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Bioinspired Preparation of a Protective Biomineralized Material on
the Surfaces of Historic Stones

LIU, Qiang ZHANG, Bing-Jian™*
(Department of Chemistry, Zhejiang University, Hangzhou 310027)

Abstract The conservation of historic stones is a crucial and arduous task. Now, stone conservation is
primarily achieved through surface treatments by the use of organic materials, but the protective effects do
not satisfy the protectors. So it has been focused on to develop new materials or methods. In this paper, we
have prepared a new protective material by a bioinspired method, in which chondroitin sulfate was selected
as a controlling template and the supersaturated solution of calcium oxalate as a stock solution, and the
processing parameters was optimized through orthogonal experiments. The structure and microtopography
of protective materials have been analyzed by X-ray diffraction (XRD) and atomic force microscopy (AFM),
which indicate that the stone substrate is coated by a film of calcium oxalate about 100 nm thick. Moreover,
its protective performances have also been evaluated by its abilities to resist water, soil and acid. The analy-
ses reveal that the protective effects of the film are favorable. The method for stone conservation by biomi-
metic approach should develop a category of new protective methods or ideas.
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Table 1 Design of Lo (3*) orthogonal experiments

Serial number A—Concentration of CS/%

B—Amount of layers

C—Surface pretreatment D—Precursor Contact angle/(°)

1 0.01 3

2 0.01 6

3 0.01 9

4 0.02 3

5 0.02 6

6 0.02 9

7 0.03 3

8 0.03 6

9 0.03 9

K1 60.9 59.5

K 58.5 60.3

;3 62.1 61.7

R 3.6 2.2
Optimizing A3 B3

No Filtrated 62.4
Ethanol Not filtrated 60.2
Propanol Ca+0x 60
Ethanol Ca+0x 57.8
Propanol Filtrated 58.9
No Not filtrated 58.8
Propanol Not filtrated 58.2
No Ca+0x 61.9
Ethanol Filtrated 66.2
61.0 62.5
61.4 59.1
59.0 59.9
2.4 34
C2 D1

@k KA, R 902, Ox-Oxalate.

1.5.2

TR O Al PR SROK.

PRAEIHIR: AE 5 BT3B T BRI 2355
I UGN BE PR 2K, L 1 minis, 2587 K
2, NS B IR 2.

DRAP b PR S TRS SF RE . A S A R 1 25 AR
[, R ARG R TR N 20 R sk, HARFEEAT
BT, DABIUE IR PR R A A2 TR 25 2.

R 2 IFFERSKIGREGEK KV D)

Table2 The blue-black ink concentration of standard examples
(volume ratio of ink to water)

Grade | Grade 11 Grade Il Grade IV Grade V
1:4 2.3 3:2 41 5:0
1.5.3
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Figure 1 XRD image of treated sample stone

B— calcium oxalate monohydrate; @— calcite

K 2 R EE AR AFM B, g i %
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Figure2 Comparison of AFM images between the treated stone
and the untreated one

a—untreated; b—treated
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