si Others Total(%)
Untreated 0 61.76 7.57 23.89 6.78 100
Treated
(PMV5)

13.39  57.54 4.46 20.11 4.5 100
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Figure 5. Moisture uptake ratio of (a) HD; (b) sand stones
impregnated with various agents.

Table 5. Flexural Strength (MPa) of the Granites Untreated and
Treated with Various Agents

Type Untreated  PMMA PMV5 OH100
HD 11.99 20.70 30.74 14.61
PC 17.40 25.98 33.10 22.25
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Table 6. Results of 1zod Impact Test for Treated and Untreated
Specimen

Stone Treatment Impact energy

type materials  0.74J 0.861] 0.981] 1.10J
X A 0 X A 0 X a 0 X a0

Untreated 2 2 1 5 - - 5 - - - - -
PMMA - - 5 - 1 4 2 2 1 5 - =

G HD

r PMVS - - 5 - - 5 2 3 - 4 1 -

. OHIOO 3 2 - 4 1 - 4 1 - 5

lt Untreated — 1 4 3 2 5 - - 5 - -

e PMMA - - 5 - 1 4 3 1 1 5 - -
PMVS - - 5 - 5 - - 5 5 - -
OHI00O - 3 2 3 2 - 4 1 - 5 -
Untreated - 4 1 3 1 1 5 - - 5 =

Sand PMMA - - 5 - 1 4 - - 5 2 2 1

stone PMV5 - - 5 - - 5 - - 5 - - 5§
OHIOO 5 - - 5 - - 5 - - 5§ - -
Untreated 4 - 1 4 - 1 2 1 2 - 4 1

Marble PMB73 2 1 2 2 2 1 2 - 3 - 3
PMVS 3 2 - 4 1 - 2 2 1 2 2

(X: failed, A: cracked, O: not failed).
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Figure 6. Photographs of various stone specimens treated with
different agents after acid resistant test.
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Figure 7. Force vs. extension curves for adhesion strength (a)
and failure surfaces (b) of the specimen treated with PMMA
and PMV5.
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