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Study on the Measurement of Reversible Rate for Cultural

Relics Preservation Materials
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Abstract: The reversibility of the preservation materials is often the controversy focus in the field of cultural heritage con-
servation ; what kinds of materials are reversible materials? How to quantitatively express the reversible? Are reversible mate-
rials also desirable when penetrated into the microporous of brick, stone, clay, and other porous materials? How to change
reversible rate after aging? In order to explore these basic theoretical problems, this work proposes that we can use the “re-
versible rate” to quantitatively character the reversibility of the preservation materials in the application process and the re-
versible rate can be measured through the clearance experiment. The reversible rate is experimentally measured by the
Paraloid B72, fluorine rubber, acrylic emulsion and epoxy resin on the surface of glazed tiles, glossy marble, Sichuan sand-
stone, tuff and Shanxi sandstone. The experimental results show that all of these materials has a certain degree of
reversibility. The removal rate of the protective materials is inversely proportional with the porosity of the basal substrate,
and relates with the removing technology and scavenger species. The ultraviolet aging process is also significantly affecting
the removal rate. The measurement technology of the reversible rate may be an important method to study the function and
mechanism of cultural relic protection materials.
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Fig. 1 The qualitative experiment for cleaning the epoxy resin on the glazed tiles (a) and Shanxi sandstone (b)
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Fig. 2 The qualitative experiment for cleaning the fluorine rubber

on the glazed tiles (a) and Shanxi sandstone (b)
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Table 1 Reversible rate experiment results about Paraloid B72

on different substrate materials using ethyl acetoacetate

as scavenger

Substrate Glazed

materials tiles

Shanxi

sandstone

Glossy  Sichuan

marble sandstone

First removal rate/%  86.7 72.7 39.1 27.9 206.5
Second removal rate/% 12.7 24.2 6.0 16.5 0.4
Third removal rate/% 0 0 0 0 0

Reversible rate/% 99. 4 96.9 45.1 44.4  26.9
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Table 2 Reversible rate experiment results about fluorine rubber
on different substrate materials using methyl benzoate

as scavenger

Shanxi

sandstone

Substrate Glazed Sichuan

materials tiles

First removal rate/% 48.5 41.7 31.5 33.3 17.7

Second removal rate/% 24.3 32.1 11.4 6.7 7.1
Third removal rate/% 2.0 0 0 0 3.5
Reversible rate/% 74.8 73.8 42.9  40.0 28.3

Glossy
marble sandstone
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Table 3 The reversible rate experiment results about acrylic
emulsion on different substrate materials using butyl
acetate as scavenger

Substrate Glazed  Glossy  Sichuan Shanxi
. . Tuff
materials tiles marble sandstone sandstone
First removal rate/% 4.3 2.6 1.0 0.4 0.4
Second removal rate/% 1.1 1.1 0.5 0.9 0.3
Third removal rate/% 1.0 0.7 0.1 0 0.1
Reversible rate/% 6.4 4.4 1.6 1.3 0.8
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Table 4 The reversible rate experiment results about epoxy resin

on different substrate materials using ethyl acetoacetate

as scavenger

Substrate Glazed  Glossy  Sichuan Shanxi
materials tiles marble sandstone sandstone
First removal rate/% 6.6 6.2 3.7 4.1 2.3
Second removal rate/% 2.1 3.1 2.5 2.2 2.2
Third removal rate/% 1.0 0 1.0 0.2 0.9
Reversible rate/% 9.7 9.3 7.2 6.5 5.4
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Table 5 Reversible rate of Paraloid B72 on Shanxi sandstone af-

ter different UV aging time using ethyl acetoacetate

as scavenger

Without UV UV aging UV aging UV aging

Process aging  (3d)  (6d)  (9d)
First removal rate/% 26.5 49. 4 62.0 34.0
Second removal rate/ % 0.4 1.8 2.0 0.7
Third removal rate/% 0 0 0 0
Reversible rate/% 26.9 51.2 64.0 34.7
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Fig. 3 The change curve of the water absorption quality with time ( a)

and absorption coefficient on different substrate materials (b)

M 7K & gl 24 T DA% H gl A A5 B9 AH 2 I 7K 2R

B SR A 8.4, WD AN 39.2, BEKAEN
44.2, IIVERN A 90. 40 WK REGBK, 13k LB R
MR o 558 BRI A [F] R TR BB L Y Rl 39645
SCEBUEAN L, AR LA, UEWTER 3P B B4 AT 06
RE IR LB R R

4 & it

(1) S8R, V2R3 M BB A — 2 1 A] 3
SE UL — 8 ML, ] R S R b R T
WOE ) E R bR, P DAE o ST I R . AR S AR A
Paraloid B72 FlHUG I i AT 306 R B K, T 7K %k 20 40 4
LI A — 2 ] 3

(2) W G-3RI\ S IS R Ak B HS (1% T 338 2R 2/
P I RR A T 3 2 R0, RO R R A B 5 T 335 o 7 771
(140 3o R R  Ae P R B R e I 32 S A L Bt v 8 % 1 W fF
R i R

)X F LA, FLBRRMK, iR #
BN S 8GR, B0 BLOR R RH AT 5 6 5 B A
BHYFLBR R R L,

(4) DRy R AT 386 284, 5 85 B 390 1 R 28 AV R T
A, I I BRI B R SRS bR T AR DA T DL
AP MR TR ARSI R I LT LR L ER X T
B72 MUKMEIR A . R H R H X T USRI . LR T BR Xt
Tl PO B T BRI

(5) By ARG LA At A2
BH R L BRI A TRl —

SEHE References

23 W] 2 52 ) £ 47 4

[1] Proietti N, Capitani D, Cozzolino S, et al. In Situ and Frontal Pol-
A Unilateral
J Phys Chem

ymerization for the Consolidation of Porous Stones:
NMR and Magnetic Resonance Imaging Study[ J].
B, 2006, 110 (47) .23 719 -23 728.

[2] Wang Na( T 1), RAH), He Ling (Fl
), et al. FETREAITREVRP D EMGAIITELI]. New
Chemical Materials ({6 THRAAL) , 2011(1) 100 -102.

[3] Wang Liging( Fii%), Yang Lu(# ¥&), Dang Gaochao( 3§
), et al. BUME B2 SCH AR IR RL I DG 3 AL PE RE AT 5T
[J]. Journal of Northwest University: Natural Science Edition( 4
HEHEEAR . FRBRERD) , 2006(5) : 761 - 764.

[4] Chen Genling( BRBEEY). — B KM LA &% M 1EE
[J]. Sciences of Conservation and Archaeology ( UM 5 %
Rl2), 2005(1): 49 -53.

[5] Zhang Bingjian( K1) , Wei Guofeng( B[ ) ,
(BE#) , e al. AFRBSCH G FHETST b ) A &
JE#aF[J]. Sciences of Conservation and Archaeology ( S P
HaReE), 2010, 22(4): 102 - 109.

Liang Junyan (3

Yang Fuwei



