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ABSTRACT : Inorganic binders were studied in order to apply a conservation material for stone
monument. A pure inorganic binder and 3 species of inorganic binder which contain additives on the
basis of a pure inorganic binder were selected as test samples. Through the application of inorganic
binders on Geochang granite investigate their influences on stone. pH 4.0 and 5.6 acid solution,
respectively were manufactured on the basis of the acidity of domestic rainfall. Alkaline water with pH
8.0 and deionized water with pH 6.85 were prepared as control group. Changes in weights of inorganic
binders were not definite according to the acidity of water while weight losses in inorganic binder type
were greater after reaction with the water. The compressive strengths of pure inorganic binder was
largest before the test but its decrease rate were larger after reaction with the water. Water absorption
rate of inorganic binders are 6.72 to 12.44 kg/m® - t"? after reaction with the water. Such high
absorption was considered that it forced water to move deep into inorganic binder and made the components
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of inorganic binder dissolve. Acidities of the water of pH 4.0, 5.6, 6.85 and 8.0, respectively were
changed to pH 9.0-10.0 after reaction with the inorganic binders. lIon concentrations in the water
changed after reaction with the inorganic binders and Mg*, and K' significantly increased, dissolved
from the binder. The high concentration of ions detected showed that the binder reacted with water and
formed white salts with high solubility such as MgSO, * nH,O, KNOs. Ion concentrations significantly
decreased from the binder after treatment with consolidant and water repellent.
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Table 1. The contents of inorganic binder samples

Contents on Inorganic Binder Samples

Inorganic Inorganic Binder + Stone
Binder Samples Samples
A A-1
B B-1
C C-1
D D-1

MB2 (MgO, SiO,, K;O base mineral binder)
MB2, silica, sand, white clay
MB2, silica, white clay
MB2, sand

National Treasure No.9
Five-story Stone Pagoda at

National Treasure No.30
Stone Brick Pagoda at
Jeongnimsa Temple Site, Buyeo Bunhwangsa Temple, Gyeongju

National Treasure No.187
Five-story Stone Brick Pagoda
in Sanhae-ri, Yeongyang

Fig. 1. Efflorescence and its influence in stone monument applied with binder such as cement mortar, lime mortar.

Fig. 2. Before and after the sampling by coring of stone samples.
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Table 2. Chemical composition of inorganic binder samples (wt.%)

Inorganic o ALO,  Si0, PO K.0 Ca0  Fe0;  LOI  Total
Binder

A 4018 2.7 2134 560 2475 } - 575 99.79

B 286 2452 3247 236 1206  0.54 0.38 479 99.98

C 2756 13.09 3755 294 1180 0.1 0.48 602 99.95

D 38.67 - 3163 353 22.02 - - 395  99.80

Table 3. Weight loss and reducing rate of compressive strength of inorganic binder samples after reaction with the water

Compressive Strength

Inorganic Binder  Acidity of Weight Loss (kg/em?) Reduction of
Sample Water (pH ) (%) Strength (%)
before after
4.0 12.78 136 130 4.42
A 5.6 11.85 133 129 341
6.85 12.43 131 129 2.13
8.0 10.89 134 128 4.15
4.0 4.65 126 125 0.76
B 5.6 5.30 124 123 1.29
6.85 4.46 120 118 1.34
8.0 4.97 121 119 1.41
4.0 2.95 103 102 0.88
C 5.6 2.13 101 100 0.54
6.85 2.80 102 102 0.05
8.0 3.18 104 104 0.43
4.0 11.26 137 119 12.87
D 5.6 11.09 138 116 15.77
6.85 10.97 137 120 12.23
8.0 10.86 143 122 14.33
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Table 4. Capillary water uptake coefficient of inorganic binder samples after reaction with the water at pH 4.0

Capillary Water Uptake Coefficient (kg/m® - t'?)

Inorganic Binder Sample

Before After Increase (%)
A 2.36 8.79 73.15
B 3.17 6.72 52.83
C 9.71 12.44 21.95
D 1.38 7.42 81.40
A —¢—pH4.0 —BpH5.6 B s /
-A- pH7.0 -&-pHS.0 ——pH4.0 -8 pHS5.6 @
- -/~ pH7.0 -&-pHS.0 ]
1 g I
éﬁu
-
= =
E 3 20
E g
5 £
0 =)
= - 6
=
£
5 =
g
-

inorganic binder samples

inorganic binder samples

Fig. 4. Weight loss and reduction of compressive strength of inorganic binder samples after reaction with the water.
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Fig. 5. Microstructures of inorganic binder samples after reaction with the water.
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Fig. 6. Acidity (pH) change of water after reaction with the inorganic binder samples.

Table S. Change of ion concentration in water after reaction with the inorganic binder samples (ppm)

Inorganic Acidity of Water pH 4.0 pH 6.85

Binder Ton Na" Mg* K Ca®*  Na' Mg* K Ca*
Sample Before test 33.88 - 609 036 167 - 0.71 0.18
1 day 130 29 1018 4 18 18 717 4

A 22 day 160 1,794 11,890 8 76 1,971 13,037 9
40 day 165 1,920 13253 5 75 2,131 13,991 5

1 day 146 47 1,021 4 31 35 749 4

B A 22 day 208 950 9854 13 99 1,052 10713 13

f 40 day 207 941 10,140 10 127 1,072 1L141 11

2 1 day 149 103 1,719 5 23 133 1,673 7

C r 22 day 252 1,977 20284 8 168 2,040 20,616 9
40 day 294 1471 21,0600 8 196 1457 20,750 8

1 day 171 82 3,156 5 45 55 2,108 4

D 22 day 217 46 9,060 7 145 25 10,821 7
40 day 206 37 9,125 7 168 22 11,771 6
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Fig. 7. Microstructures of interface of stone and inorganic binder samples after reaction with the water.
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Table 6. The soluble ion concentration in stone which applied inorganic binder after reaction with the water (ppm)

Acidity of Water pH 4.0 pH 6.85
Ion Na* Mg* K* Ca** Na* Mg* K* Ca**
Before test rain 33.88 - 6.09 0.36 1.67 - 0.71 0.18
stone 1,445 175 1,047 406 1,445 175 1,047 406
3 mm 1,458 1,473 5,432 833 1,735 3,651 10,200 636
A Al 5 mm 1,367 699 3,174 843 1,894 372 2,974 746
f B 3 mm 1,025 3,990 12,483 407 2,343 4,838 15,651 1,028
e 5 mm 1,031 492 1,757 466 820 1275 4,949 410
r 3 mm 1,456 3,330 4,842 1,015 1,435 5,175 5,511 621
40 “l 5 mm 871 260 2721 324 969 604 2,727 458
days D1 3 mm 1,167 1,566 7,161 598 1,273 2,519 8,070 604
5 mm 1,176 1,169 3497 483 845 1099 2,607 387
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Table 7. Change of ion concentrations in the water after reaction with the inorganic binder samples which

treated with consolidant and water repellent (ppm)

pH 4.0

pH 6.85

Inorganic Binder Sample

+ consolidant + Ion Na* Mg* K Ca** Na' Mg* K Ca**
water repellent Before 3521 033 625 030 1.67 ; 071 0.8
A’ 42 102 527 4 5 131 462 5
B’ After 50 230 320 5 10 155 417 6
C 40 days 91 248 549 12 25 135 671 6
D’ 62 53 530 13 12 52 423 3
2) 2 =7 b B3] BkE F 7o) vy REFERENCES

AR Al EeH, FEe AstHA, F

&2 37 AR F=53 dgo] TAYgh
AE BHYo=A F71d vy AHe] F4E
o] E7e] Jhge of3f| olgd-& g1t

3) B9 4HiEe} F714 viRly AlHe] WA}
9] gL Aot

4) g Fr)d vRIGZHE g3 o]
Fe Az, 2o, 9AHEZL vigE A9, &F
F714 vRRIY] AlHellA gotor, 8% o]
T ZARTFEY FHEe At

5) B39 wkgol ol Fr]d viRIt25E §
E o] K" > Mg* > Na" > Ca** 0] o]
52 AxA 714 vReig dee] Aua 48
Zol FHiEol W o]y Adste A"
Mg(OH),, KOH, KNOs;, K;PO4, MgSO, - nH20
5o MAES A3 o] EHEL wEAA} o
Aelo] Hu A xEo| afdt Holtt
6) T4 HRRITE A AH 283k e
A =3 TRAAES o galE 7714 vijie A&
o] E3} 3 4 R 5 mm7HAE 2HEY] =
Zgo] 1=t

7) 7714 vRRIgrt A" $ HAgskAle #
FAE A9 W 7714 uRIgZHE £3
ol Yo o]27Fo] 950 Fago] IlxHm
2 Aol Hgstaxt & Aol FshAle} wa
AE A 28 JaUt ok

A=t

At Ab
2 dAtes 20109 SHESAIATA RHEHSE

R&DAIY A|2o) ofa] WRHGH o)) A=,

Backbier, L. and Rousseau, J. (1993) Analytical study
of salt migration and efflorescence in a mediaeval
cathedral. Analytica Chimica Acta, 283, 855-867.

Do, LY. (2005) of granite
Bunhwangsaseoktap (Stone pagoda of Bunhwangsa
Temple). Journal of conservation science, 17, 68-77
(in Korean with English abstract).

Do, J.Y. and Cho, H.G. (2010) Modeling study on de-
terioration of stone monuments constructed with sili-
cate rock by acid rain. Journal of the Mineralogical
Society of Korea, 23, 63-71
English abstract).

Do, J.Y. and Lim, G.W. (2008) Influence of the solu-
ble salt on the exfoliation of the stone monument.
Journal of conservation science, 22, 119-132 (in
Korean with English abstract).

Hwang, Y.B. and Kim, M.H. (1990) A Study on the
factors of eftlorescence on the brick masonry walls.
Journal of the architectural institute of Korea
Structure & Construction, 10, 635-640 (in Korean
with English abstract).

Hwang H.J., Lee, J.K., and Yang, J.H. (2008) An ex-
perimental study for basic properties of hwangto
binder. Journal of the architectural institute of Korea
Structure & Construction, 24, 79-86 (in Korean with
English abstract).

Kim, S.B., Park, S.G., Song, H.W., Byun, G.J., and
Kim, J.Y. (2005) Permeability coefficient properties
of mortar using natural inorganic minerals. Concrete
journal, 17, 1976-0485 (in Korean with English ab-
stract).

Lee, S.J., Kim, J.H., and Do, J.Y. (2007) A study on
the application of SILRES BS OH 100 consolidants
for shale, Journal of conservation science, 21, 33-40

Deterioration in

(in Korean with

— 261 —



24 -

= hl

(in Korean with English abstract).

Siedel, H. (1994) Dolomitic limemotar as orgin of
stone harmful salt in the Tulpen kanzel Dom in
Freiberg/Sachsen. Steinzerfall-Steinkonservierung, Ernst
& Sohn, 173-180 (in German).

Winkler E.M. (1994) Stone in architecture, 3ed.,
Springer-Verlag, Germany, pp. 166.

R e

Winkler EMM. and Wilhelm E.J; (1970) Saltburst by
hydration pressures in architectural stone in urban
atmospH ere. Geological Society of America Bulletin,
81, 567-572.

Received November 21, 2014, Revised December 9,
2014, Accepted December 17, 2014, Responsibility
Editor: YongMoon Chon

— 262 —



